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EUROCPEAN BOARD
OF VETERINARY Update: July 2019
SPECIALISATION Evnpépwon: lovAiog 2019

EUROPEAN COLLEGES OF VETERINARY SPECIALISTS

EYPQMAIKA KOAETIA EIAIKEYMENQN KTHNIATPQN

Number of specialist

veterinarians active
in Greece
Ap1Bpdc e1d1kevpévwy
KTnVIdtpwv epyalopevwy
otnv ENdda
1 'Eg?} ECAR European College of Animal Reproduction 2
2| 2= | ECAWBM |European College of Animal Welfare and Behavioural Medicine 2
3 ECAAH | European College of Aquatic Animal Health 3
4 E_EE*E.__ ECBHM | European College of Bovine Health Management 3
5 :‘?L.;,,; ECEIM  [European College of Equine Internal Medicine 0
6|« ®| ECLAM European College of Laboratory Animal Medicine 0
7| |mmEE ECPHM |European College of Porcine Health Management 3
8 @.._- EPVS European College of Poultry Veterinary Science 4
o| ™ | ECSRHM [European College of Small Ruminant Health Management 12
10| & ECVAA |European College of Veterinary Anaesthesia and Analgesia 1
11 ECVCN |European College of Veterinary Comparative Nutrition 0
12 “‘Iﬁ ECVCP |European College of Veterinary Clinical Pathology 1
13| 2 ECVD [European College of Veterinary Dermatology 3
14| EA ECVDI |European College of Veterinary Diagnostic Imaging 2
15 ECVECC |European College of Veterinary Emergency and Critical Care 0
16 % ECVIM-ca |European College of Veterinary Internal Medicine-companion animals 0
17 u ECVN European College of Veterinary Neurology 2
18| Eyd) ECVO [European College of Veterinary Ophthalmology 0
19 @} ECVP European College of Veterinary Pathology 0
20| %= ECVPH [European College of Veterinary Public Health 5
21 E'm ECVPT [European College of Veterinary Pharmacology and Toxicology 1
22 .ﬁ‘ ECZM  |European College of Zoological Medicine 1
23 @ ECVS European College of Veterinary Surgery 1
24 m EVDC [European Veterinary Dentistry College 0
25 EVPC European Veterinary Parasitology College 3
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History of the Hellenic Veterinary Medical Society

he Hellenic Veterinary Medical Society (HVMS) is one of

the oldest Scientific Societies in our Country. It was found-
ed in 1924 and its first scientific journal was published in 1926.
Prompter, Founder and Animating Spirit of HVMS was the
General loannis D. Petridis (1870-1947), first President and for
many years Honorary President of the HVMS. Among the 49
founding members of the HVMS there was also the memorable
professor Konstantinos Livadas, the founder of the Veterinary
School of the Aristotelian University in Thessaloniki. In spite
of the disagreements, the HVMS contributed greatly to the
foundation of Veterinary School.

During that time there was only one Scientific Society in
Greece, the Medical Society of Athens, which was founded
in 1835 and published its first scientific journal in 1922. The
HVMS dealt not only with scientific but also with professional
topics, like the establishment of the invoices for the veterinar-
ians’ payment, taxes, insurance etc. Also, at that period, the
accession of the Veterinary Branch in the Hygienists’ Pension
and Self Insurance Treasury (TSAY) was achieved.

The first post-war assembly of the HVMS took place in the
private medical office of Petros Kiappe, on Peta Street in Ath-
ens. With its post-war first president Konstantinos Melanidis,
the HVMS has been working by implementing its old memo-
randum of association and has been located in the premises of
the Veteri- nary Microbiological Institute of Votanicos, from
where all mem- bers of the Governing Board and the Editorial
Board of the Journal of the HVMS, were coming from. There,
the first «nucleus» of the Library of the HVMS, has been cre-
ated. That is the reason, this second period of the HVMS suc-
cessor of the «Petridis period», used to be called «Votanikos
period, 1944-1965».

Because HVMS’s income was very small, it will remain
homeless for many years. Looking for a meeting place the
HVMS will find positive response from several services and
societies (State Veterinary Offices, Greek Chemical Society,
Hellenic Agricultural Society, Medical Society of Athens, Ins-
ti- tute of Agricultural Studies, State Veterinary Service of Ath-
ens, National Organization of Greek Handwork), which during
the following years are going to offer its premises, while in the
mid 1958 and for a short period, depending on its financing
capabil- ities, the HVMS will rent its own room.

In 1944, the HVMS writes down its first post-war Mem-
ber Book and in 1948 has already acquired its first 74 regular
mem- bers. Also, HVMS is actively working with scientific
subjects during regular meetings and public seminars, ana-
lyzing current veterinary issues, members’ proposals and so
on. On 29th May 1947 Mr Petridis presented in the Academy
of Athens an issue for veterinary science and its contribution
to the progress of the agricultural production and safeguard
of Public Health. Also, it should be pointed out, that because
there was no professional body, the HVMS is also dealing with
issues related to the exe- cution of the veterinary profession.

Furthermore, the role of the HVMS has been determina-
tive on the decision making of the Ministry of Agriculture on
veter- inary legislation, on the organization of the Veterinary
Service in the Ministry of Agriculture as well as on livestock
topics. In the decade of 30s the Supreme Veterinary Advisory

Council was created mainly dealing with scientific issues and
other aims like promotion, publicity and consolidation of the
veterinary science and the veterinary profession in our country
and internationally.

The Hellenic Veterinary Medical Society publishes a quar-
terly scientific journal called Journal of the Hellenic Veterinary
Medical Society (J Hellenic Vet Med Soc), as well as other
scientific publications, organizes Congresses, Symposiums,
Meetings, Lectures etc and generally and almost exclusively it
has undertaken for life the Continuing Education of the Greek
veterinarians and the students of the two Veterinary Schools.

Nowadays, the Hellenic Veterinary Medical Society is gov-
erned by a 9 member Governing Board which is elected every
3 years and has 3 branches:

* Branch of Companion Animals
* Branch of Food Hygiene and Public Health
* Branch for Farm Animals

The HVMS collaborates with the Supreme Education-
al Foundations, the Technological Educational Institutes, the
Veterinary Services, and the Veterinary Associations as well as
with Scientific Societies and the Greek and Foreign Chambers.

e The HVMS is member of the:
* Worldwide Veterinary Society
* Worldwide Veterinary Society for Companion Animals

* Federation of European Veterinary Societies for Com-
pan- ion Animals (founding member)

* Veterinary Society of the Balkan and the Black Sea
(found- ing member)

The HVMS has a total of 1220 members many of which
have been distinguished in the scientific field (University Pro-
fes- sors, Researchers), in the Public Administration, in the
Army as well as in the Professional Veterinary Societies and
Chambers, in Greece and abroad.

Since 29 May 2001, having signed the contract and since
15 December 2002 the date on which the official opening cel-
ebration took place, the Hellenic Veterinary Medical Society
is housed in its private premises in a beautiful and majestic
one-floor apartment, on the 7th floor of a building in the centre
of Athens at 158, Patission street, of 265m2 area, including
main lobby (14m2), secretary (13m2), lecture room (91m2),
the President’s office (22m2), the Governing Board meeting
room & library (44m2), the kitchen (18m2), two big baths, a
storage room and a large veranda. Al the actions performed
for possessing this new private office for the HVMS were per-
formed during the presidency of Dr Theodoros Cl. Ananiadis
and the following Governing Board:

Theodoros Cl. Ananiadist
Veniamin Albalas

President:
Vice-President:
General Secretary:  Athanassios E. Tyrpenou

Spec. Secretary: Konstantinos Chandras

Treasurer: Olga Sabatakou
Member: Emmanuel Archontakis
Member: Apostolos Rantsios
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Prevalence and new histopathological aspects of Haemoproteus spp. in pigeons
from Iran

S. Bahrami, S. Esmacilzadeh, A.R. Alborzi, S. Niknejad

Department of Pathobiology, Faculty of Veterinary Medicine, Shahid Chamran University of Ahvaz, Ahvaz, Iran

ABSTRACT. Haemoproteus spp. is pathogenic protozoan that effecting blood circulatory system of birds.

The present study was undertaken to evaluate the presence of Haemoproteus spp. in pigeons from Iran and associated
histopathological changes. A total of 108 blood samples were taken from pigeons to investigate Haemoproteus spp.
presence by blood smear and semi-nested PCR targeting the cytochrome b gene methods. Also, to evaluate histopatho-
logical changes 12 infected pigeons to Haemoproteus were sacrificed and studied. 34.2% of pigeons infected with
Haemoproteus showed macro and microgametocytes in their erythrocytes while based on the molecular method 63.8%
were infected. Focal lymphocytic aggregates, pigmentation and cell swelling were the main histopathological lesions
in infected livers. Multifocal non- suppurative interstitial nephritis, pigmentation and splenic lymphoid hyperplasia
were also seen in the infected pigeons. Mild lymphocytic myocarditis in the heart of one pigeon was the other finding.
No histopathological changes were seen in brain, intestine, and pancreas. Schizonts with variable shapes and sizes were
detected in infected livers, lungs, kidneys, and spleens but megaloschizonts were not found. This study also reports the
molecular prevalence of Haemoproteus spp. in Iran
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INTRODUCTION

pecies of the apicomplexans Haemoproteus, Plas-

modium, and Leucocytozoon comprise a diverse
group of vector transmitted parasites that infect red
blood cell (in the case of Leucocytozoon spp., also
white blood cells) and other organs within their ver-
tebrate hosts (Atkinson & Van Riper, 1991; Valkitinas
1993). These parasites have served as model organ-
isms for studies on many aspects of parasite-host
interactions, including parasite-host evolution (Per-
kins & Schall, 2002; Ricklefs & Fallon, 2002), host
life-history trade-offs (Richner et al., 1995), and sex-
ual selection (Hamilton & Zuk, 1982).

Haemosporidian protozoa of the genus Plasmodium
(Marchiafava et celli, 1885) and Haemoproteus (Kruse,
1890) have a broad geographic distribution and a di-
versity of vectors and have been described throughout
the world as parasitizing several hosts, including birds,
mammals, and reptiles (Garnham 1966; Valkitinas
2005). In birds, these parasites, has been described as
a potential cause of extinction and population decline
(Van Riper III et al. 1986, Atkinson et al. 1995, 2000,
Massey et al. 1996), reducing the fitness of their hosts
(Lefévre et al., 2008) and may sometimes lead to death
(Donovan et al. 2008, Cannell et al. 2013). Severe in-
fections by haemosporidian can lead to death and in-
volve different physiopathological phenomena such as
anemia, thrombocytopenia, and inflammation (Macchi
et al., 2013; Cannell et al., 2013).

Haemoproteus spp. is characterized by schizogo-
ny (i.e., merogony) within visceral endothelial cells,
typically of the lung, liver, or spleen, and gametocyte
development in circulating erythrocytes (Bermudez
2003; Campbell 1995). The organisms are transmitted
by biting flies, characteristically louse flies (Hippo-
boscidae) and biting midges (Ceratopogonidae). Sex-
ual stages of Haemoproteus spp. occur in the interme-
diate host (i.e., insects) with asexual stages in the bird.
Haemoproteus spp. infection is usually subclinical
but can cause mild clinical signs (Earle et al., 1993;
Macwhirter 1994; Merino et al., 2000). When clini-
cal disease occurs, it is typically associated with ane-
mia because of erythrocytic parasitism, (Cardona et
al., 2002) frequently in immunocompromised hosts.
The true extent of pathology and mortality caused
by Haemoproteus spp. parasites remain unclear be-
cause the severe hemoproteosis and death of infected
birds occur mainly during the tissue stage of parasite
development, before the appearance of parasitemia.
Recent PCR- based findings indicate that species of

Haemoproteus are responsible for some instances of
mortality in birds. Due to the application of molecular
diagnostic methods, the traditional opinion about the
harmlessness and insignificant veterinary importance
of avian hemoproteids is an ongoing partial reconsid-
eration. Haemoproteus spp. parasites are worth more
attention in veterinary medicine and in bird conserva-
tion projects (Valkitinas 2015). Natural infection with
Haemoproteus spp. has been reported in pigeons from
Iran. For example, Tavassoli et al., (2017) examined
93 blood samples of pigeons for Haemoproteus spp.
infection. In their study, 13 (13.97%) samples were
positive in stained blood smears while 27 (24.73%)
were positive by PCR. In Nourani et al., investigation
(2018), 37.5% of passerine birds from the East of Iran
have been detected as harboring Haemoproteus spp.

The distribution and nature of histopathological
lesions and the types of schizonts present in the tis-
sues in different species of Haemoproteus vary in re-
ports published to date.

In this study, in addition to the evaluation of Haemo-
proteus spp. prevalence in Iranian pigeons, the aim was
to investigate histopathological changes of different tis-
sues. Possible existence of megaloschizonts in different
tissues infected with Haemoproteus spp. was investigat-
ed. Some new findings in histopathological changes in
pigeons infected with Haemoproteus spp. are discussed.

MATERIALS AND METHODS

The study was conducted in Khuzestan, a
south-western province of Iran from November 2015
and November 2016. Khuzestan province has an area
of about 64 236 km? (Statistical book of Khuzestan
province, 2006). The province has hot and wet sum-
mers, a mild spring and cold winters.

Preparation of blood smears and morphological
analysis

For the observation of blood hemoparasites, sam-
ples were collected from 108 pigeons between No-
vember 2015 and November 2016. The volume of
blood collected was almost 50 pL, not exceeding 1%
of the live weight of the animal, as recommended by
SISBIO, Campbell (1995) and Clark et al., (2009).
The blood was collected by puncture of the brachial
vein and was used for the preparation of blood smears
and/or for PCR testing. Thin blood smears were pre-
pared, fixed with absolute methanol (1 min), stained
with 10% Giemsa solution (30 min) and examined
under oil immersion lens. More than 60 microscopic
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fields of blood films at a magnification of 1000 were
examined. When no parasite was observed, another
smear was examined to confirm the result. Length and
width of infected and non- infected RBCs were re-
corded. Also, length, width, and number of granules
in macro- and microgametocytes were evaluated. The
infection intensity was estimated by scoring the infec-
tions as weak (<10 parasites/1000 RBCs), moderate
(10-100 parasites/1000 RBCs), and severe (>100 par-
asites/1000RBCs) infections.

DNA extraction and molecular analysis

DNA was extracted using a genomic DNA purifi-
cation kit (Cinna Gen, Iran). Partial amplification of a
390-base-pair (bp) fragment of the cytochrome b (cyt
b) gene of the parasites was accomplished by PCR
using the nonspecific primers PALU-F (59-GGGT-
CAAATGAGTTTCTGG-39) and PALU-R (59-DG-
GAACAATATGTARAGGAGT-39) as described in
Martinez et al., (2009). This set of primers is unable to
distinguish between Plasmodium and Haemoproteus
genera, so to confirm mixed infections formed by both
Haemoproteus subgenera, the following forward primer
PALU-F1 (59-TAGTTAGCGACCCAACAC-39) was
designed and used with the reverse primer PALU-R, to
amplify specifically a DNA fragment of 301 bp from
the Haemoproteus subgenera. PCR reactions included
a negative control, consisting of the reaction mix and
2 ul of DNase/RNase-free water and a positive control
that consisted of a DNA sample from the blood of a pi-
geon with positive blood smear. All PCR reactions were
performed in a 20 pl mixture consisting of 10 pl Taq
master mix, 1 uM primers and 5 pl DNA template. PCR
cycling included an initial denaturation step at 94 °C for
3 min, followed by 30 cycles of denaturation at 94 °C
for 30 s, annealing at 60 °C for 30 s and extension at 72
°C for 45 s. This was followed by a final extension step
at 72 °C for 10 min. At least 20% of the samples were
randomly selected, and the amplification reaction was
repeated to ensure the reproducibility of the technique.
PCR products were electrophoresed in 1.5% agarose in
Tris-acetate-EDTA (TAE) buffer and stained with ethid-
ium bromide to visualize the amplified DNA fragments
under ultraviolet light. The samples were assigned to:
(1) Parahaemoproteus subgenus when the results were
positive for the first set of primers and negative for the
second set, (2) Haemoproteus subgenus when the results
were the opposite (negative and positive, respectively),
and (3) unknown when both sets of primers yielded a
positive result. Amplified fragments corresponding to
the expected size taken from five pigeons were purified

using a PCR purification kit (Vivantis, Revongen Cor-
poration Center, 47600 Subang Jaya, Selangor Darul
Ehsan, Malaysia). The PCR fragments were sequenced
using specific primers and the Big Dye Terminator V.3.1
Cycle Sequencing kit in an ABI 3130 Genetic Analyzer
(Applied Biosystems, 850 Lincoln Centre Drive Foster
City, CA 94404, USA). Multiple sequence alignment
analysis between sequences taken from samples and
those from submitted to the GenBank (http://ncbi.nlm.
nih.gov) was performed using nBLAST (http://blast.
ncbi.nlm.nih.gov/Blast.cgi)

Histopathological analysis

In this study, we tried to investigate histopatholog-
ical changes in pigeons that were apparently healthy,
and they did not show any clinical symptoms of bac-
terial or viral infections. Also, any findings that were
suspicious of other infections were excluded from
the study. Finally, twelve pigeons with positive blood
smears the infections of which confirmed with the
molecular method were selected for histopathologi-
cal studies. Pigeons were euthanized in a glass des-
iccator jar for open-drop anesthesia with chloroform
following standard animal ethics guidelines of Iran.
All experiments were performed according to the re-
quirements of the animal welfare committee of Sha-
hid Chamran University of Ahvaz following the Ira-
nian Veterinary Medical Association guidelines. For
histopathological analysis, tissue samples were taken
from liver, heart, lung, kidney, spleen, brain, intestine
and pancreas. The samples were fixed in 10% neu-
tral buffered formalin, dehydrated in graded ethanol,
embedded in paraffin wax, sectioned at 5 um, stained
with hematoxylin and eosin and Congo red, and stud-
ied with a light microscope.

Statistical analysis

Student T. test was used to compare changes of
length and width of infected and non- infected eryth-
rocytes and their nucleus. P-values of < 0.05 were
considered statistically significant.

RESULTS

Blood smear examination

A total of 108 thin blood smears were examined
and 37 (34.2%) were infected with Haemoproteus
spp. macro and microgametocytes. The intensity of
the parasitemia was 1-254 infected cells in 60 micro-
scopic fields. Among the infected pigeons 14, 19 and
four showed weak, moderate and severe infections,
respectively (Fig 1).
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Fig 1. Normal RBCs, macrogametocytes and microgametocytes
of Haemoproteus spp. in the blood smears of infected pigeons.

Length and width of infected and non- infected
erythrocytes and their nucleus are presented in Table
1. There were not significant differences in the length
of infected erythrocytes and their nucleus but there
were significant differences in the width of erythro-
cytes infected with macro (P=0) and microgameto-
cytes (P=0.03) in comparison with non- infected
RBCs. Furthermore, nucleus width of erythrocytes
infected with macro (P=0.001) and microgameto-
cytes (P=0.004) were significantly decreased. Length,
width and number of granules were 14.26 pm, 3.18
um, 23.86 pm and 11.91 pym, 3.13 pm and 8.43 um
in macro and microgametocytes, respectively. Table
2 showed the mean of length, width and number of
granules found in Haemoproteus spp. macro and mi-
crogametocytes.

Table 1. Length and width of infected and non- infected RBCs by Haemoproteus spp. in pigeons. Results are expressed as mean £ SD.

Non infected RBC . Infected RBC . In.fected RBC
with macrogametocytes with microgametocytes
Cell nucleous Cell nucleous Cell nucleous
Length (um) 13.4+0.7 6.7+0.5 14.24+1.3 6.6+0.6 13.7+0.9 6.7+0.4
Width (um) 6.7+0.6 3.06+0.3 7.6+0.5 2.6+£0.2 7.33%£0.5 2.6+0.2

Table 2. Length, width and number of granules of Haemoproteus spp. in pigeons. Results are expressed as mean + SD.

Length width No. granules
Macrogametocytes (pm) 14.2+1.7 3.1£0.4 23.849
Microgametocytes (um) 11.9+1.4 3.1+0.3 8.4£2.6

Fig 2. Amplification of Haemoproteus spp. DNA. Lane M is a 100-bp ladder. Lane P is a positive control DNA lane. Lane N is a nega-
tive control DNA lane. Lanes 1, 2, and 4 represent positive field samples. Lanes 3 and 5 represent negative field samples.

Molecular analysis

In 69 samples of these 108 examined samples, the
PCR was positive and a band of approximately 300bp
was seen on the agarose gel which considered as in-
fection with Haemoproteus spp. (63.8%) (Fig. 2). All
sequenced samples were found by BLAST analysis to
be closest to the Haemoproteus spp. gene in GenBank
with a similarity of > 98%.

Pathological findings

The gross pathological changes of the liver were
characterized by darkening and enlargement of the
organ. Histopathologically, focal hepatic lymphocytic
aggregations with variable sizes were seen in infect-
ed birds (Fig 3). Also, mild infiltration of heterophils
was seen in the aggregates in three samples. Based
on the number of aggregations, liver involvement was
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categorized in weak (1-3), moderate (4-7) and severe
(>7). One, five and six livers had weak, moderate and
severe lymphocytic aggregations. Furthermore, in the
most severe cases, accumulation of lymphocytes was
also seen in many sinusoids. Hepatic pigmentation
was detected in all infected pigeons. Yellow to dark
brown refractile intracytoplasmic particles were de-
tected in RBCs, endothelial cells, Kupffer cells, leu-
kocytes and hepatocytes (Fig 4). Cell swelling, mac-

rovesicular lipidosis, multifocal heterophilic hepatitis
(Fig 5) and telangiectasis were other findings. Hepatc
cirrhosis was diagnosed in one of the infected birds.
Fibrosis, biliary ducts hyperplasia, nodular regener-
ation of hepatocytes, pigmentation, lipidosis, diffuse
cell swelling and infiltration of heterophils, macro-
phages and lymphocytes were seen in this specimen.
Different microscopic lesions of livers and their fre-
quencies are presented in Table 3.

Table 3. Frequency of histopathological lesions found in liver of pigeons infected by Haemoproteus spp.

Histopathological lesions Frequency (%)

Focal lymphocytic aggregates 12 (33.3)

Pigmentation 12 (33.3)

Cell swelling 8(22.2)
Lipidosis 1(2.8)
Multifocal heterophilic hepatitis 1(2.8)
Telangiectasis 1(2.8)
Cirrhosis 1(2.8)

Total 36 (100)

Fig 3-5. Cross sections of pigeon’s liver infected by Haemoproteus spp. (H&E). (3) Tissue section indicating focal lymphocytic aggre-
gation. (4) Tissue section indicating hemozoin pigment in a Kupffer cell within a sinusoid. (5) Tissue section showing focal heterophilic

hepatitis.
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There were no obvious gross changes in kidneys,
but histopathological study showed multifocal non-

Fig 6. Tissue sections of pigeon’s kidney infected by Haemopro-
teus spp.. (6) Tissue section showing non- suppurative intersti-
tial nephritis with infiltration of mononuclear leukocytes (mainly
lymphocytes) between tubules (H&E).

Table 4 represents kidneys histopathological
changes with their frequencies. Pneumoconiosis was
diagnosed in the lungs. Table 4 represents pulmonary
histopathological changes and their frequencies. Var-
ious degrees of splenomegaly and darkening were
noted in spleens in gross study. Severe (6 samples)
and moderate (6 samples) hyperplasia of splenic
white pulp accompanied with pigmentation were de-
tected in 12 infected animals (Fig 7,8). Also, white
pulps contained lymphoid follicles that were dilated
or transformed into hyaline blocks. In heart of one in-
fected pigeon mild lymphocytic myocarditis was de-
tected. Brain, intestine and pancreas had no gross or
histopathological changes.

4 . " A %: . .
Fig 7 and 8. Cross sections of pigeon’s spleen infected by Haemo-
proteus spp. (H&E). (7) Tissue section with hemozoin pigments
(encircled) and few erythrocytes within the white pulp. (8) Tissue
section showing white pulp hyperplasia and hemozoin pigments
among red pulp.

In histopathological study of different tissues,
schizonts with variable shapes and sizes were detect-
ed in endothelium of microcirculation of livers, lungs,
kidneys and spleens in infected pigeons (Fig 9).

Fig 9. Schizonts of Haemoproteus spp. (stars) in the hepatic mi-
crocirculation of infected pigeon (short arrows show endothelial
cells) (H&E).

Table 4. Frequency of histopathological lesions found in different tissues (kidney, lung and spleen) of pigeons infected by Haemopro-

teus spp.

Tissue Histopathological lesions Prevalence (%)
Multifocal non suppurative interstitial nephritis 11 (84.6)

Kidney Suppurative interstitial nephritis 1(7.7)
Amyloidosis 1(7.7)
Total 13 (100)
Pneumonoconiosis 8 (100)

Lung Total 8 (100)
Pigmentation 12 (50)

Spleen White pulp hyperplasia 12 (50)
Total 100
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DISCUSSION

Throughout the world, the prevalence of H. colum-
bae in pigeons in different geographical locations
varies from 14 to 100 %. It has been reported to be
65.8 % infection in San Juan, Puerto Rico (Mclaugh-
lin 1968), 70.4 % in Izmir, Turkey (Tolgay & Cesit-
li, 1972), 76.5 % in Kampala, Uganda (Dranzoa et
al., 1999), 80 % from Sebele (Mushi et al., 2000), 57
% in wild pigeons of Ankara (Gicik & Arslan 2001),
37 % in domestic pigeons of Morogoro municipality
of Tanzania (Msoffe et al., 2010) and 17.47 % from
Ganbad, Golestan Province of North Iran (Yousse-
fi et al., 2010). Most of the current data on haemo-
sporidians, their distribution, vectors, parasite- host
interactions and seasonality of infections have been
collected primarily by microscopy (Atkinson & van
Ripper 1991; Valkitinas 2005). New molecular tech-
niques have been considered to improve the detection
of vector-borne blood parasites (Bensch et al., 2000;
Ricklefs & Fallon 2002; Waldenstorm et al., 2004).
Based on the results of the present study 34.2% of
pigeons were infected with Haemoproteus spp. macro
and microgametocytes by microscopic examination
while, semi-nested PCR method detected 63.8%. Tav-
assoli et al., (2018) examined 93 blood samples from
Iranian pigeons for Haemoproteus spp. In their study,
13 (13.97%) samples were positive in stained blood
smears for Haemoproteus spp. and 27 (24.73%) were
positive by PCR. Their results also revealed that PCR
had higher sensitivity in detecting Haemoproteus spp.
in pigeons. According to some studies, and based on
the results of the present study, PCR tests were ma-
ny-fold better than microscopy for detecting chronic
blood parasite infections (Jarvi et al., 2002; Durrant
et al., 2006). It has recently been shown that relative
to microscopy methods, the PCR- based molecular
methods generally provide higher estimates for Hae-
moproteus spp. (Garamszegi 2010).

It is known that after an initial acute phase of in-
fection by blood parasites, the host develops chronic,
low intensity parasitemia that is regulated by host cel-
lular and humoral immunity. Whereas high-intensity
acute parasitemias are typically easy to monitor and
quantify by inspecting blood smears (Valkiiinas et al.,
2008), the use of microscopy for diagnosing chron-
ic, low-intensity infections may considerably under-
estimate parasite prevalence (Jarvi et al., 2002). Our
results support conclusions of previous studies about
insufficient sensitivity of microscopy when parasite-
mia is low. The low numbers of Haemoproteus spp.
from microscopy samples may be explained mainly

by difficulties to detect the patent infections of this
haemosporidian genus during examining of blood
smears of exceptionally light infections when just a
few parasites are present in samples.

It is important to emphasize that, in most cases,
the identification of haemosporidian species occurs
through features observed by microscopy, such as the
erythrocytic stages, including the length, width, area,
size and number of hemozoin granules (Garnham
1966; Valkitinas 2005; Martinsen et al., 2006). There-
fore, this technique is still of great importance for the
diagnosis of haemosporidian and should continue to
be used together with molecular analyses.

In the present study histopathological changes of
different tissues of naturally infected pigeons were
investigated. Because schizogony does not occur in
erythrocytes, infections cannot be experimentally
transmitted by blood transfer and tissue transmission
attempts rarely have been successful (Bierer et al.,
1959). Host specificity, difficulties associated with
experimentally infecting birds, limiting the number
of feasible experimental models and few identified
vectors also have restricted laboratory studies on the
adverse effects of these parasites. Therefore, similar
to our study most of the research about Haemoproteus
spp. are based on natural infections. Histopathologi-
cal lesions associated with Haemoproteus species oc-
cur in the pre-erythrocytic stages, which result from
the formation of schizonts that can occur in a variety
of cell types, and their presence causes tissue dam-
age that may lead to the death of birds (Atkinson et
al., 1986, 1988; Cardona et al., 2002; Donovan et al.,
2008; Cannell et al., 2013). The following changes
have been reported as related to Haemoproteus spp.
infection: splenomegaly, hepatomegaly, multifocal
hemorrhages in liver and spleen, necrosis (hepatocel-
lular, liver, splenic, and cardiac), deposition of pig-
ment (in Kupffer cells, hepatocytes, and macrophages
of the lung and spleen), tissue displacement and in-
flammation (in the spleen, liver, lungs, and heart),
and the presence of megaloschizonts in the liver and
spleen, which were surrounded by a hemorrhagic in-
flammatory infiltrate composed of macrophages, het-
erophils, giant cells, and red blood cells (Atkinson et
al., 1988; Peirce et al., 2004; Donovan et al., 2008;
Cannell et al., 2013). Therefore, these results indicate
that the histopathological changes found in this study
may be related to Haemoproteus spp. But there were
some differences in our study. Our main difference is
the absence of megaloschizonts. Numerous uninucle-
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ar merozoites, which are asexual stages of spreading
with the vertebrate host, develop in exoerythrocytic
meronts. The latter develop mainly in the endotheli-
al cells and probably in fixed macrophages, while in
some species the meronts mature in myofibroblasts.
There are several generations of the exoerythrocyt-
ic development, during which the parasite gradually
adjusts to the host. In the present study the meronts
most frequently were found in livers of infected pi-
geons and less often in spleens, lungs, kidneys and
hearts and they were variable in shape and size. Al-
though most of the investigations have shown that the
lungs have the high level of schizonts. Also, in most
of the studies megaloschizonts of Hamoproteus have
been detected while none of the infected pigeons in
our study showed megaloschizonts. Albeit it should
be mentioned that Valkitinas (2015) believed that
some species like H. handai and H. mansoni (syn.
H. meleagridis) are able to produce huge meronts
in the endothelial cells of capillaries, in myofibro-
blasts of the skeletal musculature, in the heart mus-
cle, and sometimes in other muscular organs. Earle
et al., (1993) suggested that all species of Haemopro-
teus are probably capable of forming schizonts in a
variety of tissue and that the number of different tis-
sues containing schizonts depends on the density of
infection. In Dey et al., (2010) study comma shaped
schizonts of Haemoproteus spp. were found in liver
parenchyma accompanied with reactive cells. In their
study the schizont like structures was seen in liver
parenchyma which was surrounded by neutrophils.
Hepatic cords were found to disappear in the affected
area. The morphology of the schizonts identified here
as those of H. columbae resemble those described
in the literature by several authors including Bak-
er (1966). However, Earle et al., (1993) described a
range of morphological forms including megaloschi-
zonts, from what was claimed to be H. columbae from
a Bleeding-heart Dove in South Africa. As discussed
by Lederer et al., (2002), the host from which Earle et
al., (1993) described the schizonts is not endemic to
Africa, and no such forms have been described from
indigenous columbiform hosts. Thus, the conclusions
were drawn by Earle et al., (1993) should be interpret-
ed with caution as other parasites may have been in-
volved. Although large schizonts have been recorded,
the only true megaloschizonts confirmed for a species
of Haemoproteus based on controlled experimental
studies are for H. meleagridis in turkeys (Atkinson
et al., 1986). The status of schizonts in psittacid tis-
sues is unclear. Large megaloschizonts described

from tissues of imported psittacines in Europe were
initially thought to be an aberrant form of Leucocy-
tozoon, even though no blood forms were ever ob-
served (Walker & Garnham 1972; Peirce and Bevan
1977). However, subsequent studies suggested that
these large multilocular schizonts were in fact Besnoi-
tia spp. (Bennett et al., 1993; Peirce 1993). Schizonts
with similar morphology have been observed in Pied
Currawongs (Lederer et al., 2002). Overall, based on
the results of the present study it seems that we should
not expect megaloschizonts in pigeons infected with
Haemoproteus.

In the present study focal lymphocytic aggregates,
pigmentation, cell swelling and lipidosis were the his-
topathological findings in the liver. Nermean et al.,
(2016) claimed that liver histopathological chang-
es of pigeons infected with H. columbae revealed a
granuloma-like round cell infiltration formed mainly
of small lymphocytes, many plasma cells, and schi-
zonts of the parasite in and around the granuloma. As
a rule, granuloma refers to a mass consisting main-
ly macrophages and its related cells (epitheloid and
multinucleated giant cells), therefore it seems that in
fact, the intended granuloma in their study was lym-
phocytic aggregates. Histopathological findings of the
present study revealed pigmentation of liver, spleen,
kidney, and lungs. The hem groups released from the
digestion of the hemoglobin of infected red blood
cells are aggregated into an insoluble material called
hemozoin (Pagola et al. 2000). The a-hematin (fer-
riprotoporphyrin IX), which is toxic to the parasite,
is released during hemoglobin digestion. However,
and most possibly as a protection strategy, the para-
site transforms a-hematin into hemozoin (chemically
identical to B-hematin), a molecule with paramagnetic
properties (Orjih 2001). In the present investigation,
histopathological analysis of kidneys showed multi-
focal non-suppurative interstitial nephritis. Blockage
of vessels, destruction of renal tubules and nephritis
(consisting of granulocytes, macrophages and lym-
phocytes) were reported by Peirce et al., (2004) as
histopathologic findings of Haemoproteus spp. in-
fection. White pulp hyperplasia and pigmentation
were the main histopathological changes in spleens
of the infected pigeons of the present study. It should
be mentioned that Tostes et al., (2015) reported al-
terations such as disorganization, intense congestion
of the red pulp, hyperplasia, and hypertrophy of mac-
rophages, brownish pigmentation, and splenic cords
transformation into fibrous bands in caracaras infect-
ed with Haemoproteus spp. In the present study heart
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of one infected pigeon showed mild lymphocytic
myocarditis. In the study of Tostes et al., (2015) there
were signs of myocardial and pericardial congestion
in tissue sections of the hearts of infected caracaras.
Overall, based on the molecular method 63.8% of
pigeons were infected with Haemoproteus spp.. By
comparing the pathological lesions of the present
study with the results of other investigations, some
similarities and differences were found. The differ-
ences may be related to different species of parasite,
different hosts or even misdiagnosis of lesions. Fo-
cal lymphocytic aggregates, pigmentation and cell
swelling were the main histopathological lesions in
infected livers. Multifocal non- suppurative intersti-
tial nephritis, pigmentation and splenic white pulp hy-
perplasia were also seen in the infected pigeons. Mild

lymphocytic myocarditis in the heart of one pigeon
was the other finding. No histopathological changes
were seen in brain, intestine, and pancreas. Schizonts
with variable shapes and sizes were detected in in-
fected livers, lungs, kidneys, and spleens but mega-
loschizonts were not found. The main finding of this
study was the absence of megaloschizonts of parasite
in different infected tissues.
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ABSTRACT. Immune assays were taken into consideration to diagnose and quantify metabolites such as antigen
and antibody. Enzyme-Linked Immunosorbent Assays (ELISAs), which are used to detect antigens and antibodies,
generated several periods of infectious and vaccination conditions. There is an extensive range of commercial infec-
tious disease ELISA kits useful for the detection of human and animal IgG, IgA, IgM antibodies and microorganism
antigens. Anthrax is one of the serious infectious diseases caused by rod-shaped, gram-positive bacteria known as
Bacillus anthracis. Subunit or attenuated vaccines applied against anthrax disease increase the antibody against the
Protective Antigen (PA) which has a critical role as a toxin of B. anthracis. Herein, the ELISA was developed using
PA domain 4 and anthrax Lethal Factor to detect IgG antibody in serum. Besides, the level of anti-LF antibodies were
determined as a complementary test to measure variance in antibody titers associated with vaccination or infection that
leads to detection of anthrax in livestock. The results show that we developed high-quality ELISA kit that can be used
to test immunogenicity of vaccines and infections in mice. We tried to develop the Anti- PA4 ELISA kit and conduct
the validation studies to evaluate the fluctuation level of the antibody in the anthrax vaccine and distinction between
disease and vaccination in mice.
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INTRODUCTION
Enzyme-linked Immunosorbent Assays (ELISAs)
as an immune assays approach are applied to
detect antigens and antibodies throughout the infec-
tious and vaccination situation. Nowadays, a broad
range of commercial ELISA kits is being utilized to
detect human and animal IgG, IgA, IgM antibodies
and microorganism antigens. Since its discovery 80
years ago, the live attenuated Sterne strain (34F2) of
B. anthracis has been successfully used as the pre-
dominant method to immunize livestock against an-
thrax, leading to the control of several positive cases
of anthrax in different species (Tadayon et al., 2016).
The mechanism employed by such vaccines is to trig-
ger the immune system against the protective antigen
(PA) of the B. anthracis (Dumas et al., 2017). Anthrax
toxin is composed of protective antigen (PA), lethal
factor (LF) and edema factor (EF). All of which play
a significant role in boosting the immune system’s re-
sponse to such vaccines; however, the PA (among the
three component PA, LF and EF) is the most effec-
tive factor in increasing the immunogenicity in B. an-
thracis toxin (Zai et al., 2016). Although the existing
vaccines such as AVA are safe and effective, there has
been a surge in the need for anthrax vaccines due to
the increased terroristic attacks in the recent decades.
Furthermore, the prevalence of such bacteria among
humans has highlighted the necessity of research and
developing methods of producing subunit vaccines
(Malik et al., 2018). PA is one of the most import-
ant antigens in the anthrax which is used in the de-
sign of vaccines and several commercial diagnostic
kits. It plays a key role in the pathogenesis of B. an-
thracis, and if the antibody against PA is produced, it
can prevent the binding of PA to the cell surface, and
eventually the function of B. anthracis toxin will be
impaired{Male, 2017 #109} (Goldsteinet al., 2017).
The anthrax PA is a four-domain protein that each part
plays a specific role (Male et al., 2017). The fourth do-
main maintains the structure and binding to the host
receptor Capillary morphogenesis protein 2 (CMG2)
which leads PA to bind to the cell. So the PA domain 4
(PA4) has a critical role in the function of PA and the
toxin of B. anthracis (Mamillapalli et al., 2017). Sub-
unit vaccines or attenuated vaccines applied against
anthrax disease increase the immune systems’ anti-
body against the PA. Therefore, the cornerstone of a
vaccine showing its protection and efficacy in curbing
the disease is the power of antibody applied against
the PA (Sim et al., 2017). {Sim, 2017 #113}

Testing the potency of anthrax vaccine entails us-

ing a virulent strain of B. anthracis so that the real
immunization of the vaccine would be determined
(Moazeni et al., 2007). Conducting bioassay and le-
thal challenge on laboratory animals with the viru-
lent strain entails the use of specialized containment
equipment including class-3 facilities, proper envi-
ronment and special laboratory tools. Such facilities
are not available everywhere (Milleret al., 2012). On
the other hand, testing the immunization of a vaccine
in field and clinical studies entails the adoption of a
safe and simple method (Ionin et al., 2013). The exist-
ing ELISA kits measure the practicality of antibodies
against PA. The amount of antibody produced against
PA shows the stimulated cases, (human or animal)
possibility of exposure to the microorganism or the
vaccination (Laws et al., 2016). However, determina-
tion of the subjects’ exposure to the microbe or vac-
cine is not possible with the available ELISA kits.

Studies show that the most specific antibody
against the B. anthracis is the antibody produced
against the PA4. That is because the generated an-
ti-PA4 prevents PA’s binding to the receptors in the
cell surface and consequently prohibits the LF and
EF from entering the cell and causing the disease.
Therefore, measuring the titer of anti-PA4 following
the injection of PA4 to mice can provide a safe and
simple method to show the potency of such vaccines
(Williamson et al, 2015). On the other hand, the use
of the PA4 in the ELISA kit design can be indicative
of an effective immune response against the disease
as compared to other commercial types.

The present study tries to use the new recombinant
antigen PA4 to survey the pattern of humoral immu-
nity responses kinetically. It is done after the injection
of AVA, Razi anthrax vaccine and PA4 antigen with
aluminum hydroxide adjuvant. In order to differen-
tiate the infection caused by the B. anthracis and the
immunity obtained from injecting several anthrax
vaccine, virulent strain B. anthracis (17JB) with a sub
lethal dose was used to survey the rise of produced
antibody against PA4 and LF. The Anti-PA4 ELISA
was developed and the validation studies were con-
ducted to evaluate the antibody titer in the anthrax
vaccine in mice. The validation purpose of this ap-
proach is to show that such method suits our study.
All of the needed instructions have been followed to
validate the study based on the international Confer-
ence of harmonization (ICH). (Pombo et al., 2004).
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MATERIALS AND METHODS

Antigens and Vaccines

The new recombinant PA4 and the LF antigens
were supplied from Razi Vaccine and Serum Research
Institute’s Immunology Department (Karaj, Iran) and
kept at the temperature of -70 °c. The AVA vaccine
was supplied from Biothrax Company. The Razi an-
thrax vaccine, which is a B. anthracis live spore vac-
cine, and the B. anthracis strain 17JB were supplied
from Razi Vaccine and Serum Research Institute.

Reference Serum

The domestic reference serum dubbed ‘Pool’ used
in the research as the PA4 antigen (25 pg) was mixed
with the aluminum hydroxide adjuvant 2.5% V/V,
which was diluted 1/10 with PBS, and 0.25mL of
the mixture was injected subcutaneously to ten mice
Balb/c in the timespan of thirty days. The blood sam-
pling was conducted in the weeks 1, 2, 4, 6, 8, and
10 and the serum was collected afterwards. The se-
rum attained from 3 mice with the most OD (>2.5)
during those dates was selected and mixed together.
The serum pool of its antibody was conventionally set
as 800 EU/mL. It was divided into 0.2 mL micro tubes
and kept at the temperature of -70 °C (Pombo et al.,
2004).

Samples

Experimental Balb/C mice were allocated into five
groups, each containing ten animals. Mice of the first
three groups were treated in the days 1 and 15 with
0.25mL AVA vaccine, 0.25mL of The Razi Anthrax
vaccine and 25p1g PA4 antigen with aluminum hydrox-
ide adjuvant, respectively. The fourth group contains
the virulent strain of B. anthracis (17JB) in which 150
B. anthracis live spore was injected subcutaneously;
the sampling was carried out on third and fifth weeks.
For the last group, Normal Mouse Serum (NMS) was
applied to be used as a negative control (Xiang et al.,
1994). All serums kept at the temperature of -70 °C.
All experimental protocols were conducted according
to the principles described in guidelines for care and
use of laboratory animals and approved by the Re-
search and Ethics Committee of Babol University of
Medical Sciences (MUBABOL.REC.1395.175).

ELISA for anti-PA4 and anti-LF antibody
measurement

A checkerboard titration was carried out to settle
the optimum antigen concentration and conjugation
was diluted by blocking buffer just before being used

in the ELISA. Antigen concentrations considered in
the study included 200 ng/well of PA4 and 100 ng/
well LF in 0.05 M Carbonate-Bicarbonate, and pH
9.6 that were coated on 96 well ELISA plates (Jet
bio, Canada) and incubated overnight for 24 h at 4°C
(amount of proteins were determined by Bradford as-
say). Plates were washed once with phosphate buft-
ered saline (PBS) and then they were blocked with
200 pL/well of 3% skimmed milk (Sigma) for 24 h at
4°C. After washing once with PBS, the plates were in-
cubated with 100 pl/well controls and test samples at
a dilution of 1/80 in the dilution buffer (3% skimmed
milk) for 2 h at 37°C. Each serum sample was tested
in triplicate. The wells were again washed for four
times with PBS and incubated with 100 pL/well An-
ti-mouse IgG HRP (Sigma USA) diluted to 1:40,000
in the dilution buffer and incubated at 37°C for 2h.
Finally, washed for five times with PBS, unbound an-
tibodies were removed and the bound antibodies were
detected virtually after 15-20 minutes in the dark us-
ing 100ul of 3,3°,5,5’-tetramethylbenzidine (TMB),
containing hydrogen peroxide (Sigma) as the sub-
strate along with H,O,. The reaction was stopped by
adding 50ul of HCL 5.8% and absorbance was read
in wavelength 450 nm against 630 nm second filters
in an ELISA reader (Stat Fax. USA) and ELISA value
was obtained (Ndumnego OC et al., 2013). All wash-
ing steps were carried out with micro plate washer
(STAT FAX, USA).

Linearity

A total of seven serum samples of varying anti-
body concentrations, S1 through S7, were used for the
assessment of linearity. The S1 is the domestic refer-
ence serum ‘Pool’. Of the S1, the samples S2 through
S7 were attained with dilutions of 1/2 to 1/64. The
NMS was used for the dilution of all samples. All
samples, S1 to S7, were put in three different plates
in triplicate. As per protocol, the amount of anti-PA4
in all samples was obtained based on optical densi-
ty (OD). The curve linearity was obtained from the
analysis of the empirically observed log10 amount of
antibody in the samples and finally was reported as
EU/mL. Through the attained results, the P-value, the
correlation coefficient, the y-intercept and the slope
of the regression line were calculated (Semenova et
al., 2017).

Accuracy
To perform the accuracy test, the samples S1, S3,
S5 and S7 were used. In this test, coating was carried
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out according to paragraph 2.5; the amount of an-
ti-PA4 was assessed based on OD and reported as EU/
mL. The accuracy is expressed as percent recovery
and is calculated with the following formula: Mean
estimated unitage per mL / assigned unitage per mL
x 100.

The calculated concentration from each sample
shows the average geometrical estimation based on
the S1 which is corrected by the dilution of each sam-
ple (Pombo et al., 2004).

Precision

The assessment of repeatability (Intra-plate, In-
ter-plate, and Intra-day) and intermediate precision
between the days and analysts was conducted accord-
ing to the definitions ICH. Precision was determined
using three samples namely S1, S3 and S5 which were
in accordance with linearity tests. In this stage, coat-
ing was also conducted according to paragraph 2.5.
Based on the protocol, the amount of anti-PA4 was
measured independently by two analysts in three con-
secutive days and then the average OD was assessed
for each sample. Finally, the results were expressed in
EU/mL and the results of OD for each sample were
calculated by %CV (SD/meanx100) (Semenova et al.,
2012).

Quantification Limit (LOQ)

To perform this test, three samples namely S5, S6
and S7, which indicated a low concentration of the
antibody, were used. Coating was conducted accord-
ing to paragraph 2.5. According to the protocol, the
amount of anti-PA4 was measured based on OD in
three non-consecutive days within an eight-day peri-
od. The average OD was calculated for each sample
and at the end, the antibody was reported by EU/mL
for each sample. The results of OD were assessed by
%CV (SD/meanx100) (Ghosh et al., 2015).

Detection Limit (LOD)

Detection limit (LOD) was obtained using two
NMS serums with the dilution of 1/80 and each sam-
ple was divided into two different plates in triplicate.
Anti-PA4 was measured based on OD according to
ELISA protocol in five non-consecutive days in a
two-week period. The LOD was estimated by inter-
polating the mean of all 68 OD values, plus standard
deviations. The LOD was calculated by the following
formula: Mean (OD) + 3SD; then, it was reported in
EU/mL (Ghosh et al., 2015).

Specificity

To perform this test, besides the Pool and NMS se-
rums, other serums namely Foot-and-mouth Disease
(FMD), Pasteurella (PAS), Agalactia (AG) and diph-
theria pertussis (whooping cough) and tetanus (DTP),
which were obtained in previous studies, were used.
Three different dilutions (1/80, 1/160 and 1/320) were
prepared from each sample using the NMS serum.
The serums were put in two separate plates and ELI-
SA value was obtained. Only one dilution (1/80) was
used for NMS.

Competitive Inhibition ELISA

To determine the specificity of the measurements
performed by ELISA, competitive inhibition ELISA
(CI-ELISA) has been developed based on the qual-
ified anti-PA4 IgG ELISA. The CI-ELISA was per-
formed by using following modifications of the stan-
dard ELISA procedure. 96-well polystyrene plates
(Jet bio, Canada) were coated at 4°C for 24h with 200
ng/well PA4 antigen in 0.05 M carbonate-bicarbon-
ate buffer (pH 9.6) per well. The plate was washed
once with phosphate buffered saline (PBS). After the
blocking with 200 ul skimmed milk %3 at 4°C for 24h
and washing once, 100 ul of 1:80 dilution serum and
780 pg to 800ng of PA4 were added and incubated at
37°C for 2h. limiting concentration was determined
empirically by the titration of anti-PA4 in standard
ELISA. The wells were washed four times with PBS
and incubated with HRP anti-mouse immunoglobulin
G (Sigma, USA.) at 37°C for 2h. Finally, wells were
washed five times with PBS, 100 of substrate buffer
containing TMB per mL was added, and the mixture
was incubated for 15-20 min. In the follow-up step
of ELISA, reactions were stopped by adding 50ul of
Hcl5.8%, and the optical density (OD) at 450 nm and
630 was determined and ELISA value was obtained.
(Ndumnego et al., 2013; Mitic et al., 2016).

Comparing the amount of antibody against PA4
and LF antigens in the vaccinated mice with the
mice injected with virulent strains of B. anthracis

The two antigens PA4 (200ng) and LF (100ng)
were coated in two separate plates to compare the an-
tibody against the LF and PA4 in sera of the vaccinat-
ed mice and the mice injected with virulent strains of
B. anthracis. Tests were performed in duplicate.
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RESULTS

Performance Characteristics of the Anti-PA4 IgG
ELISA

The assessment of Antibody development pattern
proved that all vaccinated mice had anti-PA4 as deter-
mined by ELISA, with ELISA values which gradually
increased until week 4, then slowly declined (Figure.
1). Antibodies were detectable by 2 to 4 weeks after
vaccination (Figure. 1). Sera from the NMS did not
develop titers by ELISA (Figure.1).

3_
E 2 6
§ 1 — MNMS
= T -+ AVA
8 14 | € Alum+PAd
1 - Razi Vaccine
0 — T

N B B % B

weeks after vaccination

Fig. 1. Antibody levels in vaccinated and NMS mice as deter-
mined by ELSA. Open symbols indicate vaccinated mice, and
solid symbols indicate NMS mice. Vaccinated mice were inoc-
ulated with PA4 antigen plus adjuvants, Razi Vaccine and AVA
subcutaneously.

Linearity
After calculating the logl0, the obtained OD val-
ues from all of the samples, S1 through S7, showed

that the curve in the range 14-892 EU/mL was com-
pletely linear and the values showed to be as follows:
= 0.9628, P- value < 0.005 and Y=ax + b ( Y=
0.9601x+b) (Figure.2).

r 3.0
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Fig. 2. Linearity curve. EU/mL of seven dilutions of S sera (the
pool as domestic reference serum) are plotted against varied dilu-
tion (1:2, 1:4, 1:8, 1:16, 1:32, and 1:64). Each point represents the
estimated EU / mL of each unit that was tested three times.

Accuracy

The accuracy results in Table-1 are stated in the
form of percent recovery. To perform the test, the
range between 16-1000 EU/mL was studied and the
percent recovery came out to be between 90-117%.
The resulted percent fits the validation criteria accord-
ing to Table 2.

Table 1. Accuracy assessment. The accuracy results are stated in the form of percent recovery.

Replicates Target sample (EU/mL)
S1 (1000) S3 (250) S5 (62.5) S7(16)
% % % %
Recovery Recovery Recovery Recovery
Plate 1 1 943 100 82 110
2 95 101 84 117
3 112 102 93 120
Plate 2 1 104 100 90 130
110 108 92 120
3 108 110 90 114
Plate 3 1 93 103 90 130
103 100 103 100
3 102 103 89 110
Mean 102.36 103 90.33 116.77
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Table 2 .Acceptance criteria and characteristics of the anti-PA4 mouse ELISA. To perform the test, the range between 16-1000 EU/
mL was studied and the percent recovery came out to be between 90-117%.

Assay characteristic Acceptance criteria Results
Prescision-repeatability %CV <20 %CV <137
Intra-plate %CV <15
Inter-plate %CV <12
Intra-day
Intermediate prescision %CV <25 %CV <18
Days %CV <30 %CV <7
Analysts
80 - 120% 90 - 117%
Accuracy Recovery Recovery
Limit of detection (LOD) - 7 EU/mL
Limit of quantitation (LOQ) - 14 EU/mL
Linearity - Working range:
27 - 892 EU/mL
r*=0.96

Table 3. Specificity. To perform this test, besides the Pool and NMS serums, other serums namely Foot-and-mouth Disease (FMD),
Pasteurella (PAS), Agalactia (AG) and diphtheria pertussis (whooping cough) and tetanus (DTP) were used.

Elisa values

Sample Pool Dilution in well Plate 1 Plate 2
1:80 99.192 92.419
1:160 77.943 80.846
1:320 67.096 61.935
FDM 1:80 1.251 0
1:160 0 1.221
1:320 1.114 0
AG 1:80 1.212 0
1:160 1.231 1.212
1:320 0 0
PAS 1:80 1.123 1.232
1:160 0 1.253
1:320 0 0
DTP 1:80 1.232 1.235
1:160 1.321 1.123
1:320 0 1.232
1:80 0* 0*

*Mean of four Elisa values

Precision, LOD, LOQ

In order to survey the precision, the range be-
tween 55-850 EU/mL was calculated by the formu-
la: (S1=850EU/mL, S3=214EU/mL, S5=55EU/mL).
For the assessment of precision-repeatability, all OD
values were calculated based on %CV and the values
obtained as %CV< 14 in the intra-plate, %CV<15 in
inter-plate and %CV< 12 in the inter-day. All of the
results fit the validation criteria which is mentioned

in Table 2. To assess the Intermediate-precision, all
of the OD values were also calculated based on %CV,
with the values standing at Days %CV< 18 and Ana-
lyst %CV< 7, all of which fit the validation criteria. To
determine the LOD, we followed the 2.12 paragraph
which led to the assessment of 7 EU/mL. The assay
of LOQ was conducted between 14-58 EU/mL (S5=
58EU/mL, S6=27EU/mL, S7= 14EU/mL). All of the
OD values were calculated based on %CV, showing
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the value of %CV< 17 in all Inter-plate, Intra-plate
and Intra-day precision, which fits the validation cri-
teria. But, in Inter-day, the value of S7=14EU/mL
%CV< 26 was obtained, which is not compatible with
the criteria. Therefore, although the curve linearity in
the 14-895 EU/mL is linear, the lowest amount of an-
ti-PA4 which could be measured by ELISA method is
shown to be 27 EU/mL.

Specificity

In Table-3, the increase of ELISA value was only
observed in the Pool sample in all three dilutions of
1/80, 1/160, and 1/320 whilst other samples did not
reveal any increase. So, the results of this table show
that the anti-PA4 is completely specific and does not
have any cross-reaction with other antigens. (Table 3)

Comparative analysis of anti-PA4 IgG

A competitive inhibition ELISA (CI-ELISA) was
developed based on the qualified anti-PA4 ELISA.
The aim of the CI-ELISA was to increase the speci-
ficity of the ELISA by reducing the incidence of false
positives.

The PA4 was used to prove the ability of binding
the antibody to antigen coated to the plate. This dia-
gram shows that Anti-PA4 reacts with PA4 in a lig-
uid-phase, and the PA4 antigen existing in the serum
competes with the PA4 antigen coated in the plate on
binding with the antibody; this leads to the reduction
of ELISA value.

That means, the lower the PA4 in the serum, the
more ELISA value will be, and the more it becomes,
the less the ELISA value will get. The results of the
study shown in Figure. 3 prove this claim.

3
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Fig. 3. A competitive inhibition ELISA (CI-ELISA). In the se-
rum sample with the lower amount of PA4 antigen (0.78 ng) and
the serum sample with the greater amount of PA4 antigen than
the rest of the samples (800 ng), the highest ELISA value and the
lowest ELISA value were observed respectively.

Comparing the amount of antibody against PA4
and LF in the vaccinated mice and the mice
injected with virulent strain

We show that groups of AVA and Razi anthrax
vaccine serums contain antibodies against the PA4
and LF but the Pool serum only has anti-PA4 whilst
the NMS and B. anthracis 17JB groups lack such an-
tibodies. Therefore, the results indicate that the mice
having received the anthrax vaccine produce the an-
tibody against the PA4 and LF after the third week
(Table 4). Those injected with the strain 17JB only
produce the detectible antibodies against LF after the
fifth week. (Table 5),

Table 4. Comparing the amount of antibody against PA4 and LF in vaccine groups. A standard ELISA was performed for Anthrax
vaccine adsorbed (AVA), Razi anthrax vaccine, Pool sera, NMS sera against anti PA4 and anti LF antigens. The ELISA value was

significantly different between them.

Sample Dilution in well Elisa values

PA, coating LF coating
AVA 1:80 25.403 21.37
Anthrax vaccine 1:80 28.225 24.193
RAZI
Pool 1:80 97.983 0
NMS 1:80 0* 1.123*

*Mean of four Elisa values
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Table 5. Comparing the amount of antibody against PA4 and LF in 17JB group. In order to detect antibody against PA4 and LF
antigens, standard ELISA was performed for two groups of 17JB and NMS in the 3th and 5th weeks after the injection of strain 17JB.
The Elisa value (after 5 weeks) was significantly different between them.

Sample Dilution in well Elisa value after 3 weeks Elisa values after 5 weeks
PA, coating LF coating PA, coating LF coating

17JB 1:80 0 1.209 1.151 17.195

NMS 1:30 0* 1.123* 1.021%* 1.054*

*Mean of four Elisa values

DISCUSSION

The research conducted on the humoral immune
response of the anthrax vaccines show that the role
of anti-PA is the main factor of the vaccine’s efficacy
(Chen L, 2014). Therefore, future studies can look at
this parameter more specifically to prove the immu-
nity effects of the anthrax vaccine (Reuveny et al.,
2001). The common ELISA kits have been monitored
by full structure of PA. However, in an examination,
the antibody measured is based solely on an important
domain of PA (named PA4). The anti-PA4 can be an
effective factor in the monitoring of the humoral im-
mune response of all three existing vaccines against
the B. anthracis (Flick-Smith et al., 2002).

To obtain the WHO and FDA license for manu-
facturing such vaccines for humans and animals, re-
searchers need to survey the humoral immunity re-
sponses or anti-PA. In this study, we have developed
an ELISA method detecting anti-PA4 (Weiss et al.,
2007). All of the parameters have been assessed to
validate the mentioned methods, and the results of the
study show their validity for studying humoral immu-
nity responses. As the study indicates, the coated PA4
antigen in the well plates did not cause any unspecific
reaction against other livestock diseases as mentioned
in Table 3. Moreover, through other validation tests,
this test can be conducted in all laboratories by dif-
ferent researchers and bear the most accurate results.
According to Table 4, using this method, the produced
antibodies following the injection of anthrax vaccines
in mice can be measured and the kinetic answers for
future studies can be found. Although the most sen-
sitive animal for such processes is guinea pig, using
mice has several other advantages namely the con-
venience of testing and their abundance which make
researchers forgo some of the disadvantages (Pombo
et al., 2004).

One of the significant points in the application of

this method, according to table 4 and 5, is that we
created a model of anthrax disease in the mice via
injecting the 17JB strain and measured the produced
antibody against PA4 and LF, then compared it with
the vaccinated groups. The positive control shows the
increase in the antibody against PA4 and LF in the
vaccinated groups despite what was shown in the dis-
ease groups.

Previous studies show that the amount of anti-PA
in animals suffering from anthrax in the form of a skin
disease has been increased. Therefore, the method, in
which Anti-PA4 did not increase in comparison with
the vaccinated group, can be a good option for screen-
ing cases suspected with infections from the vaccinat-
ed ones (Baillie LW et al., 2010; Ingram et al., 2010).
The increase of anti-PA in the disease groups could
be due to the presence of antibody against other PA’s
domains, which needs further studies. In addition, an-
other reason for such diseases can be lack of PA in a
pathogenic form (Ingram et al., 2010).

Although the performed studies represented that
the levels of antibody increased against LF in the fifth
week and this can be the point of difference between
negative control and 17JB groups, the disadvantage
of the described method is that it is not capable of dis-
tinguishing between the negative control group and
the 17JB group during the first three weeks.

CONCLUSION

Through the validation tests carried out on this
ELISA method, we showed that the detection range
of the anti-PA4 can be 27- 892 EU/mL. We also be-
lieve that this ELISA method can be adopted in other
laboratories in order to assess the immunity responses
and differentiation of disease from vaccination after
the first month. At the end, we can use this method as
one of the alternative potency tests.
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ABSTRACT. The systemic inflammatory response syndrome (SIRS) is a common cause of mortality in dogs. This
study aims to investigate the diagnostic value of markers C-reactive protein (CRP), soluble urokinase-type plasmin-
ogen activator receptor (SuPAR) and neopterin in dogs with SIRS. The materials of the study consist of 30 dogs with
SIRS and 15 healthy dogs that show no clinical symptom, 45 dogs in total. CRP, suPAR and neopterin levels of the
serum samples were determined by ELISA using commercial kits. In the study, it was found that CRP, suPAR and ne-
opterin levels of dogs with SIRS were significantly higher (P < 0.001, P < 0.01 and P < 0.01, respectively) than those
in the healthy group. The cut-off values for the healthy dogs and dogs with SIRS for CRP, suPAR and neopterin were
determined to be 11.20 mg/L, 223.68 ng/L and 3.23 nmol/mL, respectively. At these cut-off values, sensitivity levels
were determined as high (92.90%) for CRP, moderate (63.30%) for neopterin, and low (53.30%) for suPAR, and high
specificities (93.30%) were determined for all.

In conclusion, it was determined that CRP showed the best performance for the detection of systemic inflammatory
response in dogs and neopterin and suPAR could be used as an alternative to CRP. It was also argued that further studies
were necessary in order to determine diagnosis and prognosis of diseases.
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INTRODUCTION

ystemic inflammatory response syndrome (SIRS)

is an immune response against infectious or
non-infectious factors (Spapen et al., 2006). Two or
more criteria in the findings of body temperature >
39.4°C or < 37.8 °C, heart rate > 140 beat/minute, res-
piration rate > 20/minute, leukocyte > 16.0 x 10°/L or
< 6.0 x 10°/L and > 3% band formation are to be found
in order to diagnose SIRS (Torrente et al., 2015). Sep-
sis is defined as the SIRS developed against infections
and is indicated as the most notable cause of death in
infectious diseases (Alberti et al., 2003; Martin et al.,
2003). Although clinical and diagnostic tests are used
in human and veterinary medicine, more sensitive
tests are required (Spapen et al., 2006; Nakamura et
al., 2008; Mylonakis et al., 2011; Ok et al., 2015; Tor-
rente et al., 2015). Especially in veterinary medicine,
the biomarkers that show diagnostic and prognostic
values of SIRS or sepsis are not sufficient.

Recent studies state that acute phase proteins can
provide diagnostically and prognostically signifi-
cant information in monitoring SIRS in infectious
or non-infectious patients. Acute phase proteins are
liver-based glycoproteins formed as a result of acute
phase response. Acute phase proteins are called as
positive or negative depending on increase (such as
C-reactive protein and serum amyloid A) or decrease
(such as albumin and transferrin) in their levels during
inflammatory states. Acute phase response is a natural
defense mechanism that plays a part in limiting the
tissue damage and in stimulating recovery after trau-
ma, infection or inflammation (Eckersall and Conner
1988; Tothova et al., 2014). Different researchers
reported that C-reactive protein (CRP), which gives
non-specific immune responses during the monitoring
of infectious diseases, could be used in the diagnosis
of infectious diseases. CRP is a liver-based glycopro-
tein formed as a result of acute phase response. In the
studies on veterinary medicine, it was stated that se-
rum CRP, one of type-specific acute phase proteins,
may yield significant information in evaluating the
clinical presentation of diseases in dogs (Christensen
etal., 2014; Ok et al., 2015).

The soluble urokinase-type plasminogen activator
receptor (suPAR) is a potential biomarker reported
for inflammatory diseases. suPAR is released from
neutrophils, endothelial and peripheral mononuclear
blood cells and take part in various immune functions
such as cell adhesion, migration, differentiation and
proliferation. Increased suPAR levels are known as

the determinant of the activation of immune and in-
flammatory systems, and have prognostic values in
various diseases (Kofoed et al., 2008; Eugen-Olsen,
2011). Although it was reported that suPAR might
have had diagnostic values in sepsis, lung and malig-
nant diseases (Stephens et al., 1997; Wittenhagen et
al., 2004; Eugen-Olsen 2011) no study related to dogs
with SIRS in veterinary medicine was found in the
literature surveys.

Neopterin  [2-amino-4-hydroxy-6-(D-erythro-1",
2’, 3’-trihydroxypropyl)-pteridine] is a low molecular
weight molecule belonging to the class of pteridines
which biosynthetically derives from guanosinetriphos-
phate (Murr et al., 2002). Neopterin is synthesized by
monocytes and macrophages as a result of stimulat-
ing interferon-gamma (IFN- y) released from active T
lymphocytes. Neopterin is the sensitive determinant of
cell-mediated immunity (Murr et al., 2002; Cesur et
al., 2014). Neopterin release commences 3 days be-
fore T cell proliferation reaches the maximum level.
Neopterin production increases 1 week before specific
antibodies emerge. For this reason, neopterin is shown
as an indicator of early inflammation (Millner et al.,
1998; Berdowska and Zwirska-Korczala 2001). It was
determined in the studies on human medicine that
neopterin levels rise in viral infections, autoimmune
diseases, inflammatory and malignant diseases (Ber-
dowska and Zwirska-Korczala 2001). It is known that
neopterin can be used as an indicator in determining
the cellular immune response that plays a part in the
pathogenesis of various diseases (Murr et al., 2002;
Cesur et al., 2014) however, there are very few studies
on this matter in the field of veterinary medicine.

It is important to determine reliable test methods
that provide information in evaluating diagnosis and
prognosis of patients with SIRS. The purpose of this
study is to determine CRP, suPAR and neopterin lev-
els of dogs with SIRS.

MATERIALS AND METHODS

Study design and animals

The animal material of the study consisted of 30
(18 females, 12 males) dogs, which were of different
species and gender diagnosed with SIRS by clinical
symptoms and haematological findings upon having
been brought to the Internal Diseases Clinic of the
Faculty of Veterinary Medicine of Sivas Cumhuriyet
University for examination and treatment, and 15 (8
females, 7 males) healthy dogs, which showed no dis-
ease symptom.
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The appetite, body temperature, heart rate, respi-
ration rate, respiration type, capillary refill time, de-
hydration degree, changes in mucous membrane co-
lour and mental status of dogs were examined. By the
evaluation of clinical and haematological findings,
the dogs diagnosed with SIRS were considered as the
patient group of the study.

The study included dogs with at least two of the
criteria below for SIRS diagnosis (Torrente et al.,
2015).

Body temperature > 39.4 °C or <37.8 °C
Heart rate > 140 beat/minute
Respiration rate > 20/minute

Leucocyte > 16.0 x 10°/L or < 6.0 x 10°/L and >
3% band formation.

10 ml blood samples in total from each dogs were
taken from Vena cephalica antebrachii into tubes with
anticoagulant (potassium EDTA) and no anticoagu-
lant. Haematological parameters (reference value of
leucocyte was taken as 6.0-16.0 x 10°/L) were deter-
mined by the automated haematology analyser (BC-
2800 Vet haematology analyser Mindray Bio-Medi-
cal Electronics Co., Ltd. Nanshan, Shenzhen). Serum
samples were obtained by centrifuging for 10 min-
utes at 3000 rpm the no anticoagulant blood sample
in sterile plastic tubes. These samples were stored at
-80°C until the biochemical analysis. CRP (Tri-Del-
ta Phase Canine CRP, Tri-Delta Diagnostic, Boonton
Township, NJ), suPAR (Canine suPAR ELISA Kit,
Yehua Biological Technology Co. Ltd, Shanghai) and
neopterin (Canine Neopterin ELISA Kit, Yehua Bio-
logical Technology Co. Ltd, Shanghai) levels of the
serum samples were determined in the ELISA reader
(Thermo Multiskan GO Microplate Spectrophotom-
eter, Waltham, Massachusetts) by using commercial
kits by the sandwich enzyme immunoassay method.
The intra and inter assay coefficient of variation of
CRP was reported by the manufacturer as 6.5-6.9%
and 7.8-8.2%, respectively. The assay manufacturer
reported that the assay range of suPAR was 5-2000
ng/L, sensitivity 2.43 ng/L, and intra and inter assay
precision coefficient of variation <8% and <10%, re-
spectively. The measurement limit of the neopterin
assay is 0.2-60 nmol/ml, sensitivity 0.11 nmol/mL,
intra and inter assay coefficient of variation <10% and
<12%, respectively. The study protocol was approved
by the Ethics Committee of Sivas Cumhuriyet Uni-
versity, Turkey (Approval No: 2016/36).

Statistical Analysis

The data were analyzed by using statistical package
for the social science-15 (SPSS-15). Analysis of data
from 45 dogs randomly selected among patient dogs,
as identified by clinical and laboratory methods, and
healthy dogs, revealed a statistical significant differ-
ence between the groups. The data were presented as
mean and standard error of the mean (SEM). The data
distribution was evaluated by Kolmogorov-Smirnov
test. Comparisons between groups were made by con-
ducting T test for continuous variables with a normal
distribution, whilst variables with non-normal distri-
bution were analyzed with the Mann-Whitney U test.
Receiver operating characteristic (ROC) curves and
the area under these curves were used to assess the di-
agnostic potential of CRP, suPAR and neopterin lev-
els. ROC analyses were performed for both the dogs
with SIRS and the healthy dogs. To assess the diag-
nostic potential of CRP, suPAR and neopterin levels
in the diagnosis of SIRS, the area under curve (AUC)
and some cut-off values were analyzed. The results
were assessed at a 95% confidence interval and at a
significance level of P < 0.05.

RESULTS

30 dogs with SIRS clinically inspected in detail
and 15 healthy dogs were included in the study. Dogs
< 6 months old were not included in the study. Dis-
eases causing SIRS include: gastrointestinal (n = 14),
genital system (n = 4), malignant (n = 1), respiratory
(n=7), and dermatological (n = 4) diseases.

Table 1 presents changes in mean values of CRP,
suPAR and neopterin levels of both dogs with SIRS
and the healthy, and the significance in intergroup
differences. In Figure 2-4, distribution of CRP, neop-
terin and suPAR among dogs with SIRS and healthy
are presented. It was determined that the CRP, suPAR
and neopterin concentrations of dogs with SIRS were
significantly higher (P <0.001, P <0.01, P <0.01, re-
spectively) than those of the dogs in the heathy group
(Table 1).

ROC analysis was conducted on the CRP, suPAR
and neopterin levels in the healthy animals and the
dogs with SIRS. The ROC curves used to assess the
diagnostic potential of CRP, suPAR and neopterin
levels, are presented in Figure 1 and AUC are shown
in Table 2. The ROC analysis was used to establish
the cut-off, sensitivity and specificity values. Table
2 shows the cut-off, sensitivity, specificity and AUC
values of the CRP, suPAR and neopterin levels of
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healthy dogs and dogs with SIRS. The cut-off values Based on ROC analysis, the area below the refer-
for the CRP, suPAR and neopterin levels were deter- ence line is 0.99 for CPR, 0.69 for suPAR and 0.72 for
mined as 11.20 mg/L, 223.68 mg/L and 3.23 mmol/ neopterin, and that these biomarkers can offer signifi-

mL, respectively. cant diagnostic information.
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Figure 1. Receiver operating characteristic curve in the diagnosis of dogs with SIRS and healthy of serum levels CRP, suPAR and neopterin
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Figure 2. CRP levels in dogs with the systemic inflammatory response syndrome (n=30) and healthy (n=15)
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Figure 3. Neopterin levels in dogs with the systemic inflammatory response syndrome (n=30) and healty (n=15)
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Figure 4. suPAR levels in dogs with the systemic inflammatory response syndrome (n=30) and healthy (n=15)

Table 1. The CRP, suPAR, and neopterin levels of healthy dogs and dogs with SIRS (Mean+SEM)

Parameters Healthy group SIRS P value
CRP (mg/L) 4.30+0.95 66.59+6.57 <0.001
suPAR (ng/L) 172.12 £11.78 1001.79+287.60 0.007
Neopterin (nmol/mL) 2.63+0.15 21.08+6.36 0.007

CRP; C-reactive protein, suPAR; soluble urokinase-type plasminogen activator receptor
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Table 2. The cut-off, sensitivity, specificity and AUC values of the CRP, suPAR, and neopterin levels of healthy dogs and dogs with

SIRS.

Parameters CRP (mg/L) suPAR (ng/L) Neopterin (nmol/mL)
AUC 0.99 0.69 0.72

Cut off 11.20 223.68 3.23
Sensitivity (%) 92.90 53.30 63.30
Specificity (%) 93.30 93.30 93.30

P value <0.001 0.039 0.018

SEM 0.011 0.079 0.077

AUC; area under the curve, SEM; standard error of mean, CRP; C-reactive protein, suPAR; soluble urokinase-type

plasminogen activator receptor

DISCUSSION

SIRS, which develops in various diseases in dogs,
requires emergency treatment. Thus, urgent and cor-
rect diagnosis is critical. CRP is an acute phase protein
released during tissue damage and inflammation. It is
synthesized primarily in liver in response to stimula-
tion by cytokines and is defined as major acute phase
protein identified in dogs. (Jitpean et al., 2014). Se-
rum CRP level in healthy dogs (Torrente et al., 2015)
is < 35 mg/L (when analysis using LifeAssays mag-
netic permeability-based immunoassay), and it has
been reported by various studies that it increases as
a response to inflammatory stimulus (Viitanen et al.,
2014). Experimental studies have reported that CRP
increases before the formation of clinical symptoms
and reaches peak levels after 36 hours (Spapen et al.,
2006). It has also been reported that CRP increases in
diseases such as leptospirosis, babesiosis, parvovirus
infections, malignant tumors, pyometra, acute pancre-
atitis, immune hemolytic anemia, arthritis, glomeru-
lonephritis (Holm et al., 2004; Matijatko et al., 2007;
Nakamura et al., 2008; Kocaturk et al., 2010; Tostes
Oliveira et al., 2010). In a study on dogs with mono-
cytic ehrlichiosis, it has been found that CRP is an in-
dicator in determining the clinical phase of the diseas-
es, however, is not useful in determining the clinical
result (Mylonakis et al., 2011). It was determined that
high CRP levels in dogs with pyometra increased the
rate of mortality and extended the treatment duration.
CRP levels in dogs with no systemic inflammation
ranged between 0.07-24.7 mg/L, and that CRP levels
in dogs with systemic inflammation ranged between
0.4-907.4 mg/L. (Christensen et al., 2014). In this
study, it was determined that average CRP levels of
dogs with SIRS were significantly higher (P < 0.001)
than those of healthy dogs. Besides, the CRP cut-off
value was considered to be 11.20 mg/L for the healthy
dogs and the dogs with SIRS with sensitivity 92.9%,
and specificity 93.3%. In our study, it was observed

that CRP has high sensitivity and specificity for the
detection of systemic inflammatory response in dogs
and can be evaluated as a good biomarker of inflam-
mation in dogs similar to other studies.

Biochemical markers are used to predict the mor-
bidity and mortality as well as the diagnosis of the
pathological condition. In veterinary medicine, bio-
chemical parameters have been investigated for diag-
nostic and prognostic purposes in dogs with SIRS and
sepsis (Kocaturk et al., 2010; Torrente et al., 2015;
Ok et al., 2015). Inflammatory mediators showing im-
mune activation such as suPAR and neopterin are in-
vestigated in order to provide information on clinical
diagnosis and prognosis of infectious diseases in hu-
man medicine (Murr et al., 2002; Eugen-Olsen 2011;
Zeng et al., 2016). suPAR is a marker of fibrinolysis
and inflammation that is released from immunolog-
ically active cells. suPAR reveals the patho-physi-
ological mechanisms that are active on cell surface
(Wittenhagen et al., 2004; Kofoed et al., 2008; Kules
et al., 2017). In a study comparing dogs with babesi-
osis and healthy ones, significant increases in suPAR
levels were determined and it was stated that it would
be useful in the evaluation of the stage of the disease.
It was also reported that increased suPAR concentra-
tions may be a reflection of inflammatory response in
dogs with babesiosis (Kules et al., 2017). In a study on
patients with sepsis in intensive care, it was stated that
there is an increase in suPAR level throughout acute
inflammation (Kofoed et al., 2008). In another study,
blood suPAR was shown to be significantly increased
in patients with sepsis and stated that it was a valuable
parameter to differentiate SIRS from sepsis. They
also reported that the use of suPAR and procalcitonin
(PCT) combination increases the diagnostic effica-
cy for sepsis in human medicine (Zeng et al., 2016).
In other studies, it was found that suPAR increased
significantly in people with SIRS and sepsis, but it
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was concluded that the diagnostic value of suPAR in
sepsis was insufficient according to classical markers
such as PCT and CRP. The reason for this is that the
strong induction of PCT and CRP with lipopolysac-
charides may explain its benefits in the diagnosis of
bacterial infection, whereas suPAR is induced at a
lower level with bacterial proteins such as lipopoly-
saccharide. Considering all these results, suPAR has
limited diagnostic value in sepsis compared to clas-
sical markers such as PCT and CRP (Kofoed et al.,
2007; Koch et al., 2011; Hoenigl et al., 2013; Bilgili
and Cinel 2013). The study revealed that the average
suPAR levels of dogs with SIRS were significantly
higher (P < 0.01) than those of healthy dogs. The cut-
off value of suPAR was considered as 223.68 ng/L for
healthy dogs and dogs with SIRS, its sensitivity was
determined to be low (53.3%), and its specificity as
high (93.3%). In our study, it was found that suPAR
had low sensitivity compared to CRP, which is a good
marker for the detection of inflammation in dogs. The
results of our study show that suPAR is insufficient
for the diagnosis of systemic inflammatory response
in dogs similar to the studies in human medicine.

Neopterin is a critical indicator for cellular im-
mune system activation released by monocytes and
macrophages (Hoffmann et al., 2003). It was deter-
mined that in intensive care units neopterin levels
of patients with sepsis, septic shock, SIRS, or with
multiple organ failure increased (Berdowska and
Zwirska-Korczala 2001; Alberti et al., 2003; Baydar
et al., 2009). It was reported that the neopterin level
increased in viral, bacterial, and parasitic infections,
apart from sepsis (Berdowska and Zwirska-Korcza-
la 2001; Murr et al., 2002). It was stated that the ne-
opterin levels increased in neonatal calves with sep-
tisemic colibacillosis, in relation to IFN-y as a defense
mechanism (Ercan et al., 2016). In a study conducted
on 208 intensive care patients in human medicine,
the cut-off value of the recommended neopterin for
the diagnosis of infection was 18 pg/L (Brunkhorst
et al., 1999). In the study, it was found that the se-

rum neopterin levels of dogs with SIRS was higher in
comparison to the healthy dogs and that this increase
is statistically significant (P < 0.01). The cut-off val-
ue of neopterin was considered as 3.23 nmol/mL for
SIRS, with sensitivity 63.3%, and specificity 93.3%.
In this study, the sensitivity of neopterin was found to
be lower than CRP, although higher than suPAR. In
human medicine (Brunkhorst et al., 1999), neopterin
has been reported to be more sensitive than classical
markers of inflammation (such as procalcitonin). On
the contrary, in this study, it was observed that sys-
temic inflammation in dogs is less sensitive than CRP,
one of the classical biomarkers.

CONCLUSIONS

It was supported by the comparative ROC analysis
that CRP has more diagnostic significance than neop-
terin and suPAR. In the ROC analysis, it was deter-
mined that CRP had the highest sensitivity, followed
by neopterin and suPAR, respectively, and that CPR,
suPAR and neopterin had the same values in terms
of specificity. As a result, we determined that CRP
showed the best performance for detection of system-
ic inflammatory response in dogs, and neopterin and
suPAR could be used as an alternative to CRP. It is
also concluded that further studies are necessary in
order to determine diagnosis and prognosis of diseas-
es.
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ABSTRACT. The aim of this work was to spot light on the presence of Pseudomonas aeruginosa (P. aeruginosa)
strains in hatcheries and dead in shell embryos. A total of 406 samples representing 200 and 206 swabs from hatcheries
environment and yolk sacs of dead in shell embryos were collected from Damietta governorate, Egypt. P. aeruginosa
was isolated and identified. Some virulent genes (fox4, psi4 and fliC) of P. aeruginosa were detected using polymerase
chain reaction (PCR). The antimicrobial susceptibility of P. aeruginosa was tested in vitro. Day and 11 days old broiler
chicks were challenged with P. aeruginosa to determine the pathogenicity of the isolated strains. The results showed
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INTRODUCTION
Pseudornonas species are ubiquitous organisms
and usually present in soil, humid areas and wa-
ter (Barnes, 2003). Infection of chickens especially
young’s with Pseudomonas aeruginosa (P. aerugi-
nosa) induces septicaemia, mortalities, respiratory
manifestations and diarrhea or localized infections
in different organs (Walker et al., 2002). High rates
of late embryonic deaths and loses of netwly hatched
chicks were recorded after infection with P. aerugi-
nosa (Fekadu, 2010). Conventional methods for iso-
lation and identification of P. aeruginosa faces some
difficulties in accurate detection of the bacteria due to
misidentification with closely related Gram-negative
bacilli (Al-Ahmadi and Roodsari, 2016). So, the use
of molecular techniques as polymerase chain reaction
(PCR) improves accurate and rapid identification of P
aeruginosa (Anyj et al., 2009). P. aeruginosa possess
different virulent factors inducing toxicity and patho-
genicity (Fadhil et al., 2016).

Presence of intrinsic and acquired antibiotic resis-
tance mechanisms creates difficulty of P. aeruginosa
treatment (Lister et al., 2009).

The opportunistic pathogenic nature of P. aerugi-
nosa, biofilm formation, induction of chronic infec-
tions are factors responsible for high level of multiple
drug resistance (Wei and Ma, 2013; Rasamiravaka et
al., 2015).

Therefore, this study was designed to identify P
aeruginosa strains from hatcheries and dead in shell
embryos, detect some virulent genes (tox4, psIA and
fliC), test the susceptibility of the isolated strains to
various antimicrobials in vitro and finally examine
their pathogenicity in newly hatched chicks.

MATERIALS AND METHODS

Isolation and identification of Pseudomonas
isolates

Samples were taken from 8 hatcheries in Damiet-
ta governorate, Egypt during the period from March
to August, 2018. A total of 406 samples represent-
ing 200 swabs from hatcheries environment and 206
swabs from yolk sacs of late dead in shell embryos
(Table 1). Samples were collected in sterile plastic
containers, kept in ice box and transported as soon as
possible to the laboratory. Isolation of Pseudomonas
isolates was done according to Quinn et al. (2002).
The samples were aerobically inoculated into nutrient
broth for 24h at 37°C. A loop-full of inoculated broth
were streaked onto MacConkey agar and Pseudomo-
nas agar base media and incubated aerobically for 24h
at 37°C. The non-lactose fermented colonies were
randomly selected and sub-cultured onto nutrient agar
plates to observe the pigmentation. The purified col-
onies were examined for their colonial morphology,
pigment production and odour. Identification was car-
ried out through Gram staining, biochemical reactions
and sugar fermentation.

Serological identification of P. aeruginosa isolates

Serological identification was done in Animal
Health Research Institute, Dokki, Egypt using an-
tisera from Denka Seiken Co. Ltd, Tokyo, Japan. It
was carried out for detection of somatic antigen “O”
using P. aeruginosa antisera according to the method
of Homma (1980). Agglutination kit contained poly-
valent and monovalent antisera. Agglutination was
described as positive if it caused a positive slide ag-
glutination reaction.

Molecular detection of P. aeruginosa virulent
genes

Presence of specific virulent genes of P. aerugi-
nosa (toxA, psiA and fliC) was examined using PCR.
DNA extraction from P. aeruginosa isolates was per-
formed using the QIlAamp DNA Mini kit (Qiagen,
Germany, GmbH) with modifications from the man-
ufacturer’s recommendations are listed in Table (2).

Table 1: The number of the examined samples distributed in Damietta governorate, Egypt

Number of samples

Locality Hatcheries Chicken embryos
Om El-Reda 25 28
Farskour 25 29
Zarka 25 22
Kafer-Saad 50 58
Cinania 25 15
Kafer El-Batekh 50 54
Total 200 206
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Table 2: Virulence target genes, oligonucleotide primers, amplicon sizes and cycling conditions for P. aeruginosa

Amplified

Amplification (35 cycles)

Primers
sequences

Target
gene

Primary

segment g
& denaturation

(bp)

Secondary
denaturation

Final

. . . Reference
Annealing Extension extension

GACAACG
CCCTCAG
CATCACC
AGC
CGCTGGC
CCATTCG
CTCCAGC
GCT
TCCCTAC
CTCAGCA
GCAAGC
TGTTGTA
GCCGTAG
CGTTTCT
G
TGAACGT
GGCTACC
AAGAACG
TCTGCAG

94°C

A .
tox 5 min.

396

94°C

pslA 5 min.

656

fliC 180 94 C
5 min.

94°C
30 sec.

94°C
30 sec.

94°C
30 sec.

55°C
40 sec.

72°C
45 sec.

72°C

7 min.

Matar et al.
(2002)

60°C
40 sec.

72°C
45 sec.

72°C
10 min.
Ghadaksaz et
al. (2015)

56.2°C
30 sec.

72°C
30 sec.

72°C

7 min.

In vitro-antibiotic susceptibility test of P.
aeruginosa

In vitro antibiotic susceptibility test of P. aerugino-
sa strains was carried out using disc diffusion method
(CLSI, 2015). Culture with 0.5 McFarland density
was distributed onto the Miiller-Hinton agar. The an-
tibiotic discs were distributed on the agar surfaces and
the zones of inhibition were measured after 24 hr.

Pathogenicity test of P. aeruginosa in chickens

The experiment was done according to the regula-
tion of Institutional Animal Care and Use Committee
(CU-IACUC), Cairo University with Code Number
(CUII F 110 18). A total of 80, day-old Cobb chicks
was obtained from local hatcheries and 5 birds were
subjected for bacteriological examination to confirm
absence of P. aeruginosa. Chicks were reared on thor-
oughly cleaned and disinfected semi closed houses
and vaccinated using standard protocol for vaccina-
tion. Feed and water was given ad /libitum. Chicks
were divided into 3 equal groups, each containing 25
birds. Chicks of group (1) were challenged at day old,
while chicks of group (2) were challenged at 11 days
old. Chicks in group (3) were kept as blank control
negative non challenged group. Each chick in groups
(1) and (2) was challenged intramuscularly with 0.2
ml of 24 hr broth culture contained 10° viable cell of
P aeruginosa /ml (Joh et al., 2005), while those in

group (3) were inoculated with sterile phosphate buf-
fer saline. The strain used in challenge is that identi-
fied herein. All chickens were kept under observation
for 10 days to detect clinical signs, mortalities and
post-mortem lesions. Samples were collected from
dead birds for re-isolation of P. aeruginosa. At the end
of the study, samples including; liver, spleen and heart
were collected from sacrificed birds for gross lesions,
re-isolation of P. aeruginosa.

Histopathological examination

Tissue specimens from lung, heart and liver were
collected, fixed in 10% neutral buffered formaline,
routinely processed by standard paraffin embedding
technique, sectioned at 4 micron and finally stained
with Hematoxylin and Eosin (H&E) (Bancroft and
Gamble, 2002).

RESULTS

Based on cultural, morphological and biochemical
characteristics of the isolates, a total of (16, 8%) and
(17, 8.25%) P. aeruginosa isolates were recovered
from 200 hatchery and 206 chicken embryos samples,
respectively (Table 3).

Morphologically, P. aeruginosa is aerobic B hae-
molytic colonies on blood agar, on MacConkey agar; it
has pale colonies of non-lactose fermenter. The plates
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containing characteristic colonies of P. aeruginosa
(large, irregular, translucent and produced a greenish
diffusible pigment and characterized by fruity smell).
Microscopically, the organism is Gram-negative short
rod. Biochemically, it is positive oxidase, catalase,
urea, citrate utilization and gelatin hydrolysis, neg-
ative for indole, methyl red and Voges Proskauer. It
shows sugar fermentation of glucose, mannose and
xylose, but not sucrose, lactose and maltose.

Serological identification of P. aeruginosa re-
vealed that all of isolates were belonged to types G
and M (Table 3).

Molecular detection of virulent genes of P. aeru-
ginosa showed presence of 04 and psi4 genes in all
strains and f7iC in almost strains (Figures 1, 2 and 3).

Strains of P. aeruginosa showed in vitro suscep-
tibility (100%) to ciprofloxacin, levofloxacin and
gentamycin and (48.48%) streptomycin but resistant
(100%) to amoxycillin/clavulanic acid, doxycycline
and erythromycin and (78.78%) nalidixic acid. Inter-
mediate susceptibility was detected to chloramphen-
icol (75.75%) and colistin sulphate (36.36%) (Table
4).

Table 3: The incidence and the predominant serotypes of P. aeruginosa in Damietta governorate, Egypt

Hatcheries Chicken embryos
Localit Number  Number . Number  Number .\
’ of samples of positive Yopositive  Serotype of samples of positive Yo positive - Serotype
Om El-Reda 25 6 24 M 28 5 17.85 Gand M
Farskour 25 4 16 M 29 3 10.3 M
Zarka 25 0 0 22 0 0
Kafer-Saad 50 3 6 M 58 5 8.6 Gand M
Cinania 25 0 0 15 0 0
Kafer El-Batekh 50 3 6 G 54 4 7.4 G
Total 200 16 8 206 17 8.25

Figure 1: PCR amplification using Pseudomonas genus-specific primers (fox4 gene), Pos= positive control, L= ladder, lines 1-10 =

clinical isolates of P. aeruginosa, Neg= negative control
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Figure 2: PCR amplification using Pseudomonas genus-specific primers (ps/4 gene), Pos= positive control, L= ladder, lines 1-10 =
clinical isolates of P. aeruginosa, Neg= negative control

Figure 3: PCR amplification using Pseudomonas genus-specific primers (fi/C gene), Pos= positive control, L= ladder, lines 1-4, 6-10

= clinical isolates of P. aeruginosa, Neg= negative control

Table 4: Results of antibiogram test against P. aeruginosa

T Disc Antimicrobial efficacy (%) against 33 strain of P. aeruginosa
Antibiotic Disc (Code) content/ ug Susceptible Intermediate susceptibility Resistant
Amoxycillin/Clavulanic acid (AMC) 30 0 (0%) 0 (0%) 33 (100%)
Chloramphenicol (C) 30 8 (24.2%) 25 (75.75%) 0 (0%)
Ciprofloxacin (CIP) 5 33 (100%) 0 (0%) 0 (0%)
Colistin sulphate (CT) 10 11 (33.3%) 12 (36.36%) 10 (30.3%)
Doxycycline (Do) 30 0 (0%) 0 (0%) 33 (100%)
Erythromycin (E) 15 0 (0%) 0 (0%) 33 (100%)
Gentamycin (CN) 10 33 (100%) 0 (0%) 0 (0%)
Levofloxacin (LEV) 5 33 (100%) 0 (0%) 0 (0%)
Nalidixic acid (NA) 30 0 (0%) 7 (21.2%) 26 (78.78%)
Streptomycin (S) 10 16 (48.48%) 9 (27.27%) 8 (24.2%)
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Clinical signs of P. aeruginosa challenged chicks
were depression, off food, reluctance, sleepy appear-
ance, respiratory signs and greenish diarrhea. Mor-
talities began on day old P. aeruginosa challenged
chicks 12-16 hr post challenge (PC) with mortality
rate of (18/25, 72%), while appeared on 11 days old
chicks 24 hr PC with mortality rate of (10/25, 40%).
The post-mortem examination of the dead chick’s re-
vealed septicemia, congestion with peticheal haemor-
rhages on liver, spleen and lung, pericarditis, disten-
tion of gall-bladder, unabsorbed yolk sacs, greenish
exudates in the abdominal cavity and enteritis. Gross
lesions of sacrificed birds showed congestion of the
liver, spleen and kidneys, pneumonia, liver necrosis
and unabsorbed yolk sacs. P. aeruginosa organism
was re-isolated from dead and sacrificed birds. No
clinical signs or mortalities was recorded on phos-
phate buffer saline inoculated chicks.

The results of histopathological examination of
dead and sacrificed chicks that challenged at one day
old are collected in Figure (4). The lung had severe in-
terstitial pneumonia with highly edematous thickening
of alveolar wall, highly congested alveolar capillaries
as well as mononuclear inflammatory cell infiltration
with some heterophiles throughout the interstitial tis-
sue (A). The bronchi and bronchioles had hyperplastic
proliferation of their epithelial lining especially gob-
let cells were had marked hyperplastic proliferation.
Mononuclear inflammatory cell infiltration with some
heterophiles around bronchi and bronchioles could be
detected. Sub-peluraledema could be detected. The
heart had marked subepicardial edema with dilatation
of sub epicardial blood vessels (B). The liver showed
highly congested hepatic sinusoids with disarrange-
ment of hepatic rosettes as well as hepatic cell degen-
eration and necrosis with infiltration of mononuclear
inflammatory cells with some heterophils (C). Wide
patches of hepatic cells coagulative necrosis could be
detected with infiltration of mononuclear inflammato-
ry cells and some heterophils (D) as well as Kupffer
cell activation could be detected.

Figure 4 (A): Lung of one-day old chicks showed severe intersti-
tial pneumonia with highly edematous thickening alveolar wall,
highly congested alveolar capillaries as well as mononuclear in-
flammatory cell infiltration with heterophils through the intersti-
tial tissue. (H&E X400).
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Figure 4 (B): Heart of one-day old chicks showed marked sub-
epicardial edema with dilatation of subepicardial blood vessels.
Marked edema could be detected between cardiac muscle fibers
accompanied by some degenerative changes of cardimyocytes.
(H&E X400).
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Figure 4 (C): Liver of one-day old chicks showed highly con-
gested hepatic sinusoids with disarrangement of hepatic rosettes
as well as patches of hepatic cell necrosis with infiltration of
mononuclear inflammatory cells with some heterophils. Kupffer
cell activation could be observed. (H&E X400).
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Figure 4 (D): Liver of one-day old chicks showed wide patches
of hepatic cells coagulative necrosis could be detected with infil-
tration of mononuclear inflammatory cells and some heterophils
(H&E X400).

The histopathological lesions of dead and sacri-
ficed chicks that challenged at 11 days old are rep-
resented in Figure (5). The lungs revealed broncho-
pneumonia with marked hyperplastic proliferation of
its epithelial lining as well as highly hyperplastic pro-
liferated goblet cells (A). The bronchial lumen filled
with exudates consisted of desquamated epithelial
cells, mononuclear inflammatory cells, heterophils
and red blood cells. Marked peribroncheal heterophils
and mononuclear cell infiltration could be observed
(A). The lung showed patches of consolidated pneu-
monia and the alveolar lumen was filled with fibri-
nopurulent exudates (B) with desquamated epithelial
cells with necrosis in alveolar wall and heterophils
detection in alveolar lumen. Other patches of pulmo-
nary tissue had haemorrhagic pneumonia. Moreover,
the lung had pulmonary blood vessel with large red
attached thrombus consisted of fibrin, mononuclear
cells and red blood cells (C). Other blood vessels had
perivascular mononuclear inflammatory cell infiltra-
tion with many heterophils and myriads of bacteria.
The heart had marked myocarditis, edema and some
hemorrhage between cardiomyocytes (D). Zenker’s
necrosis of most cardiomyocytes could be detected.
The wall of most interstitial blood vessels showed
degenerative and necrotic changes (D). The liver had
dilated hepatic sinusoids with dissociated hepatic ro-
settes, vacuolar degeneration of many hepatocytes,
other hepatocytes had pyknotic nuclei (E). Multiple
foci of degenerated and necrotic hepatocytes were
seen around central veins which replaced by mono-
nuclear inflammatory cell infiltration and heterophils
(E). Kupffer cell activation could be detected. Portal
area revealed proliferation of bile duct and highly di-
lated portal blood vessel. Mononuclear inflammato-
ry cells and hetrophils infiltration could be detected
around portal area (F). Other patches of hepatic tissue

had highly dilated portal blood vessel surrounded by
dissociated, degenerative, necrotic hepatocytes and
marked large haemorrhgic area (G).

Figure 5 (A): Lung of 11-days old chicks showed bronchus with
marked hyperplastic proliferation of its epithelial lining as well as
highly hyperplastic proliferated goblet cells. The bronchial lumen
had exudates with desquamated epithelial cells, mononuclear in-
flammatory cells, heterophils and red blood cells. Marked aggre-
gation of peribroncheal heterophils and mononuclear inflammato-
ry cell could be seen. (H&E X400).
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Figure 5 (B): Lung of 11-days old chicks showed patches of con-
solidated pneumonia, alveolar lumen filled with fibrinopurulent
exudates with desquamated epithelial cells, as well as other patch-
es of haemorrhagic pneumonia. (H&E X400).
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Figure 5 (C): Lung of 11-days old chicks showed pulmonary
blood vessel with large red attached thrombus consisted of fibrin,
mononuclear cells and red blood cells. Haemorrhgic pneumonia

could be seen around thrombosed blood vessel. (H&E X400).
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Figure 5 (D): Heart of 11-days old chicks showed marked in-
terstitial edema and some hemorrhage between cardiac muscle
fibers. Zenker’s necrosis of most myocardial fibers could be seen
as well as degenerative and necrotic changes through the wall of
most interstitial blood vessels. (H&E X400).

Figure 5 (E): Liver of 11-days old chicks showed dilated hepatic
sinusoids with vacuolar degeneration of many hepatocytes, oth-
er hepatocytes had pyknotic nuclei. Multiple foci of degenerated
and necrotic hepatocytes were seen around central veins which
replaced by mononuclear inflammatory cell infiltration and het-
erophils. Kupffer cell activation could be seen. (H&E X400).
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Figure 5 (F): Liver of 11-days old chicks showed portal area with
hyperplastic proliferation of bile duct and highly dilated portal
blood vessel. Mononuclear inflammatory cell and hetrophils in-

filtration could be detected around portal area. Most hepatocytes
had degenerative and necrotic changes. (H&E X400).
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Figure 5 (G): Liver of 11-days old chicks showed highly dilated
portal blood vessel, surrounded with degenerative and necrotic
hepatocytes. Marked large haemorrhgic areas near necrotic he-

patocytes could be seen. (H&E X400).

DISCUSSION

In the present investigation, the results of cultur-
al, morphological and biochemical characteristics of
P aeruginosa isolates were similar to the findings of
Betty et al. (2007) who isolated P. aeruginosa with
an incidence 8% from 100 chicken suffering from re-
spiratory symptoms. In Egypt, Farghaly et al. (2017)
detected presence of P aeruginosa in 42 samples
after examination of 480 ones with a percentage of
8.75. Lower isolation percentages were recorded by
Hayford (2017) who isolated for P. aeruginosa from
chickens samples in rates of 1.8 and 2.6%, respective-
ly. Elsayed et al. (2016) isolated P. aeruginosa with
percentage 22.9% (38 /166) and a high isolation rate
from yolk sac of dead-in-shell embryos 26/50 (52%)
was observed.

P. aeruginosa was isolated from young chickens
with high mortalities and late dead in shell embryos
(Fekadu, 2010).

Satish and Priti (2015) succeed in isolation of P,
aeruginosa from 200 samples of 4- days- old chicks
in percentage of 20%; where the isolation rate from
healthy birds was 12% and from diseased ones was
30%.

Serological examination of P. aeruginosa is very
important for epidemiological studies as serotyping
facilitates the detection of the prevalent serotypes
and locating sources of infection (Nedeljkovi¢ et al.,
2015). Serological identification of the present P,
aeruginosa isolates were G and M. El-Gohary et al.
(2012) demonstrated that the predominant serotypes
were A, B, D, F, H, K, L and M.

Due to difficulties and inaccuracy of phenotypic
characterization of P. aeruginosa, PCR amplification
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and sequencing for detection of species specific con-
served genes (foxA, psIA and fliC) in the genome of
P. aeruginosa can be utilized in its identification and
classification. Molecular detection of virulent genes
of P. aeruginosa in this work showed presence of rox4
and psIA genes in all strains and f7iC in almost strains.
Potential virulence factors secreted by P. aeruginosa
that are important in its pathogenicity include exotox-
in A (toxA), which is the most toxic virulence factor
detected in this organism (Dong et al., 2015). It inhib-
its protein biosynthesis, it has a necrotizing activity
on tissues causing cell death and contributes to the
colonization process (Michalska and Wolf, 2015).
Other genes like (psiA) is responsible for biofilm for-
mation (Ghadaksaz et al., 2015). Flagellar gene (f1iC)
plays important roles in tissue penetration (Ertugrul
etal., 2018).

P. aeruginosa is also known to harbor antibiotic re-
sistant plasmids, integrons and transposons and is able
to transfer these genes to other species. Here, isolated
strains of P. aeruginosa showed in vitro susceptibility
(100%) to ciprofloxacin, levofloxacin and gentamycin
and (48.48%) streptomycin but resistance (100%) to
amoxycillin/clavulanic acid, doxycycline and eryth-
romycin and (78.78%) nalidixic acid. Nearly similar
finding was observed by Farghaly et al. (2017) who
demonstrated that 42 P. aeruginosa chicken’s isolates
showed high sensitivity for norfloxacin, ciproflox-
acin, and levofloxacin with the percentages of 80.9,
76.2 and 73.8, respectively, 76.2 % to colistin sulfate
and gentamicin and 66.7 to streptomycin; however,
high resistance (100%) to ampicillin, nalidixic acid
and lincomycin followed by trimethoprim sulfame-
thoxazole with percentage78.6. As well, Elsayed et al.
(2016) recorded sensitivity of P. aeruginosa strains to
ciprofloxacin and gentamycin.

The results of clinical signs and post-mortem le-
sions of the inoculated chicks were parallel to the
results of Mohamed (2004) who found that subcuta-
neous inoculation of 3 days old chicks with P. aeru-
ginosa induced mortality reached 80% with sleepy
appearance, closed eyes, sitting on hocks and diar-
rhea while the gross lesions revealed congestion of
all internal organs, peticheal haemorrhages on liver
and spleen, pericarditis, pneumonic lungs, swollen
of kidneys with deposition of ureats in the ureters,
enteritis, enlargement of the gall-bladder and unab-
sorbed congested yolk sacs. Satish and Priti (2015)
found that P aeruginosa induced 100% mortality
when inoculated intramuscularly in 7 days old chicks
where dead birds showed congested liver with pete-
chial haemorrhages and distended dark gall bladder,

congested heart, lungs and kidneys, enlarged yolk sac
and haemorrhagic intestines. Walker et al. (2002) and
Joh et al. (2005) reported that the mortality rate was
95% in chick’s inoculated P. aeruginosa through yolk
where dead birds showed congestion and enlargement
of liver, peritoneal fluid in the abdomen, epicarditis,
omphalitis and some solidified yolks.

Considering the histopathological examination,
severe interstitial pneumonia of one day old chicks
led to increase thickening of alveolar wall and capil-
lary membrane and decrease the number of ventilated
alveoli resulting in hypoxia. Van Delden (2004) dis-
cussed that elastin protein of connective tissues and
its degradation which carried out by LasB enzyme
which is an important enzyme of elastolytic activi-
ty that produced by P. aeruginosa. That explains the
destruction in alveolar wall and blood vessel wall
which led to haemorrhagic pneumonia, also explains
the destruction of hepatic sinsoides which led to hae-
morrhage (wide patches of accumulated red blood
cells) in hepatic tissue. Rejmanj et al. (2007) stated
that P. aeruginosa infection alters the permeability
function of the epithelial and endothelial junction
and that clarifies pulmonary blood vessels thrombo-
sis. Most histopathological changes of lung, heart and
liver were inflammatory in nature that come in agree
with Timurkaan et al. (2008) who found inflammatory
reaction through heart and lung especially in young
birds. Ferro et al. (2004) stated that heterophils func-
tions in 1-14 days old chickens were found inefficient
compared to older birds, that inefficiency in function
continued until 21 days of age and that was correlated
with an increase in susceptibility to bacterial infec-
tion. Kupffer cells activation which detected in liver
of all infected chicken comes in agree with Katja et al.
(2015) who described that Kupffer cells are import-
ant cells for filtration of P. aeruginosa during system-
ic infection and that in corporation with heterophils
which are essential for bacterial control. Most of liver
diseases in chicken were associated with liver failure
which was explained by Supertika et al. (2006) who
found degeneration and necrosis of hepatic tissue in
infected 10 days old chickens. The prominent micro-
scopic lesions of the dead broilers with P. aeruginosa
were multiple foci of coagulative necrosis with intra
lesion bacteria and heterophilic infiltration in the liver
and the serosal surface was covered with fibrino-pu-
rulent exudates, diffuse fibrinous exudates with bac-
terial colonization in the epicardium and decreased
lymphocytes and moderately increased reticulocytes
in the spleen (Joh et al., 2005).

In conclusion, P. aeruginosa is of great importance
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pathogen as it could be isolated from both hatcher-
ies environment and dead in shell embryos based in
detection of virulent genes. In- vitro antibiogram is
important to detect susceptibility and resistance of P
aeruginosa to different antimicrobials. The pathoge-
nicity of P. aeruginosa in newly hatched chicks re-
vealed that this organism is pathogenic. Farm man-
agement should take strict hygienic measures against

possible sources of infection. Further studies are in
need to study the effect of this pathogen on Egyptian
poultry industry.
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INTRODUCTION
In April 17 2019, the European Commission issued
the Directive (EU) 2019/633 (in the remainder of
the paper ‘Directive’) of the European Parliament and
of the Council on Unfair Trading Practices (UTP) in
business-to-business relationships in the agricultural
and food supply chain. The Directive formally intro-
duced important adjustments for the smooth func-
tioning of food supply chains. In particular, within
six months after the introduction of the Directive all
Member States would have to put into place national
legislation regulating UTP and to designate a com-
petent public body to play the role of “enforcement
authority” (EA) (Article 4 of the Directive). The EAs
would be in charge of inspecting the occurrence of
UTPs such as short notice changes in orders; unilater-
al and retroactive changes in supply agreements; un-
agreed returns of unsold products; delayed payments
more than 30 days after delivery (Article 3). In ad-
dition, EAs would receive complaints from suppliers
who are victims of such practices and will investigate
them at their own initiative (Articles 5 and 6). In fact,
collaboration among EAs across Europe would be ex-
pected to address supra-national UTP issues (Article
7). Towards this direction, all Member States should
report regularly to the Commission in order to share
experience and to provide relevant data (Article 9).

In policy debate, the Directive is the outcome on
numerous reports, documents and discussions regard-
ing the consequences of deviations from fair trading
practices (Velazquez and Buffaria (2017)). The lat-
est was the Report by the Taskforce for Agricultural
Markets (TAM) (2016) in November 2016. The TAM
adopted a rather holistic approach that went beyond
commenting UTP. Their report proposed an integrat-
ed plan of action to improve food market outcomes
with interventions in seven specific domains. With
this in mind, Velazquez and Buffaria (2017) provid-
ed a review of existing literature in order to assess
whether the policy framework (before the introduc-
tion of the Directive) would be sufficient to ensure a
smooth functioning of food supply chains. They pro-
posed that Producer Organizations (POs) could play
a very important role, especially in the dairy supply
chain, although the UTP Directive could impede the
process of strengthening their role if proper adjust-
ments were not provided.

It is not surprising that the EU has focused on
UTP, market transparency and, in general, on a holis-
tic approach of food supply chains. All relevant actors

(farmers, processors, traders, wholesalers, retailers,
consumers) have revealed that frequent and damaging
UTP are present in the food supply chain (European
Commission, 2018), while 96% of suppliers in the EU
food chain claim to have been faced with at least one
form of UTP (European Commission, 2014). In fact,
the estimated costs of such practices rise to an impres-
sive 30-40 bil € (EESC, 2016), as they can be detected
across all links of the food supply chain. Therefore,
these issues are important from an economic and
social standpoint and affect the overall performance
of businesses and actors across the supply chain
and therefore EU intervention is required (European
Commission, 2018).

The economic repercussions of UTP have been
pointed out by numerous authors (see a comprehen-
sive discussion in Falkowski, 2017). However, it is
intriguing that the presence of UTP even in a small
segment of or in particular supply chains could possi-
bly have ‘spillover’ effects, thus ‘spreading’ malprac-
tices throughout markets and supply chains (Menard,
2017). In examining the economic effects of UTP,
Sexton (2017) referred to problems related to ineffi-
ciency, uncertainty, low innovation and investment.
Ambiguous relationships were reported between
UTP and innovation and also between UTP and va-
riety of products (Falkowski, 2017), implying that
these issues are highly context-related. The European
Commission (2014) pointed out the negative effects
of UTP on productivity and stressed that markets op-
erating under such practices provide disincentives for
actors to enter and operate.

Nonetheless, the problem is not purely econom-
ic but also has social dimensions (Menard, 2017). In
general, UTP stem from imbalanced distribution of
power (Falkowski, 2017), which translates to the re-
lationships among actors. Farmers are the ones most
vulnerable to UTP due to their weak bargaining pow-
er. According to the Commission “they are often de-
pendent on bigger downstream partners ... and long
production lags and the perishability of many of their
products limits their room for manoeuvre”. It is also
widely acknowledged that UTP affect also the rela-
tionships between industries and retailers (Sexton,
2017; Falkowski, 2017). Therefore, it is not particu-
larly useful to focus on specific relationships or ac-
tors, but it is rather imperative to examine the effects
of UTP across the supply chain as a whole, keeping
in mind the interdependencies among actors (Cafaggi
and lamiceli, 2017). Despite the importance of trad-
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ing malpractices in food markets, available literature
on such holistic approaches is disproportional.

The purpose of this study is to contribute to this
part of literature by presenting a qualitative study of
the dairy supply chain in Greece!. In particular, the
study provides an overall evaluation of market out-
comes alongside with an assessment of the position
of each link. The choice of the dairy supply chain is
based on three characteristics. First, particular efforts
have been made for improving transparency and tack-
ling UTP in this supply chain (for instance, the “Milk
package”). Second, dairy farming in Greece has wit-
nessed significant structural changes in the past few
years, leading to transformations from which large
farms with higher bargaining power emerge. Third,
Cooperatives tend to make an innovative appearance
and to become strong competitors in processing,
which is, however, highly concentrated. These char-
acteristics are explained in detail in subsequent Sec-
tions

This study is based on a survey of actors across
the supply chain. In particular, selected farmers and
representatives of dairy industries and of big super-
market chains were interviewed using a semi-struc-
tured questionnaire with open-ended questions. By
drawing on their opinions, a qualitative assessment of
the overall outcomes of the dairy supply chain was
elaborated based on the TAM (2016) framework. The
qualitative approach was chosen for two reasons. The
first was that until now there are very few integrated
assessments of the whole supply chain in Greece. For
instance, a survey of manufacturers’ opinions regard-
ing trading practices in the Greek food sector was un-
dertaken by Maglaras et al. (2015), but primary pro-
ducers and retailers were not interviewed. This study
aspires to fill in this gap by shedding light on key is-
sues that affect market performance and to propose
issues that require further research. The second reason
was to address the challenge to assess the suitability
of the TAM framework in understanding the dynam-
ics of food supply chains.

The paper is organized as follows: Section 2 pres-
ents the seven domains of the TAM (2016) frame-
work, Section 3 provides an indicative picture of the
Greek dairy sector and Section 4 describes the meth-
odological framework of the study. Section 5 contains

1 This paper investigates exclusively the dairy cow supply chain.
Although sheep and goat milk production is important for the Greek
setting, it is not examined in this paper.

the empirical results and Section 6 their implications.
Section 7 concludes the paper.

THE TASKFORCE FOR AGRICULTURAL
MARKETS FRAMEWORK

As mentioned in the Introduction, policy debates
regarding UTP and market transparency have been
consolidated in the Report of the TAM (2016). The
seven domains for intervention proposed by the TAM
are briefly outlined below, along with references to
other prior related work.

1. Market transparency. The Taskforce pro-
claimed the need to strengthen market transparency
especially for the benefit of the numerous small pro-
ducers, notably with regard to information on produc-
er and consumer prices, production/supply and con-
sumption/demand trends and patterns. Information
asymmetries have been pointed as a factor reducing
market transparency, affecting price transmission
mechanisms and being the cause of UTP (Falkowski,
2017). A measure to achieve better market informa-
tion was the establishment of Dashboards at the cen-
tral EU level.

2. Risk management. The Taskforce endorsed
risk management instruments in agricultural pro-
duction to mitigate the effects of variations in prod-
uct quality and production volumes as well as price
volatility, using the toolkit available by the Common
Agricultural Policy (CAP). Risk management is in-
herently related to innovation and investment, as an
external environment bearing low risks or helping
actors to manage risks provides higher potential for
novelties. The availability of relevant tools affects the
decision-making processes and strategies of firms.

3. Futures and other derivative instruments.
Such instruments have been used extensively in the
grains, oilseed, potato and sugar sectors and, during
the last few years, for milk powder, butter and pig-
meat. In all cases, they hold the potential to become
crucial risk management tools in times of price vola-
tility. Their applicability, however, in the Greek set-
ting is low and no relevant paradigms exist, so this
domain was excluded from the analysis.

4. Trading practices in agricultural markets.
Unfair Trading Practices have been defined as “
practices which significantly deviate from good com-
mercial conduct and are contrary to good faith and
fair dealing ““ (European Parliament, 2016). There is
a variety of practices that could potentially be cate-
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gorized as UTP (see Sexton (2017) for a discussion)
and the distinction between driving a hard bargain and
UTP is sometimes blurry (Taskforce for Agricultur-
al Markets, 2016; Falkowski, 2017). The important
economic implications of UTP have led to legislative
action as described in Sections 1 and 3 of this paper.

5. Contractualization. This domain referred to
strengthening Contract Farming by introducing com-
pulsory contracting among actors as well as the provi-
sion of “standard” contract templates to facilitate the
parties involved. Sexton (2017) noted that such con-
tracts are used in the USA, but they mainly describe
litigation resolution processes rather than the terms
of the agreement. A more widespread use of written
contracts is an issue that needs to be discussed in im-
proving market outcomes.

6. The CAP and competition law. The TAM
specifically urged the Commission to provide suffi-
cient clarifications regarding the institutional frame-
work governing POs. In particular, the TAM calls for
additional legislative exceptions to POs in compe-
tition law. According to Bijman et al. (2012), in 13
EU-countries POs command more than 50% of the
market, therefore their potential expansion could in-
crease even more their market shares, thus opposing
to competition laws. Velazquez and Buffaria (2017)
underlined that the current upper limit of control of
the quantity of a specific product by a PO is not very
strict (for instance for milk POs it is 33% of the total
national milk production per Cooperative), however

the whole framework of POs under the light of com-
petition law needs to be revised in order to ensure that
it should not become a factor hindering their devel-
opment. In addition, the TAM proposed that specif-
ic derogations from Competition Law regarding the
milk sector should be maintained.

7. Access to finance. Facilitating farmers’ access
to finance even by providing guarantees for farmers’
loans from local banks through the European Invest-
ment Bank. This domain is highly relevant for Greece
under the economic crisis, which has deprived farms
and businesses from liquidity and has brought serious
adverse effects in all sectors (Karanikolas and Marti-
nos, 2012; Ragkos et al., 2015; Ragkos et al., 2016).

THE GREEK DAIRY COW SUPPLY CHAIN

The Greek dairy cow supply chain has witnessed
great changes since early 2000s. The number of farms
has been decreasing constantly since 2006 (decrease
by 53.1% or 6.5% annually), while milk production
has remained relatively steady (only 5% reduction
from 2000 to 2016) (Table 1). This adjustment de-
notes the intensification of production, which resulted
in an increase in average milk production per farm by
4,8% annually. Indeed, large dairy farms of predomi-
nantly entrepreneurial nature emerged - either new or
existing which decided to intensify. These farms have
better access to information, technical support and in-
novation and have the possibility to access competi-
tive markets.

Table 1. Structural development of the dairy cow sector in Greece (2006 - 2016)

Year Farms Total milk production Average production
Number | Change (%) | (thousand ton) | Change (%) | (ton./farm) | Change (%)
2006-2007 6270 736 1174
2007-2008 5627 -10,3 716 -2,7 127,2 8,3
2008-2009 5074 -9,8 699 -2,4 137,8 8,3
2009-2010 4561 -10,1 682 -2,4 149,5 8,5
2010-2011 4259 -6,6 666 -2,3 156,4 4,6
2011-2012 3930 -7,7 642 -3,6 1634 4,5
2012-2013 3686 -6,2 627 -2,3 170,1 4,1
2013-2014 3558 -3,4 615 -1,9 172,8 1,6
2014-2015 3356 -5,6 609 -0,9 181,5 5,0
2015-2016 3215 -4,2 605 -0,6 188,2 3,7
Total change (2006-2016) -3055 -48.,7 -131 -17,8 70,8 60,3
Annual rate of change (%) -6,5 -1,95 4.8

Source: Hellenic Agriculture Organization “Demeter”, processed data
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The milk processing sector in Greece is oligopolis-
tic, with six companies controlling 70% of the fresh
cow milk processing. Recently mergers and takeovers
have increased even more concentration in the sec-
tor. Multinational dairy companies and large Coop-
eratives have also penetrated the market (Friesland
Campina), while also Greek Cooperatives are becom-
ing increasingly competitive. In the retail sector, the
top five retailers account for 56% of the grocery retail
market (ICAP, 2013), representing a high degree of
concentration, while 80% of retail sales of dairy prod-
ucts are controlled by five supermarkets.

Table 2 presents the actual legislative framework
and initiatives for the improvement of the Greek dairy
supply chain, organized according to the seven TAM
(2016) domains. In addition to the information of Ta-
ble 2, specific reference should be made to the Rural
Development Program of Greece (RDP) 2014-2020,
which includes numerous measures aiming to boost

the performance of the primary sector in general in
terms of better access to finance, risk management and
promotion of collective actions (POs). Furthermore,
the “Milk package” (Regulation (EU) No 261/2012;
OJ L 94, 30.3.2012, p. 38.) is a set of measures that
have been proposed at the European level regarding
the overall performance of the dairy supply chain.
The “Milk package” proclaims important issues, such
as the necessity of written contracts, milk delivery re-
ports, Producer Organizations, collective negotiations
and other important market transparency issues. Being
of pan-European importance, the specific provisions
of the “Milk package” are not explicitly presented in
Table 2. However, it should be stressed that many of
them are crucial to the Greek dairy sector as well, but
most of them have not been incorporated in national
regulatory framework and only recently action was
taken - for instance with Law 4492/2017 (Table 2).

Table 2. Existing framework to improve market outcomes in the Greek dairy supply chain

Domain of
intervention

Existing framework/Initiatives in Greece

Market
transparency

All milk buyers, including farms which process their own milk, are obliged to access the
«ARTEMIS» system (Common Ministerial Decision 1678/111284/2015 (FEK B’ 2257/20-10-15)
which was repealed by Common Ministerial Decision 838/51008/2019 (FEK B’ 964/21-03-19))
and submit electronically the «Monthly Dairy Balance Statements» (Article 3, Common Ministerial
Decision 175180/11 (Government Gazette 1721 / 02-082011) (Article 151 of the CMO). The
purpose of milk balances is to control the legal use of all types of milk in dairy products as well

as to ensure that legal requirements are followed by processors subsidized by national or EU

frameworks and the correctness of the claims of the geographical origin of the raw material used in
the production of certain dairy products and the handling, disposal and delivery of milk by-products.
All businesses involved in buying or processing raw milk (cow, sheep and goat) are obliged to
upload data of the milk quantities they process each month. The Hellenic Agriculture Oorganizaton
(HAO) ‘Demeter’ manages data regarding raw milk production and reports monthly volumes of
milk processed and corresponding prices.

Information from the EU Milk Market Observatory is open to all interested actors (https://ec.europa.
eu/agriculture/market-observatory/milk en)

Risk
management

There are no specific policy measures supporting the risk management strategies undertaken by
farms and other businesses downstream the supply chain.

According to the RDP 2014-2020, Law No 3877/2010 created “.... a national system of protection
and insurance of agricultural activity”. With the same Law a «Directorate for Crisis and Risk
Management in the Agricultural Sector» was introduced. However, risk management (agricultural
production, income and risks in food chain) is in primitive form in Greece. The insurance of
production by the Greek Insurance Organization (ELGA) is compulsory.

Futures/
Derivatives
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Trading
practices

Law 4492/2017 seeks to harmonize the Greek framework with the European, especially when it
comes to late payments, in order to ameliorate the performance of supply chains. Under this Law,
payments should be done at 60 days from delivery the latest and 30% penalties would be imposed
to those who do not comply. Farmers and processors are obliged to announce all data regarding
their transaction to designated services. In addition, the Law introduced a new branding scheme
for milk, discerning the country where the milk was produced and/or processed and/or packaged,
thus reducing problems relating to false labelling. However, the Law did not provide for trade
relationships between Supermarkets and dairy industries, which is an issue tackled by the UTP
Directive in order to contribute further towards reducing UTP in food supply chains in Greece.

Contractuali-
zation

As part of the «Milk package» all Member States have the option to make written contracts between
farmers and industries compulsory. This has not happened yet in Greece.

The CAP and
competition
law

production).

Law 4384/2016 defined the legislative framework for the establishment and operation of
Agricultural Cooperatives and Producer Groups.

Numerous measures of the RDP 2014-2020 (for instance M01, M02, M07, M16 etc) provide
specific opportunities and/or higher support to Cooperatives and Producer Groups.

In Greece there are actually no POs of the magnitude described in the «Milk package» (33% of the
total national production), while since the total national production stands for 0.45% of the total
EU production, neither does the second «milk package» restriction apply (<3.5% of total EU milk

Access to
finance

One of the most serious problems of the Greek primary sector. It affects farm management

and ability to invest. The RDP 2014-2020 provides funding opportunities relating to farm
modernization, generational renewal etc. Moreover, the Greek development law 4399/2016
provided aid schemes to support the country’s less developed areas and improve competitiveness in
high added value sectors. In Greek legislation, however, there is no clear provision for a financial
institution geared to financing the agricultural sector.

METHODOLOGICAL FRAMEWORK

Numerous approaches to the assessment of trading
practices have been proposed. Rosa et al. (2015) ap-
plied an econometric model to analyze the efficiency
of the dairy supply chain in Italy and found that de-
creases in producer prices can be attributed to high-
er competition rather than information asymmetries.
Gorton et al. (2015) also employed a quantitative
analysis to study UTPs in food supply chains in the
USA and confirmed that trustworthiness was posi-
tively related to fair practices. Using a Global Value
Chain framework, Lianos and Lombardi (2016) pro-
vided a theoretical framework to examine food value
chains in contrast to competition law. Sexton (2017)
identified three main approaches and four types of
methodologies for empirical investigations of trading
practices (interpretive methodologies based on in-
terviews; surveys, either online, by phone, or face to
face; case studies; modelling).

As this study attempts to provide an assessment of
a food supply chain based on the TAM framework, a
qualitative approach was chosen in order to acquire
rich information to shed light to practices affecting
the overall performance and outcomes of the supply
chain. Qualitative research can be used to generate
knowledge about the perspectives of a phenomenon

or a situation and especially in-depth interviews may
yield important highlights based on the experience of
individuals (Hammarberg et al. 2016). According to
Sexton (2017), in-depth knowledge of the relation-
ships among actors in the supply chain could provide
explanations of the sources and implications of UTP
and demonstrate why such practices are present in
some settings and are less important in others. Exam-
ples of such approaches in food chain analysis include
the work of Broderick et al. (2001), Alonso and O’
Neill (2001), Ilbery and Maye (2005) and Connelly
etal. (2011).

The study area for the qualitative assessment of the
dairy supply chain in this study is the northern part of
the country (Thrace, Macedonia and Thessaly) where
80% of Greek cow milk is produced, almost 80% of
dairy cows are reared and more than 70% of farms
are situated. In-depth interviews were conducted from
August to October 2017 using three versions of a
carefully designed semi-structured questionnaire. The
first was for dairy farmers, the second for industries
and the third for Supermarkets. In all versions, ques-
tions were open-ended and were categorized in the six
domains proposed by the TAM framework (excluding
Futures and Derivatives) (Table 2). In more detail, all
actors were asked regarding their understanding of
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market transparency and the use of information sourc-
es; UTP phenomena they had been subject to; use of
risk management tools and relevant strategies; access
to finance and liquidity (e.g. bank indebtedness and
willingness to make loans); use of written contracts
and agreements upstream and downstream the supply
chain. Furthermore, respondents were asked about
their future investment plans but also questions about
the profile and development of their businesses. All
participants were encouraged to state their opinions
for issues not explicitly included in the questionnaire
but related to the scope of the study.

Interviews were conducted by at least two enumer-
ators, who noted all responses, and then all notes were
systemized and combined. In total, 11 dairy farmers,
8 representatives of dairy industries and two repre-
sentatives of Supermarket chains were surveyed, all
of which are situated in Northern and Central Greece
(Thrace, Macedonia and Thessaly). All surveyed
dairy farms were family-run; they reared 142 dairy
cows on average and yielded 7975 kg milk per cow
annually. Among the eight dairy industries, two were
Cooperatives and five private companies, while in
the eighth the staff and other companies were share-
holders. Their common characteristic was that they
all processed and distributed fresh cow milk, while
for seven of them this was their main activity. Apart
from that, each company also produced other dairy
products, mainly yoghurt and desserts. Most of these
industries also processed sheep and goat milk for
cheese, yoghurt or even fresh pasteurized goat milk
(two companies). Out of the six private companies,
three were family-run and three were S.A.s with nu-
merous shareholders. In addition, all these six com-
panies exported their products, while the two Coop-
eratives only targeted the Greek market. In the retail
sector, the Supermarkets surveyed here were major
actors in retail sales in Greece. Since anonymity was
guaranteed, no other characteristics of respondents
are reported here.

The presentation of the research findings was en-
riched with original quotations of respondents. This
method was preferred to add credibility to the results
and to help derive meaningful conclusions from this
study. This approach has become standard practice
in several similar studies, as the inclusion of whole
quotations generally helps readers assess the accura-
cy of the findings presented and thus adds credibility,
while it also enables more in-depth understanding of
the importance of the results described (Corden and

Sainsbury, 2006; Corden and Sainsbury, 2007; An-
derson, 2010; Bryman, 2016). Examples of previous
studies using this technique in order to generate more
detailed and in-depth knowledge of respondents’ at-
titudes and opinions include the work of Clark and
Gerrig (1990), Austin et al. (2005) and Hammarberg
et al. (2016), while no relevant study was found for
the dairy sector and for the assessment of the overall
value chain performance. Quotations in the Results
Section are identified only in terms of the type of re-
spondent (Dairy Farmer (DF); Dairy industry (Ind.);
Supermarket (SM)), while Industries are further dis-
cerned into Privately owned (Pr), family businesses
(Fam) and Cooperatives (Coop).

RESULTS

Market transparency

Milk price was one of the most important factors -
if not the most important - affecting the overall perfor-
mance of the market. For Industries, this was a critical
success factor and this was supported further by one
respondent who stated that

The development of our firm was largely based
on the high milk prices at the time we started (Ind,
Coop)

According to most dairy farmers and industries,
producer prices changed on a monthly basis and
were usually formed according to the distance of the
farm from the industry (transportation costs) and, of
course, quantity. Milk quality was another important
factor, affecting not only the final producer price but
also the quality of cooperation between the industry
and the farmer. Some dairies tended to set very high
quality standards and discard milk of lower quality,
while others (especially large ones) processed milk of
standard quality but at lower producer prices. Most
farmers felt strongly in favour of this strict quality
policy and claimed to follow very carefully all the
management guidelines provided by industries and
veterinarians. For example, one dairy farmer stated
that

1 am very happy with the Industry, so I do my best
to follow their rules. When I do, we both win (DF)

All respondents agreed that in the bargaining pro-
cess, downstream actors were stronger than the ones
upstream. This means that for farmers, Industries
were the strong competitor and for the latter “Super-
markets play the game” (Ind, Pr). On the other hand,
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even Industries were sometimes in a weak bargaining
position and most of the respondents mentioned that
the Law 4427/2017 would impact them adversely, as
they would have additional responsibilities against
farmers, without, however, having any assurance for
timely payments from retailers. Quoting a character-
istic statement from an Industry respondent

We are the weakest link of the supply chain, as
we are pressured from upstream (farmers) for better
producer prices and from downstream (supermar-
kets) for lower retail prices. We cannot shift this
pressure to farmers, because they will stop produc-
ing and this will be even worse (Ind, Fam.)

Super markets were the most powerful links in
the supply chain, they do not leave much room for
bargaining and there was total unanimity in this argu-
ment. Methods, strategies and practices followed by
farmers and dairies to increase their power are pre-
sented in other parts of the Results Section and are
discussed further in Section 6.

Regarding the formulation of retail prices, a com-
mon mechanism was described by Industries with
slight variations. The procedure started with Indus-
tries proposing a starting price (common price list)
to all retailers, including Supermarkets. After nego-
tiation, both parties decided a commonly accepted
baseline price, based on product type and diversity,
as well as on their quantity. The difference between
baseline prices and starting prices varied according
to the bargaining power of each player. For instance,
industry respondents reported a good level of mutual
understanding with small retailers (pastry shops etc),
but mentioned that bargaining with supermarkets was
not flexible because of their power. This was also due
to the fact that Supermarkets control much higher
proportions of the whole market, compared to Indus-
tries, which also demonstrates a lack of horizontal
collaboration among Industries, as was explained by
one respondent

We work together well in general with other in-
dustries, when this is needed, but competition is high
and there is very little room for communication. This

is one of the reasons why supermarkets define the
prices (Ind, Pr)

Nevertheless, differences between starting prices
and baseline prices were lower for high quality prod-
ucts. According to one Industry respondent

While in the beginning super markets did not
want to bargain with us and rejected our products,
now they come to us and bargain. This is all because
of our quality: if your product is good, you will find a
decent way to sell it (Ind, Pr)

Supermarket representatives also referred to quali-
ty, which they posed in a very central position in their
development strategies. It was mentioned that

We are always open to new quality products: we
want consumers to connect us with quality and we
pay more for that (SM)

In addition, it was ascertained that dairies which
fail to provide products of at least acceptable and sta-
ble quality in a timely manner were excluded from
their shelves.

The prices paid by Supermarkets to industries were
usually lower than the agreed baseline prices because
- in most cases - the contracts also included promo-
tional activities for industries which were translated
to lower payments. Such activities (as described by
respondents) included: better shelf positioning, sepa-
rate promotion spot inside the store, television adver-
tisement, in-store promotional activities, supermarket
leaflets, availability in more branches of the same
chain etc. These promotional activities were some-
how “compulsory”, in a sense that industries were
pushed to choose at least some of them. In other cas-
es, supermarkets agreed to undertake the transporta-
tion costs or, in cases of hard bargaining, they agreed
to incur part of the marketing costs. Under another
type of agreement - explained by one respondent -,
the baseline price was fixed, but then, periodically, a
“sales price” was set, which brought a reduction of
the final payment to the industry. As a result of these
practices, Industries got significant lower prices and
this was explained specifically by one respondent

When this whole issue with promotional activities
started, things were reasonable and price reductions
were up to 15%. In the past few years this changed
and now price reductions are significantly higher.
Supermarkets are far off (Ind, Pr)

Because of this practice, the final price of the prod-
uct is generally formulated usually 1-3 months after
the initial agreement. This method does not allow
prices to be revealed to competitors early.

Regarding information sources, there was a con-
siderable divergence between respondents. All indus-
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try respondents mentioned that Artemis system was
useful and relevant and that they regularly visited
EU observatories; however, they expressed different
views as to their practical importance. On the other
hand, dairy farmers were in general more skeptical
about the importance and contribution of Artemis sys-
tem, while only two of them were aware of the EU
Milk Market Observatory.

Risk management

Risk management relative to liquidity and the over-
all economic environment was discussed with all re-
spondents. Industries did not specifically refer to the
availability and/or use of such tools, which could help
them overcome financial stress. On the other hand, most
farmers had used at least once financial help from an
EU-funded measure for investments (e.g. financial sup-
port for modernization and investments or the “Young
Farmers” measure) and explicitly acknowledged the
importance of their decision. However, still this was
not a risk management tool but rather a measure to in-
crease economic performance and competitiveness.

During the interviews, the discussion about risk
management was expanded to their overall strategies
for reducing risks or dealing with it, because this is-
sue was particularly relevant to the overall adverse
economic environment. Risk management differed
among industry respondents. In general, most of
them did not refer to particular strategies and mainly
mentioned the ability to foresee market trends, high
product quality and stable exports as key aspects to
reduce risks. Apart from that, one industry respondent
also mentioned the importance of adequate liquidity
and of diversification to many products and activities
while another one stated that

Only products with added value can support the
normal operation of our company. This is why we
have turned to yoghurt and ice cream (Ind., Fam.)

One of the topics of this discussion concerned
attitudes and practices regarding new investments.
All respondents (farms, industry, supermarket) de-
scribed relatively concrete strategic expansion plans,
which all included planning or even actually realiz-
ing investments but differed in terms of timing and
resources. For farms, common investments included
infrastructure (new machinery, expansion of build-
ings etc), genetic improvement of cows, increases
in flock size and novel herd management practices.
For dairy industries expansion of infrastructure and

capacity as well as research and development of new
products (customized for specific markets) were the
main investments planned, because, as one Industry
respondent mentioned

Quality products will ensure high bargaining
power (Ind, Pr)

Another issue which respondents related to risk
management was the number and size of suppliers.
Upstream the value chain, industries stated that they
preferred to collaborate with a relatively large number
of dairy farms of all sizes, in order to avoid depen-
dence on specific suppliers. Industry respondents also
affirmed that farm size was not related to the quality
of cooperation between them. Some indicative re-
sponses are presented below

Medium and/or big farms (2tn/day) are better to
work with, because they are more viable due to low
production costs and usually, they achieve higher
milk quality (Ind, Fam.)

Big farms tend to by unsteady. They change
industries very easily, so you cannot rely on them
(Ind, Pr.)

1t is easy to become highly dependent on a Coop-
erative and then you lose all your flexibility (Ind, Pr.,)

Downstream the supply chain, industries pursued
deals with super markets (large chains or local ones)
while sales to small retailers only stood for a small
part of their total revenues. However, the opposite
point was raised regarding the quality of cooperation,
which translated to stability and reduced risks for
most industries. As one respondent stated

1t is sometimes easier to get by with small local
retailers: They don 't ask too much and they are loyal

(Ind, Fam)

Supermarkets were in line with industries, as they
tended to develop a large network of suppliers of all
types (family, local, nation-wide industries).

Own label products constituted a particular type
which was gaining high market shares but also served
as a risk management tool for industries. One indus-
try respondent explicitly described the benefits of in-
volvement in this type of production

With these products, we have no unexpected re-
turns. The demand from retailers is regular and the
price is fixed, there are not many changes in orders
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and supermarkets do not drive a hard bargain. Thus,
we operate better. This regularity in orders - produc-
tion - storage - payments/prices allow us to concen-
trate on our own brand. Also, these regular payments
stand for a significant part of our revenues, which pro-
vides us financial stability. (Ind, Pr)

However, own label products could have a neg-
ative impact on the overall reputation of the firm, if
not enough focus was given on the brand name. This
would affect adversely the market demand of the prod-
ucts (branded and private-label) and, consequently, its
bargaining position with super markets and retailers.
As one Industry respondent explained

Our brand name is our most important asset in
bargaining with Supermarkets (Ind, Coop)

Supermarkets also seemed to favor the develop-
ment of own label markets, as illustrated in the fol-
lowing quotation.

We gain consumers’ trust with our own label
products and we reduce our reliance on strong labels
(SM)

A different pricing policy was described for private
label products. These products received a baseline
price mutually agreed between the Industry and the
Supermarket, which was usually explicitly mentioned
in the contract and remained steady for a relatively
long period. Then, the supermarket covered for a part
of this baseline price and for the cost of all promo-
tion activities, so that the product finally reached the
consumer at a lower price (mark up). In this context,
Industries undertook the sole obligation to provide the
agreed quantities. Therefore, risk in this type of pro-
duction lied mainly in the internal processes of the
firm and not on external factors, including pricing.

Two issues which are closely related to risk man-
agement of dairy industries are logistics and packag-
ing. Having an own transportation and distribution
network provided them flexibility to a certain level.
All firms had such infrastructure, however the extent
of their own distribution network varied significant-
ly. Two types of logistics organization were basically
described. The first was adopted by large firms and
involved a well-developed own network within a sig-
nificant radius and external transport only for very
long distances. The second type involved a small
but well-organized transportation infrastructure for
local markets and collaboration with external com-
panies for more remote areas. For this type, written

contracts between dairy industries and transportation
companies were rare, however steady cooperation
was maintained with specific companies. Concern-
ing packaging, dairy industries involved most com-
monly worked closely with two or three companies,
which provided them with all the necessary materials.
Most firms mentioned that Greek local companies of
this type were lacking, so they collaborated with na-
tion-scale or foreign companies. None of the respon-
dents mentioned any type of written agreement with
this type of suppliers

Trading practices

All respondents referred to the developments of
the market and to the leading role that Supermarkets
had undertaken and still played. For actors down-
stream the supply chain, Supermarkets were the
strongest link, which puts pressure on them, but the
Supermarket respondent also explained that even his
company was receiving pressure from multinationals.
The following quotations illustrate the diverse opin-
ions of the two types of actors

Supermarkets have been expanding in an irra-
tional way during the past few years: Many new
branches, thus high needs for liquidity. The pressure
for more funding has been passed on to us (Ind, Pr)

We always try to maintain our shares in markets
and it is true that we receive a lot of pressure from
multinational suppliers (SM)

Not all industries accepted unsold product returns
(in particular one respondent revealed that this was
an explicit written term) and also no unsold product
returns were accepted for own label (confirmed by at
least three respondents). Returned products were usu-
ally used for animals (e.g. in swine farms) and one
industry used them for biogas production, which cov-
ered for 70-80% of their energy needs.

Late payments

One industry respondent discussed the issue of late
payments from Supermarkets to dairy industries. He
mentioned that the whole issue started from the dair-
ies themselves, initially as a tool for market penetra-
tion. Quoting his own words:

Some small local industries proposed to super
markets to pay them later instead of lowering the
price of products. They considered late payments

better than lower payments. Little by little, this prac-
tice became popular (Ind, Pr)
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It was confirmed by industries and supermarket
respondents that Supermarkets pay dairy industries
within 90-150 days from delivery. However, it should
be stressed that one supermarket denied that this is
a form of UTP, as the time of payments was always
agreed by both sides, not in written though. It was
mentioned that only one Supermarket chain currently
makes monthly payments, but mainly for private la-
bel products. However, it was described that in some
cases supermarkets provided a kind of an advance
payment. The Supermarket respondent elaborated ex-
tensively on his opinion of UTP and explained that
his firm avoided such practices, because in the long
run they have negative effects on the market and of
the business. In a specific part of this discussion he
mentioned that

Unilateral changes do not favor any link of the
supply chain. The new Law will not be of any use
if the market itself does not decide to abolish UTP

(SM)

Industries did not report late payments for farm-
ers. On average payments were actually made within
30-60 days after delivery. According to the industries,
whenever there was a contractual agreement, pay-
ments were always made according to the contract:
one part was deposited in the farmer’s bank account
and the rest was paid by cheque. Farmers confirmed
that late payments were actually very rare - especially
compared to 1-2 years ago - and that especially in cas-
es of trustworthy relationships with family-run indus-
tries, late payments were treated with understanding.
Some farmers also mentioned that industries provided
them deposits in times of increased need for liquidi-
ty and retained the amount from future milk sales. A
dairy farmer mentioned that

They have helped me in times of need, so I should
also be understanding when are in too deep (DF)

Contracts with farmers

There are cases of written contracts, which were
explicitly described by few farmers and two dairy
industries. One dairy farmer - owner of one of the
largest farms in the survey - described a type of writ-
ten contract by means of which the industry provided
technical advice, veterinary support and drugs and re-
tained the value of these services from monthly milk
payments. Apart from this example, however, it was
common not to make written contracts because pric-
es changed monthly while milk production by farms

remained relatively stable throughout the year, unlike
sheep and goat milk (especially from September to
November). In addition, the survey revealed that most
farmers were risk-averse and preferred long standing
collaboration based on mutual understanding and
trustworthy relationships. This was also confirmed by
all Industry respondents. The following quotations il-
lustrate this point of view.

Contracts with farmers are not necessary. We
maintain long-standing cooperation with most of the
farms, while also new farms who join us, they do so

based on trustworthy relationships. (Ind., Fam.)

1 trust my industry, but even if [ didn't, [ ‘m not
sure that a contract would help me a lot (DF)

Cooperatives operated under a different rationale.
Although their management resembled private firms,
they primarily worked with their members, with
which, obviously, there was no need for a further con-
tractual agreement.

CAP and competition

It has already been discussed that Greek coopera-
tives are away from the maximum thresholds set by
European legislation concerning competition. When
it comes to farms, this is also the case as most Greek
dairy farms are not of a large size that would render
them capable of affecting market prices (Table 1).

Access to finance

As was expected, many respondents made specific
reference to the overall fiscal environment. Although
some industry respondents made particular references
to taxation and social security payment rates, none of
them revealed relocation to neighboring countries as
an option that they would consider. One respondent
from a Supermarket chain assessed access to finance
as the most important issue in the operation of the
firm, although he did not report such problems. He
also confirmed that Supermarkets provided deposits
to dairies in order to improve their liquidity “...espe-
cially during the first period of capital controls”.

Liquidity was pointed out one of the key issues
for survival, performance and expansion. Especially
Cooperatives found it more difficult to use existing
funding tools from banks, so specific adjustments
were needed. Nonetheless, most businesses managed
to survive and even thrive during the crisis. Liquidity
did not seem to be a serious constraint, as is highlight-
ed in the quotation below. The fact that all of them
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planned some type of investment and/or expansion
confirms this allegation made by respondents.

There was never a problem with liquidity, even
during the crisis. The crisis only reduced our high
growth rates (Ind, Fam)

Liquidity and financing issues were also raised
by farmers, although to a less degree. Two farmers
claimed not to have suffered from the crisis in this re-
spect. In fact, financing issues were mentioned mostly
in terms of low prices rather than because of irregular
cash flows, although in the past there were periods
of late payments. Bank loans were scarce and none
of the respondents mentioned high indebtedness to
banks.

Most industry respondents referred to the recent
bankruptcy of a major Supermarket chain. All of
those who raised this issue agreed that it caused a
major turbulence in the market, not only at the actual
period of the bankruptcy but also before, and that the
consequences are still evident. In fact, this was one of
the sources of reduced liquidity for industries for one
period. As explained by one Industry respondent

Things are not the same in the market after this
bankruptcy. Supermarkets started to ask us to accept
more in-store promotional activities and the situation

became more suffocating for all of us (Ind, Pr)

DISCUSSION

Table 3 summarizes the findings of the survey. The
Table shows the main issues actually affecting the
outcomes of the Greek dairy supply chain. In what
follows some additional points are discussed and
compared to previous findings.

The fact that retailers are the strongest link in the
supply chain has also been pointed out by other au-
thors. Maglaras et al. (2015) noted that this was a glob-
al phenomenon, attributable, inter alia, to high retail
market concentration and closer outlook on consumer
preferences as well as to the increasing market shares
of own brands. Lianos and Lombardi (2015) pro-
claimed the need for specific legislative adjustments
to address this issue, while Sexton (2017) provided a
list of specific cases where retailers were found to ex-
erce UTP. This fact was partially due to information
asymmetries, which compromised market transparen-
cy. Indeed, although industry respondents stated con-
stant use of Milk Price Observatories, dairy farmers
did not know about their existence and only used the

Artemis system to input milk production data. There-
fore, actors did not share a relatively equal level of
information. This implied that there was considerable
room for improvements and that the implementation
of the Directive could play an important role towards
this direction, for instance by facilitating the exchange
of information and experience between States and by
collecting and publishing complaints about UTP.

The survey showed that the use of written con-
tracts was not widespread. Written contracts was
avoided by risk-taking farmers who sought to profit
from temporal increases in prices and grasp market
opportunities, while risk-averse farmers preferred to
build their collaboration upon trust. These findings
were in line with Gorton et al. (2015), who found
that trustworthy relationships were affected by (i) the
number of commercial buyers, (ii) the ease of farm-
ers’ costs of switching among buyers, (iii) the size of
the supplier, and (iv) the supplier’s membership in a
marketing cooperative.

The issue of dependence (also highlighted by
other authors e.g. Maglaras et al. (2015); Dobson
(2005); Sexton (2017)) was raised by survey respon-
dents. Farmers and industries tried to reduce their
dependence on their buyers (industries and retailers
respectively). One type of this strategy was the im-
provement of quality. Although Sexton (2017) argued
that quality reduction was a relatively common way
to reduce costs under UTP, this was not supported by
the qualitative data of this survey. In fact, most in-
dustries stated the opposite i.e. that they sought to in-
crease quality in order to improve their bargaining po-
sition. Farmers were in line with this and also wanted
to increase their quality. Another type of this strategy
was innovation and investment, for which the survey
revealed high potential, contrary to what would be ex-
pected under UTP (e.g. Sexton, 2017). Dairy farmers
tended to increase their size and to produce more in
order to increase their bargaining power. The R&D
departments of industries launched new products in
order to increase their bargaining power against su-
permarkets and to diversify towards covering the de-
mands of international markets. This type of behavior
was also pointed out by Inderst and Wey (2007) in
their elaboration of a theoretical framework to explain
retailers’ market power. Hence, the overall operation
of the Greek dairy supply chain did not hinder product
innovation and market development. Quality, innova-
tion and investment in food supply chains were con-
text-related and should be treated as such.
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Table 3. Overall assessment of the Greek dairy cow sector based on respondents’ views (TAM (2016) framework)

Market Prices are formulated based on numerous factors, including strict quality standards. Final product
transparency | prices are formulated after a few months. Information asymmetries.
Risk Industries did not declare the use of risk management tools, while for farmers the use of CAP funding
management | has been used extensively, still not as a risk management tool. Regarding risk management practices
and strategies, «Own label» products help the firm to operate in a smoother way. Regular payments
provide financial stability. Dairies seek to combine branded, private label and exportable products
to minimize risks. Specialization on products with high added value (yoghurt and ice-cream) and
new products. Most investments during the crisis were made with own funds (see also (7)). Various
strategies in terms of choice of packaging suppliers and logistics. Risk-averse farmers tend to sell to
the same dairy for long periods, while others (especially big) prefer to change dairies for higher prices.
Dairies in general prefer to sign deals with large supermarkets as a risk-aversion mechanism.
Trading Supermarkets are the strongest link and “set the rules” in negotiations. Unilateral changes only during
practices in | negotiations. Payments from industries to farmers are usually not late. There are delayed payments
agricultural | from supermarkets to industries (2-5 months), which, nevertheless, were initiated by some dairy
markets industries. Own label products gain market shares, without causing explicit problems to actors in the
supply chain. In-store promotional activities decrease the final price paid to industries and this is going
to be tackled by the Directive.
Contractua- | Written contracts are not usual either for farmers/industries or for industries/suppliers. Even when
lization contracts are signed with farmers, prices are not fixed (they change monthly according to market
trends, quantity and quality). Trustworthy relationships are important.
Agreements between supermarkets and industries are written and formal and include a basic level of
information about promotional activities, product process, returns of perished products. No contracts
with small retailers
The CAP and | Issues here are not highly pertinent to the Greek dairy cow sector, however a facilitation of the process
competition | for access to finance by POs would be beneficial. In general, the provision of the «Milk package» are
law not implemented in the Greek setting and there is much room for improvements towards this direction.
Access to Adequate liquidity would boost even more the operation and performance of industries. The crisis and
finance late payments reduce it. For farmers, liquidity is not a serious issue and they plan to make investments
mostly with own funds. Cooperatives find it more difficult to use existing funding tools from banks.
Industries and Supermarkets make easement payments to their respective suppliers.

Own label products have been identified as a po-
tential source of UTP (Maglaras et al., 2015) but in
this study this was not confirmed. None of the respon-
dents expressed negative assessments of the impact
of these products on their performance. On the oth-
er hand, two industry respondents claimed that these
products help them to balance their activities and re-
duce risks, while Supermarkets were also in favour of
promoting such products.

Regarding POs, the survey revealed an alternative
operation model. Although it is acknowledged that
larger POs are able to provide better services to mem-
bers and contribute to higher producer prices, not only
locally and for their members, but also for other set-
tings ((Velazquez and Buffaria, 2017; Bijman et al,
2012), the institutional framework in Europe hinders
the development of large Cooperatives, as they op-
pose the Competition Law lacking relevant deroga-
tions. In Greece, dairy Cooperatives are now expand-
ing and it is interesting to see how this process will
evolve in the future.

CONCLUSIONS

This study constitutes a first endeavor to imple-
ment the TAM (2016) framework in assessing the
market outcomes of the dairy cow supply chain in
Greece. Using qualitative survey data, the supply
chain was evaluated in six out of the seven domains,
as futures were not applicable to the context of the
study. The assessment of the views of farmers, in-
dustries and supermarkets showed that the TAM
(2016) framework is a useful tool to collect qualita-
tive market information and to assess outcomes and
performance for the supply chain as a whole and not
only for specific actors, links or segments. Since the
qualitative analysis did not reveal any important UTP
or other practices that are particularly harmful to the
overall performance of the Greek dairy supply chain,
the sector showed positive prospects. Indeed, as Sex-
ton (2017) pointed out, loosely concentrated market
structures entail worse results for farmers that high-
ly concentrated markets, the current developments in
the structure of the sector show a transition towards
a more efficient organization, maybe as a result of
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modernization. However, a good level of horizontal
collaboration among Greek dairy industries might
be what is actually missing from the sector, as this
lack of cooperation was identified as a cause of late
payments and potentially a source of UTP between
Supermarkets and dairy industries. From the primary
production point of view, the provisions of the “Milk
package” could be important in improving market
outcomes in Greece in general.

One of the main conclusions of this study is that
there is ample room for further research, both in the
dairy sector and in the field of trading practices and
improvement of market outcomes in general. In fact,
the main limitation of this study is that it only com-

prises a relatively small number of farmers and super-
markets and a part of dairy industries. Nonetheless,
the in-depth interviews have raised important issues
to be investigated and analyzed in the future. More
qualitative studies of trading relationships are neces-
sary to understand supply chain dynamics and these
should be complemented by quantitative assessments
of their true repercussions. This is in line with Sexton
(2017) who also pointed out a gap in the analysis of
UTPs in food supply chains. One more specific issue
to be addressed is the role of consumers in maintain-
ing or combatting UTPs and the effects of the latter to
their consumption patterns. Falkowski (2017) provid-
ed a discussion of available methods and approaches
in this domain, which remains relatively unexplored.
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ABSTRACT. Capsaicin (trans-8-methyl-N-vanillyl-6-noneadamide) is a pungent ingredient in red peppers from
the Capsicum family. Insulin-like growth factor-I (IGF-I) is expressed in granulosa cells and has an important role in
ovarian development. However, there are no data about the IGF-I expression in ovarian granulosa cells after capsa-
icin treatment. The aim of this study was to investigate the expression of IGF-I and its receptor (insulin-like growth
factor-I receptor [IGF-IR]) in primary rat ovarian granulosa cells after low and high doses of capsaicin treatment. For
this, granulosa cells were isolated and cultured from ovaries of 30-day-old female Sprague-Dawley rats. Granulosa
cell plates were divided into four groups as cell control (C), vehicle control (V), and 50 uM and 150 uM capsaicin
groups. In experimental groups, granulosa cells were exposed to capsaicin for 24 hours and immunocytochemistry was
performed afterwards using anti-IGF-I and anti-IGF-IR antibodies. Both IGF-I and IGF-IR expressions were found to
be significantly increased in parallel to the capsaicin doses. Elevated levels of IGF-I may be a risk factor for ovarian
development. Because of the crucial role of IGF-I in ovary development, capsaicin treatment can be effective on fol-
licular development and/or disorders characterized by high IGF-I levels.
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INTRODUCTION
Insulin-like growth factor-1 (IGF-I) is a basic peptide
comprised of 70 amino acids and promotes differ-
entiation of various cell types with its anti-apoptotic
activity and anabolic effect (Daughaday and Rotwein
1989). In addition to ubiquitous distribution in vari-
ous tissues, the ovary is a major site of IGF-I produc-
tion in mammalians (Daughaday and Rotwein 1989).
IGF-I is highly expressed in the ovary and its mRNA
is concentrated in all stages of developing follicles’
granulosa cells (Kadakia et al., 2001). IGF-I and its
receptor (IGF-IR) are important factors that regulate
ovarian cells’ proliferation and differentiation as well
as follicular development and ovulation (Armstrong
and Webb 1997; Zhou et al., 2013; Baumgarten et al.,
2017). IGF-1 enhances FSH-stimulated estrogen and
progesterone production by increasing steroid bio-
synthetic enzyme activities and induce LH receptors
(Davoren and Hsueh 1884; el-Roeiy et al., 1993). In
vitro studies demonstrated that IGF-I stimulates gran-
ulosa cell proliferation in the ovary of rat (Adashi et
al., 1985), human (Wood et al., 1993), pig (Xia et al.,
1994), sheep (Campbell et al., 1995) and cow (Arm-
strong et al., 1996; Stubbs et al., 2013). IGF-I null
mice are infertile with an arrest at the preantral folli-
cle stage similar to FSHf- and FSHR-deficient ovaries
(Baker et al., 2000). In addition, IGF-IR stimulates
the development, transformation and differentiation
of cells (Baserga 1995 and 2000; Chen and Sharon
2013). Previous studies showed that removal of the
cell membrane IGF-IR by the abolition of the IGF-
IR gene, suppression of cell expression or inhibition
of function could lead to cell transformation (Baserga
1995; Baumgarten et al., 2017).

Capsaicin (CAP) is the pungent ingredient in hot
chili peppers of the family Capsicum. It is wide-
ly consumed as food additive and topical analgesic
(Surh and Lee 1996; Arora et al., 2011). Besides, CAP
is currently being utilized for therapeutic treatment of
various clinical conditions such as pain relief, rheu-
matoid arthritis, diabetic neuropathy, obesity, car-
diovascular and gastrointestinal conditions (Josse et
al., 2010; Sharma et al., 2013). CAP excites senso-
ry neurons by binding to its receptor (TRPV1- cap-
saicin-sensitive receptor transient receptor potential,
vanilloid type 1), localize on primary afferent neurons
(Wardle et al., 1997; Nagy et al., 2004; Nakagawa and
Hiura 2006). CAP-sensitive sensory neurons are noci-
ceptive neurons that are known to activate ligand-gat-
ed, nonselective cation channels such as CGRP, sub-
stance P (SP) and neurokinin A (Jessell et al., 1978;
Saria et al., 1987). Some researchers have suggested

that CAP-sensitive sensory nerves could play a role
in regulating the fertility and follicle development in
females (Traurig et al, 1984; Pintado et al., 2003).
Little is known about the effects of CAP on the fe-
male reproductive system. Pintado et al. (2003) treat-
ed female rats neonatally with a high dose of CAP (50
mg/kg) and found that rats exhibited an apparently
normal courtship behavior but a lower reproductive
success and litter size compared with control animals.
On the contrary, low dose CAP protected the follicles
from apoptosis and atresia, and stimulated follicular
development (Zik et al., 2010). Ozer et al. (2005) fed
laying hens with a diet containing red hot pepper and
demonstrated that follicular development was stimu-
lated and laying performance was improved.

Previous studies have identified a link between the
insulin family of trophic factors and TRPV1, showing
that IGF-I sensitize TRPV1 receptors (van Buren et
al, 2005). But to our knowledge, the mechanism of
the effect of capsaicin in connection with IGF-I and
IGF-IR in rat ovarian granulosa cells has not been re-
ported. The objectives of this in vitro study, thus, were
to examine (1) the expression of IGF-I and IGF-IR in
rat ovarian granulosa cells, (2) effect of low and high
dose CAP treatment on the expression of IGF-I and
IGF-IR in rat ovarian granulosa cells.

MATERIALS-METHODS

Animals

Female Sprague-Dawley rats (30 days old) ob-
tained from the Bursa Uludag University Experimen-
tal Animals Breeding and Research Center were used
throughout the experiments. All procedures were per-
formed after the approval of the Bursa Uludag Uni-
versity Animal Research Local Ethics Committee
(Approval No. 2011-09/03). Handling and euthanasia
of rats were performed according to the National In-
stitute of Health Guide for the Care and Use of Lab-
oratory Animals. The animals were housed five per
cage at 20-24°C with a 60-70% humidity and 12/12
h light/dark cycle, and fed ad libitum. Euthanasia was
performed by cervical dislocation after ether inhala-
tion and the ovaries were harvested for culturing.

In Vitro Culture and Treatment

Granulosa Cell Culture

Granulosa cells were prepared as described pre-
viously with some modification (Uzumcu and Lin
1994; Zachow and Uzumcu 2006). Briefly, ovaries
from the animals were rinsed in cold Hanks’ Balanced
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Salt Solution (HBSS) medium (PAN-Biotech GmbH;
P04-34500; Germany) supplemented with 1% 1,000
U/ml penicillin G, 10 mg/ml streptomycin sulfate
(Bio-Ind; 03-031-1B; CT, USA). Afterwards, the ova-
ries were cleaned of all connective tissues and fat and
were moved into Dulbecco’s Modified Eagle Medi-
um/Nutrient Mixture F-12 (DMEM/F12) medium
(Gibco™;11039-021) supplemented with 10% fetal
bovine serum (FBS) (Bio-Ind; 04-007-1A) and 0.1%
1,000 U/ml penicillin G, 10 mg/ml streptomycin sul-
fate. Ovaries were punctured using a non-enzymatic
needle puncture method with 27-gauge needle to ex-
trude granulosa cells and the extract was then filtered
through a 70 um filter. The cell suspension was centri-
fuged at 200 g for 5 minutes, resuspended in a culture
containing DMEM/F-12 medium supplemented with
10% FBS, and 0.1%, 1,000 U/ml penicillin G, 10 mg/
ml streptomycin sulfate and then plated (Uzumcu and
Lin 1994; Zachow and Uzumcu 2006).

The following day (day 0), the media were replaced
with fresh media. Four groups were assigned: (1) cell
control group (C), (2) media containing vehicle solu-
tion (0.01% DMSO; Ambresco; N182) for vehicle
control (V), (3) low dose (50 uM) and (4) high dose
(150 uM) of CAP (Sigma-Aldrich; M2028) diluted in
vehicle solution. The cells were cultured at 37°C in a
humidified atmosphere of 5% CO,. Twenty-four hours
after treatment, the experiments were terminated.

Immunocytochemistry

Granulosa cells were grown on coverslips in 24-
well plates. The cells on the coverslips were washed
three times in PBS. The cells were then fixed in 4%
paraformaldehyde at room temperature for 15 min and
permeabilized with 0.1% Triton X-100 for 10 min.
The cells were blocked (Vector Lab., MP7401) for 20
min and incubated with anti-IGF-I (1:200), and anti-
IGF-IR (1:250) antibodies at 4°C overnight and with
the secondary antibody (Vector Lab.; MP7401) for 30
min. Cells were then treated with 3,3’-diaminoben-
zidine (DAB) for 5 min, counterstained with Harris
Hematoxylin for 2 min, and the slides were then ex-
amined under Nikon Eclipse 80i microscope at a mag-
nification of x400. Five microscopic areas were ran-
domly counted and the percent value of stained cells
was calculated for each experiment groups by both
investigators. The average of two readings was taken.

Immunoflorescence
The cells were blocked with 5% BSA (in PBS) for 1
h followed by incubation with IGF-I (1:200) and IGF-

IR (1:250) antibodies at 4°C overnight. Cells were then
incubated with bovine anti-rabbit IgG-FITC (Santa
Cruz; sc2365) secondary antibody (1:200) for 1 h in
a dark room. Then coverslips were mounted and cells
were visualized under Nikon Eclipse 80i microscope.

Statistical Analysis

The data were analyzed using the IBM SPSS Sta-
tistics 22. The normality of the data were determined
by the Shapiro-Wilk test. Statistical significance be-
tween the groups was analyzed by the Kruskal-Wal-
lis Test, followed by Mann-Whitney U posthoc test.
Bonferroni correction was applied in order to control
of alpha (0/k=0,008). All experimental data are ex-
pressed as meantSD of three separate experiments,
each carried out in replicate. A value of p<0.05 was
taken as statistically significant.

RESULTS

Granulosa cells in well plates were examined 24 h
after CAP addition. Regular epithelioid structure and
compact cell-cell interaction were observed in low
dose CAP (50 uM) and control groups (Figure 1A).
However, in the high dose group (150 uM), the struc-
ture of granulosa cells appeared deformed and cell-
cell interactions were disrupted (Figure 1B).

The expression of IGF-I and IGF-IR was observed
in the cytoplasm of granulosa cells ; the intensity
was more prominent in the perinuclear area (Figures
2, 3). Rat ovarian granulosa cells with/without CAP
addition were able to release the IGF-I and IGF-IR
(Figures 2-4). Dose of CAP (50 and 150 pM) had a
significant (p< 0.05) influence on IGF-I and IGF-IR
expression. Highest number of cells expressing both
IGF-I and IGF-IR was found after CAP treatment at
the highest dose when compared to control and vehi-
cle groups (p< 0.05) (Figure 4).

There was no statistical significance between
the control and the vehicle group (p>0.05) regard-
ing IGF-I immunoreactive cells, while CAP treated
groups had significantly higher immunoreactive cells
compared to the control groups (p< 0.05) (Figures 2,
4). Also, there is statistical significance between the
groups administered dose 50 uM and 150 uM of CAP
(p< 0.05) (Figures 2, 4). When IGF-IR results were
evaluated, there was no significant difference between
the control groups, but the difference was significant
between the control and CAP groups difference of
CAP groups. (p< 0.05) (Figures 3, 4). The number
of granulosa cells expressing IGF-IR was more than
IGF-I positive cells in all groups (Figure 4).
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Figure 1. Morphological structure of ovarian granulosa cells A. Healthy ovarian granulosa cells (arrow) after 24 h, 50 uM CAP treat-
ment, (Bar: 100uM ), B. Apoptotic ovarian granulosa cells (arrowhead) after 24 h, 150 uM CAP treatment, (Bar: 100uM).
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Figure 2. A. Positive (arrow) IGF-I expression in ovarian granulosa cells; 24 h, 50 pM CAP treatment (IF method) (Bar: 25uM ). B.
Positive (arrow) and negative (arrowhead) IGF-I expression in ovarian granulosa cells; control group (ICC method), (Bar: 50uM ),
C. Positive (arrow) and negative (arrowhead) IGF-I expression in ovarian granulosa cells; 24h, 50 uM CAP treatment (ICC method),
(Bar: 100uM ), D. Positive (arrow) and negative (arrowhead) IGF-I expression in ovarian granulosa cells; 24h, 150 uM CAP treatment
(ICC method), (Bar: 50uM ).
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Figure 3. A. Positive (arrow) IGF-IR expression in ovarian granulosa cells; 24 h, 50 uM CAP treatment (IF method) (Bar: 25uM ), B.
Positive (arrow) and negative (arrowhead) IGF-IR expression in ovarian granulosa cells; control group (ICC method), (Bar: 25pM ),
C. Positive (arrow) and negative (arrowhead) IGF-IR expression in ovarian granulosa cells; 24h, 50 uM CAP treatment (ICC method),
(Bar: 25pM), D. Positive (arrow) and negative (arrowhead) IGF-IR expression in ovarian granulosa cells; 24h, 150 uM CAP treatment
(ICC method), (Bar:25 pM ).
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Figure 4. A. IGF-I expression, B. IGF-IR expression in ovarian granulosa cells.
* k% *x% difference between groups, p<0.05. C, cell control ; V, Vehicle control.
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DISCUSSION

Many growth factors have been reported to par-
ticipate in ovary physiology (Sirotkin 2011). IGF-I
is one of them that amplifies gonadotropin action in
granulosa and theca interstitial cells by acting on the
IGF-IR (Maestro et al., 1997). Stimulating effect of
IGF-I on granulosa cell proliferation has been shown
in many in vitro studies (Adashi et al., 1985; Camp-
bell et al., 1995; Armstrong et al., 1996; Surh and Lee
1996). IGF-I stimulates initiation of preantral fol-
licles development by revealing mRNA and protein
levels. The presence of IGF-IR was demonstrated in
the same study (Stubbs et al., 2013). Baumgarten et
al. (2017) reported that IGF-I and IGF-IR expression
were found in granulosa cells of follicles from the pri-
mary to the antral stage and expression of IGF-IR in
granulosa cells is essential for reproduction and lack
of IGF-IR leads to apoptosis in granulosa cells. IGF-I
gene expression in cell type-spesific in ovary, 10-fold
greater abundance of IGF-I transcripts in granulosa
cells as compared with theca-interstitial cells (Her-
nandez et al., 1989). IGF-I staining localization and
intensity in granulosa cells in our study also support
previous data.

Effect of capsaicin on various type of cells is influ-
enced by the administered dose (Pintado ef al., 2003;
Ozer et al., 2005; Zhang et al., 2008; Zik et al., 2010;
Alatriste et al., 2013). Many researchers have sug-
gested that high dose of CAP affects steroidogenesis
by creating degeneration in the sensory nerves of the
hypothalamus-pituitary-ovarian pathway (Moran et
al., 2003; Pintado et al., 2003; Alatriste et al., 2013).
Moran et al. (2003) injected CAP (50 mg/kg, sc) at
birth and in 3 day-old rats which resulted in a sig-
nificant delay of puberty and first vaginal estrus, as
well as lower preantral and antral follicles. The stud-
ies about the effect of the low dose of CAP are limited
(Ozer et al., 2005; Zik et al., 2010). Zik et al. (2010)
observed that low dose of CAP inhibits apoptosis and
stimulates follicular development and proliferation of
the granulosa cells. In addition, Ozer et. al. (2005)
determined that low dose of red hot pepper (10 g/kg)
added in diet of laying henscaused a significant in-
crease in ovarian weight, follicle number and earlier
onset of puberty compared to the control group.

In our previous studies, we found that low doses
of CAP (10, 50 and 100 pM) increased cell prolifer-
ation in granulosa cells, but high doses (150 and 200
uM) induced apoptosis (Guler and Zik 2018). How-
ever, there are no studies on the expression of IGF-I

and IGF-IR after CAP treatment on ovarian granulosa
cells.

Many researchers have observed that IGF lev-
els increase by applying toxic substances to ovari-
an cells (Holloway et al., 2007; Cansu et al., 2008;
Ozden-Akkaya et al., 2017). Holloway et al., (2007)
administered dichlorodiphenylchloroethylene (DDT),
a pesticide that can negatively affect ovarian function,
and investigated IGF expression in vivo in rat ovaries
and in vitro primary culture of human granulosa cells.
They observed that IGF-I expression was increased
in parallel to the increasing concentration of DDT.
Ozden-Akkaya and et al., (2017) injected methoxy-
chlor to fetal and neonatal rats and they found that
IGF-I expression increased in granulosa cells. On
the other hand, the increase in IGF-I expression in
interstitial cells was directly related to the polycys-
tic ovary syndrome (Schildkraut et al., 1996; King et
al., 2013). To our knowledge, the studies have been
conducted on the expression of IGF-I and IGF-IR
after CAP treatment on ovarian granulosa cells have
not been reported. In some studies, the relationship
between IGF-I and TRPV1 and IGF-IR and TRPV1
have also been demonstrated in different tissues and
cells (Caprodossi et al., 2011; Li et al., 2013; Lilja
et al., 2007). Li and et al. (2013) showed that IGF-1
expression increased in tibia bone marrow and it is re-
sponsible for the up-regulation of TRPV1 expression
and function in the peripheral nerves. In another study
IGF-I and insulin enhance TRPV1 protein expression
in neublastoma cell line (Lilja et al, 2007).

In our experiments, the cell culture lasted 24 h
with two different doses of CAP. Our results showed
that the higher dose of CAP increased number of cells
expressing IGF-I and IGF-IR. The expression re-
sults of IGF-I in other studies is consistent with our
results (Halloway et al., 2007; Cansu et al., 2007;
Ozden-Akkaya et al., 2017). Several researchers ob-
served co-existence of suppressed IGF-I expression
and increased IGF-IR expression (Ozden-Akkaya et
al., 2017). But in our study, number of IGF-I and IGF-
IR immunopositive granulosa cells increased with in-
creasing doses of CAP.

Our results show that IGF-I and IGF-IR expres-
sions were CAP dose-dependent. As the application
dose of CAP increased, IGF-I and IGF-IR expressions
increased in parallel, but morphological deformation
was observed in cells.
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CONCLUSION

In conclusion, this study demonstrates for the first
time that CAP, a widespread food additive, can in-
crease the expression of the essential ovarian growth
factor, IGF and its receptor IGF-IR. High dose of CAP
may be arisk factor and result in adverse reproductive
outcomes. Our results are expected to lead to a focus
of future in vivo studies about ovarian infertility in
connection with IGF and CAP treatment.
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Clinical signs, aetiology and outcome in 30 cats with recurrent seizures
(2002-2018)
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ABSTRACT. The purpose of the current study was to describe seizure types, aetiology, treatment response and
outcome in 30cats with recurrent seizures. This retrospective case series study included the medical records of cli-
ent-owned cats, admitted to the Clinic of Companion Animals for seizure disorders, from 2002 to 2018. Recorded data
included history, seizure type, physical and neurological examination findings, blood pressure measurements, complete
blood counts, serum biochemistry profile and urinalysis, tentative/final diagnosis, treatment, hospitalization and long-
term outcome. A total of 298 feline neurology cases were examined during the study period. Of those, 38 cases were
admitted for seizure disorders and 30 met the inclusion criteria. Median age on admission was 38,2 months (3,1 years)
(range 2 months- 14 years old).Seizure types, as per owner description, were generalized (26 cats), focal with sec-
ondary generalization (3 cats), focal (2 cats) and complex (1 cat). Cluster seizures appeared at least once in 18/30 and
status epilepticus in 7/30. Different seizure types were also recorded in individual cases. Fifteen cats (15/30) were hos-
pitalized at least once and the duration of hospitalization ranged from 1-10 days. In most cases, in which diagnosis was
established, epilepsy wassecondary (25/30), due to previous head trauma(11/30),metabolic (1/30), or inflammatory
(4/30) disease, arterial hypertension (3/30), toxicosis (3/30) and intracranial neoplasia (2/30).Congenital hydrocepha-
lus was detected in 1 cat. Tentative diagnosis could not be established in Scats; however differential diagnosis included
inflammatory or neoplastic encephalopathies.Antiepileptic drug monotherapy (phenobarbital or levetiracetam) was
sufficient to control the seizures in 14 cases, while administration of combination therapy with 2 or more antiepileptic
drugs was required in 5 cases (phenobarbital, levetiracetam, gabapentin). Successful control was achieved in 11/30
animals for 1-5 years. Seven cats required intensive care at least once due to status epilepticus. Until today, eighteen
(18/30) cats are still alive and 11 died or were euthanized.Although in most cases epilepsy was secondary, seizure con-
trol was adequate and quality of life (QoL) was improved with antiepileptic drugs when metabolic, inflammatory and
neoplastic encephalopathies were excluded.

Keywords: levetiracetam, phenobarbital, post-traumatic seizures, status epilepticus
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INTRODUCTION
S eizures can be primary (idiopathic) or secondary in
cats (Bailey and Dewey, 2009).The major categories
of secondary disorders in cats include vascular events,
encephalitis, neurotoxicoses, head trauma, metabolic
disease,neoplasia, congenital and degenerative condi-
tions (Kline, 1998;Bailey and Dewey, 2009). Whether
a seizure event is epileptic can only be suspected based
on clinical, laboratory, and neuroimaging findings as
electroencephalography diagnostic techniques have
not yet been developed to contribute diagnostically in
veterinary medicine (Pakozdy et al., 2014).

Antiepileptic drugs (AED) administered in cats,
include phenobarbital (PB), levetiracetam (LEV), and
zonisamide (ZSD)(Bailey and Dewey, 2009;Ukai et
al., 2018).The effectiveness of treatment is evaluated
by a more than 50% reduction in seizures, thus mark-
ing a successful dosage regimen. On the contrary, a
reduction of less than 50% or an increase in the num-
ber of seizures is indicative of progressive disease,
refractory seizures, poor client compliance or inade-
quate dosing (Bailey and Dewey, 2009).

Comparisons among previous feline epilepsy case
series and reviews can be difficult due to different di-
agnostic methodology and lack of standardized defi-
nitions. Follow-upstend to be brief and large case se-
ries referring to the full spectrum of seizure disorders
in the cat are lacking.

The aim of this retrospective study was to report
the seizure types, suspected aetiology, treatment re-
sponse and long-term outcome in selected feline cases
with recurrent seizures.

MATERIALS AND METHODS

In this retrospective study, case records were re-
viewed from January 2002 to December 2018. From
a total of 298feline neurological cases, 38 cases were
admitted for seizure disorders and 30 met the inclu-
sion criteria of the study. These included recurrent
episodes of seizure activity, complete records and a
minimum of 6-month-follow up period. Epidemiolog-
ical data and history included breed, age, gender, age
of seizure onset, duration of seizure and frequency of
seizure activity, previous or concurrent neurological
deficits, seizure type (including the presence of cluster
seizures or status epilepticus), treatment protocol,an-
tiepileptic drugs with associated side effects and long-
term outcome. Physical/ neurological examination,
clinicopathological (complete blood counts, serum

biochemistry, urinalysis) and diagnostic imaging find-
ings, blood pressure measurements were also record-
ed. Cerebrospinal fluid analysis, serological tests for
Toxoplasma gondii and feline Coronavirus infection
were recorded when available. Owners were contact-
ed via telephone when serial re-examinations were not
recorded, in order to complete follow-up data (current
treatment and status of the cat, frequency of seizures,
concurrent neurological or other disorders).Long-term
outcome (survival time)started on admission and last-
ed until the end of the follow-up period for the sur-
vived cases and until death for those cats that died.In
survived cases, excluding hospitalized animals, follow
up period ranged from 6 months to 12 months.

RESULTS

Feline population of the study

The study population consisted of 23 domestic short-
haired, 5 Persian/ Persian crossbred and 2 Siamese cats.
Seventeen (17/30) cats were male (11/30 intact,6/30
castrated) and 13/30 were female (8/30 intact, 5/30
spayed).Median body weight was 4,3 kg for 16/30 cats.
Eight cats (8/30) were obese (>4 kg), and 6/30 were
<2kg (kittens and cats with normal body condition).

In 13 cats seizure onset was reported to happen prior
to 6 months of age, however the animals were admitted
at 1-4 years of age (10/30). Age of seizure onset ranged
from 2 weeks to 14 years. All cats were admitted for
seizure disorders however the frequency varied among
the cats. Fourteen cases were admitted due to the ap-
pearance of cluster seizures, eleven cats for increasing
seizure frequency ranging from once a month to once
a week and four cats for having a first seizure episode.

Seizure activity

Seizures were the only neurological disorder in
23/30 cases. The recorded pre-ictal signs (aura) in-
cluded behavioral changes. The ictus or actual seizure
event was characterized by a variety of abnormal be-
havioral patterns depending on whether the seizure
was focal, generalized or complex. The seizure type
included generalized (26 cats), focal with secondary
generalization (3 cats), focal (2 cats), and complex
(1 cat) seizures. Generalized seizures included ton-
ic-clonic muscle spasms in 20 cats and tonic muscle
spasms in 6 cats. Involuntary urination or defecation
during seizures was detected in 6 cases.Salivation
was apparent in 4 cases, as observed by the owner.
Duration of seizure episodes was recorded in 20 an-
imals, and varied from approximately 1 minute (18
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cats) to 2-3 minutes (3 cats). Different seizure types
were also recorded in individual cases. Complex sei-
zures presented as behavioral changes, rapid running
and facial twitching.Aggression developed or contin-
ued (post-ictus) after the seizure activity in 8/30 cats.
Additional neurological signs werecircling in 4 cats,
cognitive dysfunction in 3 cats, intention tremors in
1 cat, compulsive behavior (aimless pacing) in 1 cat.
Cluster seizures developed at least once in 18/30. Sta-
tus epilepticus was present in 7/30 cases.

Seizure etiology

Due to financial constraints, most of the owners
declined advanced diagnostic imaging investigation
(CT/MRI). Therefore, tentative diagnosis was based
on history, age of seizure onset, clinical course of the
disorder (development of clinical signs), clinical and
neurological examination, presence or absence of con-
current neurological signs, response toantiepileptic
drugs (AED), long-term outcome and necropsy (where
available). Diagnosis of metabolic encephalopathy(he-
patic encephalopathy) was based on clinicopathologi-
cal evaluation. Age on seizure onset ranged from 2.5
months to 180 months (median 71.5 months).

Advanced diagnostic imaging was performed in
8/30 cats, one of which was diagnosed with congen-
ital hydrocephalus using ultrasonography, necropsy
in 4/30, funduscopy in 5/30, thyroid profile (T4, fT4,
TSH) in 2/30, serological test for Toxoplasma gondii
or feline Coronavirus infection in 3/30.

Historical evidence and clinical examination pre-
sumed the cause of seizures in 17/30 cats. Elevencats
had a history of head trauma,threecatshad increased
serial blood pressure measurements and there were
evidence of toxicity in three cases (application of a
canine permethrin ectoparasitic product in 2 cats and
organophosphate toxicity in 1 cat).

In most cases, in which diagnosis was established,
epilepsy was secondary (25/30),presumed due to pre-
vious head trauma (11/30), metabolic (1/30), inflam-
matory (4/30),toxicosis (3/30), intracranial neoplasia
(2/30).Congenital hydrocephalus was detected in 1 cat.
In those 4 cats with encephalitis, serological tests for
FeLV/FIV infection were negative. From the four cats
diagnosed with inflammatory disease, 3 had feline in-
fectious peritonitis (FIP) encephalitis, two died during
hospitalization and the other was lost to follow-up.
The fourth cat had toxoplasmosis. Tentative diagnosis
could be established in 5 cats and the differential diag-

nosis included secondary encephalopathies. Differen-
tial diagnosis in these 5 cats included inflammatory or
neoplastic encephalopathies. From these 5 cats, in one
cat, primary encephalopathy was suspected.

Treatment, hospitalization and survival time
Therapy using one AED was effective in 14 cases
(phenobarbital (PB)9/14, orlevetiracetam (LEV)5/14).
Therapy using more than one AED was necessary in
5 cases (4 cats PB+LEV, 1 cat PB+LEV+gabapentin).
LEV withdrawal seizures (owner compliance) were
observed in 2 cats after a missed dose of LEV. Nine-
teen cats received life-long antiepileptic medication.

In our study, 14 cats were treated with PB;alone
(monotherapy, 9/14) or in combination with other AEDs.
Of those 9 cats with PB monotherapy, seizure frequen-
cy was reduced in 3, while 2 animals had poor seizure
response and 4 were lost tofollow up. Four cats under-
went LEV monotherapy with adequate seizure control
while one hadpoor response. Three cats had good sei-
zure control with PB+LEV combination therapy but one
cat was not controlled with the same drug regimen. One
cat underwentPB+LEV+Gabapentin therapy but had
poor long term seizure control. That cat was previously
diagnosed with congenital hydrocephalus.

Fifteen cats required hospitalization (with or with-
out intensive care) at least once (duration range 1-10
days). Seven from those 15 cats required intensive
care due to status epilepticus. Five cats died during
hospitalization. Euthanasia was elected in 2 cats due
to poor control of status epilepticus. Four cats (not
the abovementioned) died due to a concurrent disease
(3 chronic renal disease, 1 diabetes mellitus).Eigh-
teen cats were alive when the follow-up call was per-
formed and the survival time ranged from 1-12 years.
One cat was lost to follow-up.

Successful control (>50% reduction in seizure ac-
tivity) was achieved in 1lcatswith a marked reduc-
tion in aggression and improved quality of life (QoL).
Eleven cats (11/30) remained controlled for at least
1-5 years. Poor response was noted in 6 cats due to
owner non-compliance (3), underlying disease (2), or
both (1). Phenobarbital levels were monitored when
therapy response was poor in 3 cats.

There were other neurological disorders in both
cats with controlled seizures or not.In those cats with
poor seizure control, aggression was noted (4 cats).
Additional neurological sigs included cognitive dys-
function (3 cats), compulsive circling (2 cats), spas-
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tic tetraparesis (1 cat), spastic tetraplegia (2 cats),
right-sided, absent menace response reflex (1 cat) and
bilateral absent menace response reflex (1 cat), ataxia
in all 4 limbs (2 cats), blindness (2 cats) and altered
behavior (episodes of pointless running, hissing at
shadows) (1 cat).

DISCUSSION

Secondary epilepsy is reported to be more frequent
than primary epilepsy in cats (Pakozdy et al., 2010).
This was also observed in the current study, in which
a diagnosis of secondary epilepsy was established
in 25 cats and was speculated in 5 cats. Presumed
post-traumatic epilepsy was the predominant diag-
nosis in our feline population, while previous studies
report intracranial neoplasia as the main cause of sei-
zures(Pakozdy et al., 2010). Data from history were
adequate to establish diagnosis as post-traumatic ep-
ilepsy because either the owners had witnessed the
accident, or the cats were found with external injuries
suggesting head trauma.

Antiepileptic drug therapy is recommended when
seizures occur post-trauma (Bailey and Dewey, 2009).
Eleven cats developed seizures post-traumatically due
to head trauma and required antiepileptic medication
for controlling them. It has been reported that cats with
medical history of mild to moderate head trauma had <
5.6% probability of developing post-traumatic seizures
and owners did not observe any seizure activity during
the follow-up period (Grohmann et al., 2012). In anoth-
er study, it was speculated that seizures could appear
immediate after head trauma or delayed and thus the
owners should be informed about the potential need for
antiepileptic drug either at the time of the trauma or in
the future; the prognosis was good (Kline, 1998).

Despite the small number of cases diagnosed with
FIP encephalitis, the prognosis is known to be poor, as
it remains a fatal disease despite the various therapeu-
tic modalities that have been proposed (Gunn-Moore
and Reed, 2011). In particular, the occurrence of sei-
zures in cats with FIP infection indicates extensive
brain damage; therefore it is an unfavourable predic-
tive sign (Timmann et al., 2007).The third case, di-
agnosed with toxoplasmosis, was still alive 6 months
after the first referral. Although the seizures were ap-
parently there, their frequency had been decreased.
The prognosis for toxoplasmosis is guarded, due to
the potential of recurrence of the neurological disor-
ders (Phofl and Dewey, 2005; Gunn-Moore and Reed,
2011).In our case, prognosisseems to be good in the

6-month-period that we set as follow-up period.

Seizures may result from a wide variety of extra-
cranial causes, including toxins, drugs and metabolic
disease (O’ Brien, 1998). In this study, seizures due to
metabolic causes were less frequent (1 case due to he-
patic encephalopathy). In previous studies (Barnes et
al., 2004; Rusbridge, 2005), hepatic encephalopathy
was the predominant diagnosis in the metabolic group
of diseases in comparison to others that indicate infre-
quent seizure occurrence due to hepatic encephalop-
athy (Kline, 1998). A more recent study indicated a
higher percentage of feline seizure cases due to meta-
bolic/toxic causes (Schriefl et al., 2008).Seizures due
to toxicosis appeared in three cats (1 cat was exposed
to organophosphates and 2 on permethrin product) in
the current study. Thus, in many cats presented with
seizures, a careful history of drug use and potential of
toxin exposure is essential (O’ Brien, 1998).

Vascular diseases include hypertensive encepha-
lopathies and ischemic encepthalopathies(Pakozdy et
al., 2014). Hypertensive encephalopathies can be the
result of chronic renal disease, hyperthyroidism and
hypertrophic myocardiopathy (Kline, 1998). In our
study, there were 3 cases with hypertension that clini-
cally affected the brain and appeared seizures. All the
three cats had a primary disease (2 cats with chronic
renal disease and 1 cat with hyperthyroidism), that
caused seizures through hypertension.

Two cats were diagnosed with intracranial neopla-
sia. One of the tumors was histologically confirmed
as meningioma but there was no histological exam-
ination of the second’s cat tumor.Meningiomas are
one of the most commonly observed intracranial neo-
plasms, appearing with seizures (Tokem et al., 2006).

A tentative diagnosis could only be reached in 5
cases and included secondary epilepsy and differen-
tial diagnosis included inflammatory or neoplastic en-
cephalopathy. Final diagnosis was not established be-
cause specific diagnostic testing (advanced imaging
and cerebrospinal fluid analysis) were not pursued.
Thus, these 5 cases whose routine clinicopathologi-
cal investigation was unremarkable were evaluated
for the response to treatment through follow-up. In
many cases of feline epilepsy, an underlying cause of
seizures was suspected but never proven ante-mortem
(Kline, 1998). These include previous post-traumat-
ic, post-inflammatory and post-ischemic lesions that
were quiescent and non-progressive (Kline, 1998).
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Cats were 1-4 years old on admission,although
seizures had started earlier (<6 months old in 13/30
cats).Age of seizure onset was between 1 and 3 years
in 8/30 cases. The multifactorial aetiologyof seizures
in cats of all age groups indicated that advanced diag-
nostics were necessary even when clinipathological
investigation was normal (Bailey and Dewey, 2009).

Regarding the type of seizures, cats appear to
have generalized seizures more frequently than focal,
in the current study. This finding was comparable to
those of other studies indicating the generalized sei-
zures as the most common type of seizure that ap-
pear in cats with secondary epilepsy (Barnes et al.,
2004; Finnerty et al., 2014). The type of seizure did
not indicate a specific diagnosis(Tomek et al., 2006).
Primary, seizures are complex focal with or without
secondary generalization (Parent and Quesnel, 1996;
Kline, 1998; Rusbridge, 2005; Schreifl et al., 2008).
This study indicated that cranial trauma can be a lead-
ing cause of seizures in cats.

The age of seizure onset range from 2.5 months to
15 years in the present study. The median age of sei-
zure onset for the study population was 71.5 months
(5.9 years). This finding was in parallel with previously
published work in which the seizure onset ranges from
6 months to 18 years (Barnes et al., 2004), 3 months to
13 years (Quesnel et al., 1997) and 4 months to 20 years
(Pakozdy et al., 2010). A possible explanation for such
wideage variability of seizure onset was the underlying
aetiology that included cats with secondary epilepsy
and idiopathic epilepsy in all studies mentioned. In one
study, the onset of seizures in the study population was
noticed before 1 year of age but there was no indica-
tion of specific underlying cause (Schwartz- Porsche
and Kaiser, 1989). The age of seizure onset was associ-
ated with the underlying aetiology indicating that cats
with idiopathic epilepsy appeared epileptic seizures in
a younger age than cats with secondary epilepsy.

Phenobarbital (PB) is the current drug of choice
in cats with multiple seizure episodes (Berg et al.,
2006; Dewey, 2006;Thomas and Dewey, 2008; Fin-
nerty et al., 2014). There are several studies support-
ing the efficacy of PB of seizure control in epileptic
cats (Finnerty et al., 2014); however in our study the
number of cats with adequate control of seizures us-
ing PB as monotherapy was equal to those cats that
are not well controlled. Moreover equal number of
cats that underwent PB monotherapy was lost during
follow-up period. Probably, whether the number of
lost cases was smaller and the study population with

PB monotherapy was larger, they could have a differ-
ent impact on PB efficacy.Adequate seizure control
using LEV montherapyor an adjunctive therapy was
superior to those cats that did not. The finding of our
study was in parallel with another previous study in
which levetiracetam was used as an adjunctive anti-
convulsant therapy in cats (Bailey et al., 2008). There
was a marked reduction in seizure frequency (>50%
reduction) and in some cases there were no seizures
after levetiracetam initiation (Bailey et al., 2008).In 3
cases, the owners were not consistent with the appro-
priate administration of levetiracetam (every 8 hours/
day) leading to deterioration of the patients.

Although LEV was proved to be superior PB (ei-
ther as monotherapy or as an adjunctive therapy),
regarding seizure control, the study population was
small for such a speculation.

In the current study, most cats can improve their
quality of life (QoL) and reduce aggression through a
successful control (>50% reduction of seizures). The
median survival time for seizure cats and the success-
ful control was 1-5 years in our study. Thus, outcome
in cats with secondary epilepsy was long in the cur-
rent study. This finding was in contrast with another
previous study in which survival time was shorter in
cats with symptomatic epilepsy; however in the same
study survival time was longer in cats with probable
symptomatic epilepsy (Barnes et al., 2004) indicating
that the cause and the degree of the brain damage in
secondary epilepsy can influence survival time. Eu-
thanasia was elected in 2 cats, in the current study,-
due to poor prognosis. This finding is in parallel with
another study in which euthanasia was elected soon
after a diagnosis was established due to poor progno-
sis in cats(Barnes et al., 2004),or due to unacceptable
seizure frequency in a study with epileptic dogs (Ber-
endt et al., 2007).

Both cats and dogs had a poor prognosis when status
epilepticus appear (Bateman and Parent, 1999;Schriefl
et al., 2008). Despite the providing data, there was no
evidence supporting this hypothesis in our study. More
than half of the study population (18/30), appearing
cluster seizures, had a good control of seizures. This
finding was in parallel with another study performed
in epileptic dogs in which the type of seizures was
not associated with the survival time (Berendt et al.,
2007). Through this finding, it can be assumed that
cluster seizures are treatable and not all cats die during
hospitalization or soon after that, depending on seizure
aetiology. For instance, most cats in our study popu-
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lation were post-traumatic cases, with a stable dam-
age in the brain tissue; things could be different if our
study population was consisted of cats with neoplastic
or inflammatory encephalopathies, which both cause
progressive damage to the brain tissue.

Due to the nature of the study, some data were lack-
ing. Advanced imaging tests (CT and MRI) were avail-
able in few cases. Cerebrospinal fluid analysis was not
performed however it can only diagnose inflammatory
encephalopathies and necropsy was performed in few
cases. Therefore, the final diagnosis was based mainly
on history, follow-up and AED efficacy. Cat population
involved in the current study was not a representative
population of seizure cats in this area. A possible ex-
planation for this hypothesis is the nature of the clinic,
which is a second-opinion clinic and many cases may
had been lost before their admission. The sample size
was small; therefore it is difficult to draw accurate con-
clusions. The aim of this study was to offer a general
viewpoint on feline cases admitted to a veterinary clin-
ic in the particular geographic location.

CONCLUSIONS

The most common cause was post-traumatic epi-
lepsy in this study. The type of seizures did not indicate
their actiology. Cluster seizures appeared frequently and
they were not necessarily an indicator of poor prognosis.

Reduced aggression and improved quality of life
were noted following antiepileptic drug administration.
Survival time in feline seizure patients in this study was
apparently longer than time reported on previous studies.

Although final diagnosis was not available, seizure
control was adequate and quality of life (QoL) was
improved with AED when metabolic, inflammatory
and neoplastic encephalopathies were excluded.
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ABSTRACT. The main objective of the present research was to determine the concentrations of the selected pesticides
in muscle, liver and skin of common carp. Fish were sampled in two different seasons from fish pond which received
previously treated slaughterhouse wastewater. Pesticides including etridiazole, chloroneb, trifluralin, propachlor, chlo-
rothalonil, hexa-chlorocyclopentadiene, atrazine, simazine, alachlor, metribuzin, metolachlor, DCPA, cyanazine, chlo-
robenzilate, endrin aldehyde, cis permethrin and trans permethrin were determined by using a GS-MS method. Many
of pesticides were not determined or determined in low concentrations. Propachlor was found in muscle, skin and liver.
The recommended acceptable daily intake was higher in comparison with the estimated daily intake for examined pes-
ticides via fish reared in treated slaughterhouse wastewater. It is very important to maintain the safety of the fresh fish
produced in wastewater in order to ensure food safety and avoid health problems in humans.
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INTRODUCTION
Fish meat is highly acceptable protein source
worldwide. Moreover, fish represents an excellent
source of fatty acids in healthy nutrition (Ljubojevi¢
et al., 2015). From another point of view, consumers
are more and more oriented to the safety issues due
to the potential presence of different environmental
contaminants in fish meat. Consumption of fish con-
taminated with pesticides may lead to poisoning of
consumers (Aamir et al., 2016). Pesticides are widely
used in agriculture (Hladik et al., 2016). It is highly
important to understand the nature, bioaccumulation
and distribution of pesticides in aquatic environ-
ment and also the routes of contamination in order
to control and prevent outbreaks of poisoning asso-
ciated with fish consumption. Pesticides are present
in aquatic environment and can be transferred into
fish and enter into the food chain (Guo et al., 2008).
Due to the fact that pesticides are highly soluble in
fats, they accumulate in fish tissue (El-Shahawi et al.,
2010). According to Cao et al. (2007) pesticides can
remain in soil and water for years. There is increasing
trend in the use of wastewater in fish production, par-
ticularly in developing countries. The fish rearing in
waste water may represents a significant risk for pub-
lic health (Kim and Aga, 2007). Fish may represent a
bioindicator of environmental contamination and the
health risk arising from fish produced in wastewater
filled fish ponds is questionable. Thus, the safety of
fish reared in wastewater filled ponds could be a seri-
ous concern for public health. There are several stud-
ies regarding the level of pesticides in common carp,
mainly organochlorine pesticides in different parts of
the world (Svobodova et al., 2003; Hu et al., 2010;
Ondarza et al., 2010; Peli¢ et al., 2019), but no avail-
able data exists about the level of other pesticides in
fish produced in treated slaughterhouse wastewater
in scientific literature. It should be highlighted that
such systems may be long-term solution for aqua-
culture but also for slaughterhouses worldwide. The
main objective of the present research was to deter-
mine the concentrations of the selected pesticides
in muscle, liver and skin of common carp reared in
fish pond which received previously treated slaugh-
terhouse wastewater. For that purpose, common carp
meat, liver and skin were examined using GS-MS,
for 17 pesticides (etridiazole, chloroneb, trifluralin,
propachlor, chlorothalonil, hexa- chlorocyclopenta-
diene, atrazine, simazine, alachlor, metribuzin, meto-
lachlor, DCPA, cyanazine, chlorobenzilate, endrin al-
dehyde, cis permethrin and trans permethrin) in order

to evaluate the slaughterhouse wastewater treatment
systems for their efficiency as well as the safety of
produced fish meat.

MATERIAL AND METHODS

An earthen pond with an area of 1 ha and aver-
age depth of 1.3 m was built in the Pecinci village (N
B4°54'19", E 19°57'35"), Srem District, the Repub-
lic of Serbia. Purified water from slaughterhouse was
used for filling the pond. Continuous aeration was
provided. Two year old fingerlings of common carp
were stocked at density 2500 individuals/ha. Indus-
trially produced completed feed mixture and locally
available ingredients were used as fish feed and feed
was provided manually twice per day. Seven individ-
uals of common carp were harvested from the pond in
spring (April) and in autumn (October). All samples
were dissected, dorsal muscles without skin, liver and
skin were homogenised and prepared for analyses. All
chemicals and reagents used in this experiment were
of analytical grade with high purity. Preparation of
sample which was based on extraction with acetoni-
trile (CAN), (Sigma-Aldrich, St. Louis, USA) in the
presence of anhydrous magnesium sulfate (MgSO,)
and anhydrous sodium acetate (CH,COONa) Merck,
Darmstadt, Germany) was performed as described by
Kartalovi¢ et al. (2016). The gas-mass chromatogra-
phy was Agilent 7890B/5977A MSD and operating
conditions were as follow: fused silica column [30 m
x 0.25 pm film of HP-5M - thickness]; injection tem-
perature was set at 280°C using the splitiless mode
and the volume injected was 4 pL. The column tem-
perature was programmed as follows; held at 50°C
for 0.4 min; 50-195 °C at 25 °C per min, held 1.5
min; 195-265 at 8§ °C per min and maintained at 315
°C for 1.25 minutes on 20 °C per min, MSD tempera-
ture was 280 °C. Calculation of precision, accuracy,
linearity, LOD and LOQ (Table 1) was performed by
MassHunter Software (Agilent Technologies, Santa
Clara, CA, USA). The quantification was based on
external calibrations curves prepared from the stan-
dard solution of each of the pesticides.

Data analysis was performed using Excel (Micro-
soft Excel, 2007) to determine the descriptive statistic
parameters.
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Table 1. Method performance data obtained in blank common carp samples, spiked with 50 pg/kg (n=20)

Pesticides LOD LOQ Precision Linearity Recovery RSD
(ng/kg) (ng/kg) (%) () (%) (%)
Etridiazole 1.5 4.9 4.8 1.00 97.4 6.2
Chloroneb 0.9 2.1 7.8 1.00 98.1 7.9
Trifluralin 0.4 1.3 0.8 1.00 99.3 9.2
Propachlor 0.3 1 9 1.00 99.6 8.3
Chlorothalonil 0.4 1.2 54 1.00 98.1 12.6
Hexa-chlorocyclopentadiene 1.2 4.1 34 1.00 97.3 3.8
Atrazine 0.4 1.2 4.4 1.00 90.4 8.1
Simazine 0.5 1.6 3.2 1.00 94.2 4.2
Alachlor 1.1 3.6 4.5 1.00 91.8 8.6
Metribuzin 0.8 2.6 8.3 1.00 89.3 8.9
Metolachlor 1.2 4.4 3.1 1.00 96.6 3.7
DCPA 1.3 4.8 3.8 1.00 95.4 3.9
Cyanazine 0.8 2.9 8.1 1.00 93.4 11.2
Chlorobenzilate 1.1 3.7 4.7 1.00 91.6 10.3
Endrin aldehyde 14 4.8 3.5 1.00 95.2 8.3
Cis permethrin 1.2 4.2 3.8 1.00 96.4 34
Trans permethrin 1.4 4.7 11.7 1.00 112.3 12.3

LOD, Limits of detection; LOQ, Limits of quantification; RSD, relative standard deviation

Table 2. Concentrations (pg/kg) of pesticides in meat, skin and liver of common carp (n = 7) in spring

Muscle tissue Skin Liver
Pesticide  Frequency Frequency Frequency
+ + +

(%) Range X+SD (%) Range X+SD (%) Range  X+£SD
Propachlor 100 11.4-11.5 11.4£0.05 100 20.40- 21.32 20.83+0.38 100 11.3-11.5 11.4+0.1
Atrazine 1429  <lod-26.88 / 0 <lod / 0 <lod /
Endrin 7143 <lod-38.25 3730£0.53 0 <lod / 0 dod /
aldehyde

* All other analysed pesticides were below LOD.

Table 3. Concentrations (pg/kg) of pesticides in meat, skin and liver of common carp (n = 7) in autumn

oC Muscle tissue Skin Liver
Pesticide Fre?;:;ncy Range X+£SD Frezlol/loe;ncy Range X£SD Fre?;:;ncy Range X+SD
Chloroneb 0 <lod / 28.57 <lod-22.31 13.40+12.61 0 <lod /
Propachlor 100  20.46-20.59 20.53+0.06 100  20.46-34.15 24.49+6.59 100  20.47-20.74 20.58+0.12
Atrazine 0 <lod / 28.57 <lod-115.83 102.51+18.84 0 <lod /
Simazine 1429  <lod-45.28 / 28.57 <lod-91.99 85.27+9.51 0 <lod /
Alachlor 0 <lod / 42.86 <lod-90.78 78.53+21.13 0 <lod /
Metribuzin 0 <lod / 28.57 <lod-126.74 126.67+0.1 0 <lod /
Metolachlor 0 <lod / 28.57 <lod-44.09 44.11+0.2 0 <lod /
DCPA 0 <lod / 1429  <lod-28.47 0 <lod /
Cyanazine 0 <lod / 28.57 <lod-404.85 385.8+26.92 0 <lod /
Chlorobenz- <lod / 1429 <lod-138.31 0 <lod /
ilate
Endrin

0 <lod / 1429 <lod-111.13 / 0 <lod /
aldehyde

* All other analysed pesticides were below LOD.
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RESULTS

Table 1 shows method performance data for 17 se-
lected pesticides. The results of the study are shown
in Table 2 (spring) and Table 3 (autumn). Generally,
the concentrations of pesticides were low in all anal-
ysed samples in both seasons. A number of pesticides
were not detected neither in muscle tissue, and neither
in liver and skin samples. It includes the following:
etridiazole, trifluralin, chlorothalonil, hexa- chlorocy-
clopentadiene, cis permethrin and trans permethrin.
In autumn concentrations of propachlor were two
fold higher compared to concentrations obtained in
spring and were 20.53 + 0.06 ug/kg in muscle tissue,
in skin concentrations were in range 20.46 - 34.15 ug/
kg and in liver was 20.58 = 0.12 pg/kg. Atrazine was
above the limit of detection in two samples of skin
and simazine in one sample of muscle tissue and two
samples of skin. Alachlor was found in three samples
of skin and metribuzin in two. Metachlor, DCPA and
cyanazine were found only in skin samples. Chloro-
benzilate was found only in one sample of skin, while
endrin aldehyde was present only in one sample of
skin in amount of 111.13 pg/kg.

DISCUSSION

Concentrations of pesticides were generally com-
parable or lower in comparison with previous results
reported in studies of common carp and Cyprinidae
species worldwide (Svobodova et al., 2003; Darko
et al., 2008). Etridiazole, chlorothalonil, atrazine, si-
mazine, metribuzin, metolachlor, DCPA and chloro-
benzilat are registered for use in Serbia. All of those
pesticides except etridiazole and chlorothalonil were
detected in low levels in skin of common carp. Pes-
ticides such as atrazine, simazine, trifluralin, alachlor
are listed as priority substances of the Directive
2008/105/EC (EEC, 2008) and the Directive 2013/
39/EC (EEC, 2013) and three of those pesticides were
detected in the present study. A number of pesticides
not registered (chloroneb) or banned in Serbia were
also found (mainly propachlor, alachlor and endrin
aldehyde) and their presence could be attributed to il-
legal use. The pesticides reported in this study are not
often examined so the data regarding their content in
fish including common carp are scarce. Papadakis et
al. (2015) reported the detection of etridiazole, meto-
lachlor, atrazine, and alachlor (maximum concentra-
tions of 0.026, 0.688, 1.465 and 1.098 ug/L, respec-
tively, in the surface waters of Lake Vistonis Basin,
Greece. Kong et al. (2008) highlighted that pesticides
were used widely in China, and that pesticides like at-

razine, simazine, and alachlor have a harmful effects
on endocrine system. All the mentioned pesticides
were detected but only in skin and in relatively low
concentrations in common carp in our study. Inade-
quate regulation and poor agriculture management are
the main reasons for the fact that banned pesticides
are still in illegal usage. Among pesticides determined
in the common carp samples of muscle, liver and skin
residual concentration of propachlor was dominant in
all samples in both season. The determined concen-
trations were the lowest in liver, then in muscle, while
the highest levels were measured in skin. Ondarza et
al. (2010) also reported that the pesticide levels were
higher in muscle then in liver. Since the skin is a kind
of protective barrier, it may be the reason for the high-
est concentrations of pesticides detected in it. Thomas
et al. (2012) examined levels of pesticides in muscles
of farmed common carp in France and also found that
the levels of pesticides were low. Also, Padula et al.
(2008) didn’t detect any pesticide residues in wild and
farmed southern bluefin tuna (Thunnus maccoyii).
Kong et al. (2008) evaluated the municipal sewage
treatment system in China for their pollutant removal
efficiency. They found that concentrations of alachlor,
acetochlor, atrazine were 0.074 - 0.021 pg/l, 0.160 -
0.096 pg/l and 0.238 - 0.184 pg/l, respectively, and
the total removal efficiency of atrazine was poorest
through the sewage treatment systems. Our results
showed that the wastewater treatment systems in
slaughterhouse were efficient in removing pesticides,
and consequently that the discharged effluent is not
harmful for the aquatic environment. Furthermore,
Khalil and Hussein (1997) reported that the primary
and secondary treated waste effluents were success-
fully used to growth the Nile tilapia. The presented
results showed that common carp could be success-
fully reared in treated slaughterhouse wastewater with
regard to pesticides contamination. Jankovi¢ et al.
(2012) reported that estimated weekly intake of com-
mon carp in Serbia is 29.4 g. The risk related to pes-
ticides via consumption of examined fish for human
of body weight of 70 kg is compared with acceptable
daily intake (ADI) of selected pesticides recommend-
ed by various organization (Table 4). The estimated
daily intake (EDI) was significantly lower than ADI
for each pesticide, even in the worst case scenario.
Having that in mind, it can be concluded that this in-
take would not pose a health hazard in human popu-
lations.
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Table 4. Estimated daily intakes (EDI) of pesticides through common carp muscle by human (average body wt 70 kg) in Serbia

.. Average concentration EDI ADI
Pesticide (ng/g wet wt) (ng/kg body wt/day) (ng/kg body wt/day) Reference for ADI
Propachlor 0.02 0.0012 0.013 (mg/kg bw/day) US EPA (1998)
Atrazine 0.03 0.0018 5 pg/kg WHO (1990)
Simazine 0.05 0.003 5 mg/kg bw per day US EPA (1987)
Endrin aldehyde 0.038 0.0023 0.2 US EPA (1989)

EDI, Estimated daily intake; ADI, acceptable daily intake

CONCLUSIONS

Pesticide levels in all tissues of examined fish
were below the permitted levels. The pesticides in-
cluded in the present study are not usually included in
the monitoring studies in Serbia but also in different
states worldwide. However, the obtained results re-
vealed that several of those pesticides could pose a
significant human health hazard and also an environ-
mental hazard. This should be taken into account by
the authority so that those pesticides should be includ-
ed in some new monitoring schemes. The knowledge
and proper management of pesticides associated with
the fish consumption are of considerable medical,
economic and environmental importance. Continu-
ous monitoring, including appropriate testing of fish
meat in order to determine the presence of pesticides
is necessary. It is important due to the fact that fish
is an important food source but also is an important
indicator of environmental pollution. The obtained
results provide important data for the risk assessment
of pesticides from fish reared in integrated systems.

However, the further research are necessary for devel-
oping risk management tools for integrated aquacul-
ture production systems.
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ABSTRACT. The present study was carried out to determine the effects of sub-chronic thinner addiction on the ox-
idant-antioxidant balance and oxidative stress on certain tissues and the possible protective effect of safranal against
thinner toxication in rats. Adult male Wistar albino rats were randomly divided into four groups of 10 animals each
as follows: control (C), safranal (S), thinner (T) and thinner+safranal (T+S). The control group received lcc saline by
gastric gavage. Safranal was administered to S and T+S groups by using gastric gavage at a dose of 100 mg/kg/day and
volume of 0.1 mL/kg/day. Thinner inhalation was applied to T and T+S groups in a container with NaOH tablets twice
a day. Levels of malondialdehyde (MDA), reduced glutathione (GSH), nitric oxide (NO,) metabolites, total antioxidant
capacity (TAS) and total oxidant capacity (TOS) were determined in liver, lung, brain, kidney and testis tissues of the
rats. In the T+S group, it was observed that the MDA levels significantly decreased in all tissues, except the kidney, in
comparison to the thinner inhalation group (p = 0.000). When the NOx levels of the T+S group were compared with
the levels of the T group, it was concluded that there existed a statistically significant decrease in the NOx levels in all
tissues (p = 0.000).

In T+S group, it was observed that safranal either eliminated or mitigated oxidative stress that developed in tissues
through decreasing MDA and TOS levels and increasing GSH and TAS levels and caused significant decreases in NO,
levels in all tissues. As a result, it was determined that safranal, although not uniform for all tissue types, had a protec-
tive potential against the damaging effects of oxidative stress caused by sub-chronic thinner inhalation.
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INTRODUCTION

hinner is an organic solvent which is common-

ly used for industrial applications and currently
has an increasing improper use as a pleasure inducing
and narcotic substance. Thinner is a mixture of tol-
uene, benzene, acetone, methanol, hexane and other
substances (Nedzvetskii et al., 2012). It was indicated
that the thinner used in Turkey was composed of 63%
of toluene, 13% of acetone, 10% of isobutyl acetate,
7.5% of isobutane and 6.5% of butylene glycol and its
harmful effects were mostly associated with toluene,
where the remaining substances activated these harm-
ful effects (Cobanoglu et al., 2007).

Reactive oxygen (ROS) and nitrogen (RNS) de-
rivatives occur in the organism due to exposure to en-
vironmental and chemical agents and the interaction
of such derivatives with macromolecules leads to ox-
idative stress (Mattia et al., 2003). Similar to various
internal and external toxic agents, the toxic effects of
thinner also emerge through free radicals (Mattia et
al. 1991, Martinez-Alfaro et al., 2011).

Long-term use of volatile organic solvents has
been shown to cause permanent damage to the lung
and liver (Marjot and McLeod, 1989; Al-Alousi,
1989). Mattia et al. (1991; 1993a,b) reported in vivo
and in vitro studies that ROS formation is accelerated
and lipid peroxidation is increased in brain, liver, kid-
ney and lung tissues with the effect of intraperitoneal
administration of toluene. Al-Alousi (1989) empha-
sized that pulmonary edema is the cause of death due
to volatile substances. When the results of many stud-
ies are considered, it has been observed that there are
many damages as a result of using thinner in industri-
al area and for narcotic use. Studies show that MDA
levels increase and GSH levels decrease due to degra-
dation of lipid peroxidation due to oxidative stress of
organic solvents (Ulakoglu et al. 1998b, Dillioglugil
et al. 2005, El-Nabi Kamel and Shehata 2008).

In recent years, research in phytotherapy focused
on the effects of the components in plant extracts on
various diseases, rather than the effect of plant ex-
tracts. Safranal is one of the components of saffron
extract. Saffron is an herb with antioxidant effects,
included in medical literature and is acknowledged
to have an increasing significance due to its thera-
peutic effects (Moghaddasi, 2010; Assimopoulou et
al., 2015).The radical scavenging activity of safranal
results with antidiabetic, antioxidant, anticancer and
hypotensive properties, thus various studies conclud-
ed that safranal could be used in industries such as

food, pharmaceuticals and cosmetics (Assimopou-
lou et al., 2005, Imenshahidi et al., 2010, Hazman ve
Bozkurt, 2015). Karafakioglu et al. (2017) reported
that safranal (200 mg / kg) treatment may have a pro-
tective effect against cisplatin-induced nephrotoxic-
ity and oxidative stress in rats. Alayunt et al.(2019)
observed that particularly high-dose (100 mg/kg) ad-
ministration of safranal to rats promoted the antioxi-
dant system and be inflammatory against TNF-a and
IL-6 cytokines on damage induced by CCl,.

The main aim of our study is to investigate to what
extent thinner, which is a mixture of organic solvent,
affects brain, lung, liver, kidney, testis via respiratory
system and to investigate the effect of safranal on this
condition. The results of the study may contribute to
the development of new approaches both in the pro-
tection of worker health on an industrial scale and in
the treatment of addicts using volatile substances.

MATERIALS AND METHODS

Chemicals

Safranal (Cat no:Sigma-W338907), Total oxidant
(TOS) and antioxidant status (TAS) commercial kits
(Rell Assay:R1.0024, RLL0O017) and the other chemical
used in the study were purchased from Sigma -Al-
drich (Sigma Aldrich Chemical Co.
St. Louis, Missouri, ABD).

Animals

In the present study , 40 Wistar albino male rats
(weighing ~250-300 g) were used. The animals were
housed under standard conditions of temperature
(23+£2°C), humidity, and dark-light cycle (lights on
from 6:00 am to 6:00 pm).. Throughout the study,
the rats were maintained on standard rat feed and tap
water ad libitum. They were fed twice daily at 0900
and 1900. Before starting the thinner experiments,
rats were subjected to preexperiments in order to pre-
vent possible toxication severity complications. All
the animals were carefully monitored and maintained
in accordance with the ethical recommendation of
the University of Afyon Kocatepe Animal Ethics
Committee The permission was gained on 7 May
2015 with the number 49533702/46.

Experimental procedure

A total of 40 rats were included in the study. They
were divided into 4 groups as follows: Control Group
(C) (n=10), Sub-chronic Thinner Inhalation Group
(T) (n=10), Sub-chronic Thinner Inhalation + Sa-
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franal Group (7+S) (n=10) and Safranal Group (S)
(n=10). Control group (C); comprised 10 healthy
rats. The rats in the control group were administered
1 cc of physiological saline daily by gastric gavage
for 8 weeks. Rats were fed with standard rat feed for
8 weeks and their weights were recorded regularly
during the experiments. Sub-chronic Thinner Inha-
lation Group (T); rats were placed in a specially de-
signed cage size 100x60x40 cm with air ventilation
that allowed inhalation of controlled amounts of thin-
ner (5ml). This application was repeated twice a day
for 8 weeks and was terminated when 50% of the rats
lost their reflexes to stand (About 5-6 min) (Konuk
et al,, 2012). Sub-chronic Thinner Inhalation+Sa-
franal Group (7+S); treated as T group and addition-
ally a dose of 100 mg/kg of safranal dissolved in 1
cc of physiological saline solution was administered
via gastric gavage for 8 weeks. Commercial safran-
al (Sigma-w338907) was used in the study. Safranal
Group (S); a dose of 100 mg/kg of safranal dissolved
in 1 cc of physiological saline solution was adminis-
tered via gastric gavage for 8 weeks. The dose of sa-
franal used in this study was based on previous stud-
ies (Hosseinzadeh et al., 2013; Hazman ve Bozkurt,
2015; Hazman and Ovali, 2015).

Sample preparation

At the end of the experimental period, the rats were
anesthetized and sacrificed by cervical dislocation.
Rats were anesthetized with 10 mg/kg-im xylazine
and 50 mg/kg-im ketamine injection. All rats were
sacrificed on the 56th day (8 weeks) of the experiment
and tissue samples (brain, lung, liver, kidney, testis)
were collected for examination of clinical biochemi-
cal analysis. Tissue samples (0.5 g) were placed in ho-
mogenizer and were added 5 mL of phosphate buffer
solution (PBS) (pH: 7.4) and were homogenized by
means of the homogenizer and the sonicator. The ho-
mogenates were centrifuged at 15000xrpm and +4°C
for 10 minutes, and the supernatants were stored at
-80 °C in deep freeze pending analysis.

Measurement of parameters

In the obtained supernatants, the Malondialdehyde
(MDA) levels were determined according to Ohka-
wa et al. (1979), the reduced glutathione (GSH) an-
alyzes were conducted based on Beutler (1963) and
the amounts of Nitric oxide (NOx) were determined
via the “Vanadium chloride (III) - Gries Reaction”
method of Miranda et al. (2001). Total oxidant (TOS)
and antioxidant status (TAS) measurements were

performed via Eliza Reader (Biotek, ELx800) using
commercial kits based on the method developed by
Erel (2004, 2005). The amount of toluene in the blood
was measured and the level of inhalation in T and T
+ S groups were determined. The toluene levels in
the rats’ blood were determined using the GS-MS in
Acibadem Labmed Central Laboratory (Istanbul, Tur-

key).

Statistical analysis

ANCOVA method was used for statistical analysis
and the difference between the groups was tested us-
ing the Bonferroni test. The live weight averages of
the groups at the zeroth and eighth week were chosen
as the covariate. Data were analyzed using the SPSS®
24 package program. The results were expressed as
“meantstandard error” (X+SE) and p <0.05 was con-
sidered as the significance value.

RESULTS

Blood toluene levels

Blood toluene levels of rats that inhaled sub-chron-
ic thinner are presented in Table 1. No statistically
significant difference was determined for inhaled tol-
uene levels in T and T+S groups.

MDA levels measured in tissue samples

The changes in MDA, which is an indicator of
from lipid peroxidation, in the liver, lung, kidney,
brain and testis tissue samples retrieved from the four
experiment groups constituted in the present study,
are presented in Table 2. Comparing the MDA levels
of the T group with that of the control group levels it
could be observed that a significant increase of MDA
levels were determined in liver, lung, testis and kid-
ney tissues (p=0.000).

GSH levels measured in tissue samples

The GSH levels in groups are presented in Table 3.
It was observed that GSH levels in liver, kidney brain,
and testis tissues was a significant decreased between
T group and that of the control groups (Respectively
p=0.013; p=0.000; p= 0.015; p= 0.007)

TAS and TOS levels measured in tissue samples
Changes of TAS and TOS levels in all tissues in
groups are presented in Table 4 and Table 5, respec-
tively. Comparing the TAS levels of the T group with
that of the control group levels it was determined that
TAS levels only significantly decreased in liver and
kidney tissues (p=0.000). It was identified that liv-
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er and brain TOS levels only significantly increased
between the T group and that of the control group
(p=0.000; p=0.001). It was observed that the liver
and kidney tissues TAS levels significantly increased
between T+S group and that the T group (p =0.000).
It was concluded that liver tissue TOS levels signifi-
cantly decreased between the T+S group and the T
group (p =0.000).

NO_levels measured in tissue samples

The changes in the NO_ levels obtained from all
tissues of the experiment groups are presented in Ta-
ble 6. It was observed that the NO_ level significant-
ly increased only in the brain tissue between T group
and the control group (p=0.000). When the NO_levels
of the T+S group were compared with the levels of
the T group, it was concluded that there existed a sta-
tistically significant decrease in the NO_levels in all
tissues (p =0.000).

Table 1. Blood toluene levels of rats in T and T+S groups

e C S T T+S
oups %+SE T+SE %+SE %+SE p
Toluene (ng/ml) - - 1,525+0,071 1,48120,071 0,730

C: Control Group; T : Sub-chronic Thinner Inhalation Group; T+S: Sub-chronic Thinner Inhalation + Safranal Group;

S: Safranal Group; X + SE: mean + standard error; p<0.05

Table 2. MDA levels measured in tissue samples

MDA C S T T+S

(nmol/g tissue) %+SE %+SE %+SE %+SE P
LIVER 34,821 ,60% 36.71=1 24 41,81=1,18° 29.38+1,46° 0,000
LUNG 19,9540,94° 19,83+0,73 24.27+0,69° 18,32+0,86" 0,000
KIDNEY 24,18+1,81 27324139 32,8341 33" 27.82+1,65% 0,000
BRAIN 27,32+0,88" 22,7240,68" 28,35+0,65 * 17.09+0,79 ¢ 0,000
TESTIS 20,28+2,05" 19,58+1,58" 29,54+1,51 17.97+1,87" 0,000

MDA: Malondialdehyde; C: Control Group; T : Sub-chronic Thinner Inhalation Group; T+S: Sub-chronic Thinner

Inhalation + Safranal Group; S: Safranal Group; X = SE: mean + standard error; a,b,c: different letters on the same line

indicate a significant difference p<0.05

Table 3. GSH levels measured in tissue samples

GSH C S T T+S

(nmol/g tissue) X+SE %+SE %+SE %+SE P
LIVER 19.93+1,05° 19.25+0.81% 16,47+0.78" 18.69+0,96® 0,013
LUNG 16,46+0,70 16,71£0,54° 17,3740,52° 13.,64+0,64° 0,000
KIDNEY 15,99+0,98 17.39+0,76° 12,9140,72° 14,09+0,89 % 0,000
BRAIN 14,70+0,75° 14,36+0,58 12,41+0,55 13,14+0,69% 0,015
TESTIS 18,8+1,6° 18,711,22% 13.76:1,16° 18,60+1,44% 0,007

GSH: reduced glutathione; C: Control Group; T : Sub-chronic Thinner Inhalation Group; T+S: Sub-chronic Thinner

Inhalation + Safranal Group; S: Safranal Group; X + SE: mean + standard error; a,b,c: different letters on the same line

indicate a significant difference p<0.05

Table 4. TAS levels measured in tissue samples

TAS C S T T+S

(mmol Trolox Equiv./L) %+SE %+SE %+SE X4SE P
LIVER 0,89+0,07 * 0,39+0,05 ® 0,38+0,05 ° 0,80£0,06 * 0,000
LUNG 0,28+0,09 0,29+0,07 0,32+0,07 0,49+0,09 0,213
KIDNEY 0,56+0,07* 0,45+0,06° 0,15+0,06" 0,490,07 ¢ 0,000
BRAIN 0,350,07 0,22+0,05 0,32+0,05 0,35+0,06 0,158
TESTIS 0,43+0,05 0,33+0,04 0,30+0,03 0,38+0,04 0,060

TAS: Total antioxidant status; C: Control Group; T : Sub-chronic Thinner Inhalation Group; T+S:Sub-chronic Thinner
Inhalation + Safranal Group; S: Safranal Group; X + SE: mean + standard error; a,b,c: different letters on the same line
indicate a significant difference p<0.05
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Table 5. TOS levels measured in tissue samples

TOS C S T T+S
(umol H,0,Equiv./L) %+SE %+SE %+SE %+SE P
LIVER 18.24=2,03 28.8251.56°  3532+149°  2251+1,85° 0,000
LUNG 13,24+1,89 16,17+1,46 16,75%1,39 13.26£1,73 0,129
KIDNEY 12,64+2,31 12,62+1,78 16,10+1,70 12,5622,11 0,361
BRAIN 7,46+1,98" 13,14£1,53®  17,26£1,46° 15,44+1,81% 0,001
TESTIS 11,74+1,25 11,74+0,97 13.77+0,92 10.91+1,14 0,193

TOS: Total oxidant status; C: Control Group; T : Sub-chronic Thinner Inhalation Group; T+S: Sub-chronic Thinner
Inhalation + Safranal Group; S: Safranal Group; X + SE: mean + standard error; a,b,c: different letters on the same line

indicate a significant difference p<0.05

Table 6. NO_ levels measured in tissue samples

NO_ C S T T+S
(umol/g tissue) %+SE %+SE X+SE %+SE P
LIVER 7,23+1,314% 12,09+1,02° 9,32+0,97° 3,00£1,19° 0,000
LUNG 4,3240,89% 6,8620,69° 6,5420,66° 2,85+0,82° 0,000
KIDNEY 5,0940,90 8,630,69" 6,99+0,67° 2,29+0,82° 0,000
BRAIN 3,3241,01° 7,7120,78* 6,98+0,74* 3,6240,92° 0,000
TESTIS 5,6440,95 5,87+0,73° 6,69+0,69° 2,8140,86" 0,006

NOx: Nitric oxide; C: Control Group; T : Sub-chronic Thinner Inhalation Group; T+S: Sub-chronic Thinner Inhalation
+ Safranal Group; S: Safranal Group; X + SE: mean + standard error; a,b,c: different letters on the same line indicate a

significant difference p<0.05

DISCUSSION

In the present study, it was observed that rats did
not exhibit any escape reflexes during the applica-
tion in the first two weeks of the inhalation, however,
rats became more aggressive and exhibited escaping
movements after the third week, their urination and
excretion increased, and the uncontrolled rotational
movements and standing reflexes deteriorated. Such
observations obtained during the present study sup-
ported the previous findings reported in the literature
suggesting that thinner acted as a neurotoxic agent
and there existed evidence of intoxication in the cen-
tral nervous system due to thinner inhalation (Boliik-
basi, 2005). It was also observed that the rats in the
T+S group exhibited calmer behaviors contrary to the
aggressive behaviors detected in the thinner inhala-
tion group. Such finding could be interpreted as the
mitigating or suppressing effect of safranal in case of
the intoxication due to thinner inhalation. However,
such finding should be supported through research
conducted at molecular level. The difference between
the blood toluene levels of the rats in the T and T +
S groups indicates that the groups inhaled the same
level of thinner.

Hosseinzadeh et al. (2013) suggest that the oral ad-
ministration of safranal, in subacute toxicity test did

not induce any toxic effects in many organs. Safranal
at doses of 100 mg/kg by oral rout for 8 weeks did
not cause any death in rats. However, an increase in
the movement of animals was observed in the first 5
minutes after the application. This might be related to
the irritant nature of most essential oils.

Higher doses and longer durations of thinner inha-
lation increases the monooxygenases based on CYP-
450 and therefore results in ROS (Backes, 1993)..
It is acknowledged that the toxic effects of organic
solvents on cellular damage occurs due to the initi-
ation of lipid peroxidation by free oxygen radicals
such as superoxide anion ferryl and hydroxyl ions or
more generally by the ROS (Mattia et al., 1991, 1993;
Ahmed-Choudhury et al.,1998). Konuk et al. (2012)
reported that sub-chronic thinner inhalation in rats
increased free radical production. Additionally, expo-
sure to sub-chronic toluene was reported not only to
increase ROS production measures, but also to sig-
nificantly affect various antioxidants (Kodavanti et al.
2015).

Given that the membrane phospholipids are the
main target of free radicals, concentrations of MDA,
one of the end products of lipid peroxidation (LP),
were reported to be directly related to the severity of
damage (Aleksandrovskii et al., 1988). In the pres-
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ent study, once the MDA levels of the thinner group
were compared with the MDA levels of the control
group, it was observed that the MDA levels signifi-
cantly increased in liver, lung, testis and kidney tis-
sues, however, no significant increase was detected
for the brain tissues despite the relative increase. Such
findings were found to be consistent with the previ-
ous studies (Ulakoglu et al., 1998a, 1998b; Karaozler
et al., 2002; Halifeoglu et al., 2000). It was reported
that in vivo and in vitro exposure to thinner or tolu-
ene accelerated the ROS formation in the brain, liver,
kidney and lungs of rats and increased lipid (Mattia
et al., 1991;1993; Halifeoglu et al., 2000; Baydas et
al., 2005). In parallel with these results, it is possible
to state that sub-chronic thinner inhalation increased
lipid peroxidation in tissues in the present study. It
was reported that saffron and its components exhib-
ited hydroxyl and DPPH radical scavenging activi-
ty (Hosseinzadeh et al., 2009; Assimopoulou et al.,
2013). The literature review yielded no studies that
focused on investigating the effects of safranal on
thinner toxicity. In studies conducted through the use
of safranal as an antioxidant molecule, it was stated
that the increased MDA levels were decreased due to
the antioxidative properties of safranal (Hosseinzadeh
and Sadeghnia 2005; Mehdizadeh et al., 2013; Sade-
ghnia et al., 2013; Samarghandian et al., 2014, 2015).
In the present study, the tissue MDA levels in T+S
groups were found to be close to the levels of the con-
trol group and such finding indicated that safranal had
a protective effect against the damaging effects of ox-
idation reactions in the organs and had an antioxidant
potential in preventing lipid peroxidation, however
such potentials did not exhibit uniform intensities for
all tissue types.

GSH protects cells from oxidative damage through
a direct interaction with the free radicals of the sulf-
hydryl group or through acting as a cofactor (Valko
et al., 2006). In the present study, once the GSH lev-
els of the tissue samples of the five organs of the T
group were compared to those of the control group, it
was determined that the GSH levels in the liver, testis,
brain and kidney tissues were statistically significant-
ly lower. On the other hand, there existed a statistical-
ly insignificant increase in the lung tissues, contrary
to the findings in literature. Similar studies that fo-
cused on the effects of thinner on GSH levels reported
that GSH levels decreased due to thinner inhalation
(Baydas et al., 2003,2005; Ulakoglu et al.,1998a; El-
Nabi1 Kamel and Shehata 2008; Dillioglugil et al.,
2005; Ahmadizadeh et al., 2014). In conclusion, the

decreasing GSH levels in all tissues except the lung
were considered to be due to the free oxygen radi-
cals such as superoxide anions, ferryl and hydroxyl
ions formed by the catabolism of thinner metabolites
such as benzyl alcohol and benzaldehyde, which in-
creased due to thinner inhalation. Hazman and Boz-
kurt (2015) and Samarghandian et al. (2014) reported
that safranal increased the GSH levels in diabetic rats
and suppressed the oxidative stress based on diabetes.
In the present study, it was observed that the GSH lev-
els decreased in the liver, testis, brain and kidney tis-
sues of the T group were back to the control levels in
the T+S group. Therefore, the authors considered that
the excessive amounts of free radicals due to thinner
inhalation were neutralized by safranal and the oxida-
tive stress levels were decreased or safranal increased
the biosynthesis GSH.

It was reported that the antioxidant/oxidant sta-
tus in the body was more simply evaluated by TAS
and TOS measurements and gave an insight about
the sensitive balance between the in vivo oxidants
and antioxidants as a result of synergistic interactions
(Ghiselli et al., 2000; Erel, 2004; Erel, 2005; Kayar et
al., 2015). However, once the antioxidant/oxidant bal-
ance was deteriorated in favor of oxidants and oxida-
tive stress occurred, a significant negative correlation
could be observed between the TAS and TOS levels
(Erel, 2005). Considering the TAS and TOS levels
for all tissues, TAS levels were determined to nu-
merically increase in the T+S group when compared
to the T group, and the TOS levels were determined
to decrease. Once the data from the Safranal group
were compared to the data of the control group, the
expected TAS-TOS negative correlation could not be
observed. On the other hand, similar studies that fo-
cused on the effects of thinner on TAS and TOS levels
indicated that the decrease in total antioxidant capac-
ity levels due to thinner inhalation was a result of the
oxidative stress (Bayil et al., 2008; Konuk et al.,2012
Hazman and Bozkurt (2015) suggested that safran-
al increased the TAS levels and decreased the TOS
levels especially in diabetic rats, hence, acted exactly
similar to an antioxidant. The present study also states
that safranal has a protective effect against the oxida-
tive damage due to thinner inhalation.

NO is a free radical that is defined as a biolog-
ical signal molecule and plays an important role in
both physiological and pathophysiological processes
(Velayutham. and Zweier, 2013). In the presence of
stressors, it could be produced by the catalytic ac-
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tion of inducible NO-synthase (iNOS) and could be
at higher concentrations. NO could lead to damage
to proteins, lipids and the DNA through direct or su-
peroxide reaction and thus lead to the formation of a
highly reactive peroxide anion (Rahal et al., 2014).
In the present study, the increased NO_ levels in the
T groups in comparison to the control group indicat-
ed the presence of thinner metabolites and their acti-
vated release. While Konuk et al. (2012) determined
that nitric oxide metabolites in rats were higher in T
groups when compared to the control, Maniscalco et
al. (2004) concluded that NO_levels increased in the
blood of shoe and leather workers, breathing organic
solvents such as toluene, xylene and methyl-ethyl ke-
tone. Once the NO_levels of the S group were com-
pared to those of the control group, a numeric increase
was observed for all tissues. Farahmand et al. (2013)
stated that safranal could be effective as a hormetin
and in cases of mild oxidative damage that causes
the activation of the antioxidative enzymes. Several
studies that investigated the anti-inflammatory and
antioxidant potentials of safranal reported a decrease
in NO_ level due to safranal administration (Samar-
ghandian et al., 2014; Bukhari et al., 2015; Hazman
and Bozkurt 2015). In the present study, decreased
NO_ levels in the T+S group indicated that safranal
decreased the thinner-based stressors.

CONCLUSIONS

In conclusion, it was determined that the oxidative
stress in liver, lung, brain, testis and kidney tissues
developed due to thinner inhalation was eliminated or
mitigated due to safranal administration, either by de-

creasing the NO_, MDA and TOS levels or by increas-
ing the GSH and TAS levels. Safranal was considered
to have important antioxidant potentials in protecting
the studied tissues against the harmful effects of ox-
idative stress. However, it was evident that safranal
did not provide a uniform effect for every tissue. Al-
though safranal appears to be a biological antioxidant,
there exists scarce evidence of its effect as a direct
chemical antioxidant. However, in the present study,
the comparison between the data of the safranal group
and the control group indicated close values for NO_
and TOS levels of the T group and the expected TAS-
TOS correlation was not achieved. Such results could
indicate the significance of safranal dose in medical
applications. Therefore, it was considered that safran-
al, effective as a hormetin, could also act indirectly as
an antioxidant. Within the scope of these outcomes,
it becomes essential to consider not to exceed the
specific limit values of solvent inhalation in sever-
al industries. It is as well considered significant that
applying treatment methods that include safranal for
the rehabilitation of volatile substance addicts could
contribute to the development of new treatment mod-
ulations.
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INTRODUCTION

fter exposure to radiation, free radicals occur in

cells within milliseconds. The subsequent alter-
ations in intracellular processes following irradiation
are due to the initial oxidative damage caused by
these free radicals. The physiological signs of these
radiation-induced alterations have been suggested to
contribute to adaptive responses, bystander effects,
cytotoxicity, radiosensitization, genomic instability,
inflammation, and fibrosis. While most of the mo-
lecular changes associated with the initial production
of free radicals at the time of irradiation are known,
the contribution of metabolic processes to biological
outcomes following exposure to radiation have been
identified recently (Spitz, Azzam, Li, & Gius, 2004).
Superoxide anion (O,"), hydroxyl radical (OH"), and
hydrogen peroxide (H,O,) are the reactive oxygen
species (ROS) that form after the radiolysis of wa-
ter (Kaushal, Chandrashekar, & Juncos, 2019; Zhang
et al., 2019). There are some protective enzymes in
cells such as superoxide dismutase, catalase, and glu-
tathione peroxidase that are increased in radiation-in-
duced oxidative stress (Bhosle, Huilgol, & Mishra,
2005; Musa, Shabeeb, & Alhilfi, 2019). In this con-
text, O, can be eliminated by Superoxide dismutases
(SOD), and Glutathione peroxidase (GSH-Px) is the
major antioxidant enzyme responsible for hydrogene
proxide (H,0,) detoxification (Sun, Chen, Li, & Ge,
1998). Amifostine (WR-2721), as an organic thio-
phosphate, is the only FDA-approved radioprotect-
ant agent used in radiotherapy and capable of ROS
scavenging (Cakmak, Severcan, Zorlu, & Severcan,
2016). Melatonin (N-acetyl-5-methoxytryptamine),
a hormone majorly secreted in the pineal gland, has
abilities to scavenge free radicals as well as antiox-
idant effects by stimulating antioxidant enzymes
(Musa, Shabeeb, & Alhilfi, 2019).

In this study, we aimed to compare the protective
effects of melatonin and amifostine on radiation-in-
duced oxidative stress. No functional endpoints were
tested.

MATERIALS AND METHODS

Study design and animals

All experiments were conducted adhering to the
guidelines of the institutional animal ethics com-
mittee (TUHDYEK-2012/18). This work was sup-
ported by the Scientific Research Projects Coordi-
nation Unit of Trakya University (Project Number:
TUBAP:2012/104). As a result of the power analysis

performed for the study design, it was planned to re-
cruit 10 rats to each group for %95 reliability. Inclu-
sion cirteria: Weight between 170 g and 230 g, female
rats, survival after treatment. Exclusion criteria: The
weight less than 150 g or greater than 280 g, male
rats, the dead rats after treatment. Fifty female Wistar
rats, 3-4 months old, weighing 200 &+ 25 g, maintained
under standard temperature and humidity conditions,
were used in the study. The animals had free access
to sterile water and food and were housed in a poly-
propylene cage containing sterile paddy husk for bed-
ding throughout the experiment. All animals received
humane care according to the criteria outlined in the
“Guide for the Care and Use of Laboratory Animals”
prepared by the National Academy of Sciences and
published by the National Institutes of Health. The
animals were divided into five groups (with ten rats
each) and treated as follows:

* Group 1: control (Cont);

* Group 2: radiotherapy alone (RT);

* Group 3: radiotherapy + amifostine (RT+AMI);
» Group 4: radiotherapy + melatonin (RT+MEL);

* Group 5: radiotherapy + amifostine + mela-
tonin (RT+AMI+MEL).

Animals in the RT group were treated with
0.9% saline solution (SS) 30 minutes before irradi-
ation. Amifostine was administered to the rats in
the RT+AMI and RT+AMI+MEL groups 30 min-
utes before irradiation. Animals in the RT+AMI and
RT+AMI+MEL groups received amifostine (200 mg/
kg, ER-KIM Ilac, Istanbul, Turkey) by intraperitoneal
injection before irradiation (Cosar et al., 2012). Mela-
tonin was administered to the rats in the RT+MEL and
RT+AMI+MEL groups 30 minutes before irradiation.
Animals in the RT+MEL and RT+AMI+MEL groups
received melatonin (10 mg/kg, Sigma Chemical Co,
St. Louis, USA) by intraperitoneal injection before
irradiation (Sener, Jahovic, Tosun, Atasoy, & Yegen,
2003). All experimental procedures were performed
on anesthetized rats. Anesthesia was performed via
intramuscular ketamine (100 mg/kg, Pfizer Ilac, Is-
tanbul, Turkey) and xylazine (3.9 mg/kg, Interhas
A.S., Istanbul, Turkey) during irradiation. The fol-
low-up period was 72 hours in all groups. At the end
of this follow-up period, after all rats were anesthe-
tized, the rats were sacrificed using cervical disloca-
tion method (Cosar et al., 2012). After irradiation, the
animals were closely monitored until they recovered
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from anesthesia. No animals died due to irradiation or
medication.

Irradiation

Rats were anesthetized and fixed on their blocks
across a blue Styrofoam (Med-Tec, Orange City, 1A,
USA) treatment couch in prone position. RT, RT+A-
MI, RT+MEL and RT+AMI+MEL groups were ir-
radiated individually with a single dose of 8 Gy
using a 60Co treatment unit (Cirus, cis-Bio Int., Gif-
sur-Yvette, France). Dose rate was 1.15 Gy/min.

Spectrophotometric Analysis

Kidney tissue samples were excised, weighed,
and immediately stored at —50°C for later spectro-
photometric analyses. The kidney tissues cleaned
with 1.15% ice-cold KCl, minced, and then homog-
enized in five volumes (w/v) of the same solution.
The homogenates were spun at 14000 rpm for 30
min at +4°C, and assays were performed on the re-
sultant supernatant. The protein concentration of the
tissue was measured using the Lowry method (Lowry,
Rosebrough, Farr, & Randall, 1951). The total anti-
oxidant capacity (TAC) of supernatant fractions was
evaluated using a novel automated and colorimetric
measurement method developed by Erel et al. (Erel,
2004). Hydroxyl radicals, the most potent biological
radicals, are produced in this method. In the assay,
the ferrous ion solution present in Reagent 1 is mixed
with hydrogen peroxide, which is present in Rea-
gent 2. The subsequently produced radicals, such as
brown-colored dianisidine radical cations produced
by the hydroxyl radicals, are also potent radicals. Us-
ing this method, the antioxidative effect of the sample
is measured against the potent-free radical reactions
initiated by the produced hydroxyl radicals. The assay
has excellent precision values lower than 3%. TAC
results are expressed as pmole Trolox equivalent/mg
protein. The total oxidant status (TOS) of supernatant
fractions was evaluated using a novel automated and

Table 1. Spectrophotometric analysis results

colorimetric measurement method developed by Erel
(Erel, 2005). Oxidants present in the sample oxidize
the ferrous ion-o-dianisidine complex to ferric ion.
The oxidation reaction is increased by glycerol mol-
ecules, which are abundantly present in the reaction
medium. The ferric ion makes a colored complex with
xylenol orange in an acidic medium. The color inten-
sity, which can be measured spectrophotometrically,
is related to the total amount of oxidant molecules
present in the sample. The assay is calibrated with
hydrogen peroxide, and the results are expressed in
terms of pmole H,O, equivalent/mg protein (Ozturk
et al., 2011). The ratio of TOS to TAC was regard-
ed as the oxidative stress index (OSI). The units for
kidney tissue TOS and TAC values were converted to
umole H O, Equiv./gram protein. The kidney tissue
OSI value was calculated as follows: OSI = ((TOS,
umole H O, Equiv./gram protein)/(TAC, pmole H,O,
Equiv./gram protein) x 100) (Aycicek, Erel, & Kocy-
igit, 2005).

Statistical Analysis

All statistical evaluations were made using the
SPSS 19 package program. One way analysis of vari-
ance and Mann-Whitney U test (post hoc with Bon-
feroni correction) were used to determine differences
between the groups. All parameters were given as
mean + SD. Significance was considered at p <0.05.

RESULTS

All the animals were included in the analysis. Af-
ter radiotherapy, although TAC decreased, TOS and
OSI increased, although only the change in OSI was
statistically significant ( p=0.03). Addition of ami-
fostine or melatonin to radiotherapy increased TAC
significantly ( p=0.00), but there was no additive ef-
fect for TAC when both drugs were given together. In
terms of TOS, there was an increase, but this was sta-
tistically significant only for amifostine. Results for
OSI were similar to TAC results (Table 1 and table 2).

TAC (umole H,0,

TOS (umole H,0,

OSI = ((TOC, umole H,0O, Equiv./gram protein)/

Group Equiv./gram protein) Equiv./gram protein)  (TAC, pmole H,O, Equiv./gram protein) x 100)
1 Control 3.58+0.45 0.99+0.34 0.02+0.009

2 RT 2.98+0.67 2.11+£0.91 0.07+0.030 A*

3 RT+AMI 4.16+0.21 E*** 6.7+1.53 E*** 0.15+0.030 E***

4 RT+MEL 4.50+0.62 F*** 3.02+1.27 0.07+0.039

5 RT+AMI+MEL 2.89+0.48 2.92+0.71 0.10+0.30

Data are given as mean£SD. * p< 0.05, ** p<0.01, ***p<0.001. Group Comparisons: A: 1 and 2, B: 1 and 3, C: 1 and
4,D:1and 5,E: 2 and 3, F: 2 and 4, G: 2 and 5. Abbreviations: AMI, Amifostine; MEL, Melathonin; RT, Radiotherapy;

TAC, Total Antioxidant Capacity; TOS, Total Oxidant Status;

OSI, Oxidative Stress Index
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Table 2. The statistical comparison of the groups for TAC, TOS and OSI

Groups 1 2
2 131
3 147 .000
TAC 4 .002 .000
5 .050
2 208
3 .000 .000
Tos 4 .001 581 .000
5 .002 .888
2 .030
3 .000 .000
st 4 029 1.000 .000
5 .000 172 .001 178

Abbreviations: AMI, Amifostine; MEL, Melathonin; RT, Radiotherapy; TAC, Total Antioxidant Capacity; TOS, Total
Oxidant Status; OSI, Oxidative Stress Index , Group 1: control (Cont), Group 2: radiotherapy alone (RT), Group
3: radiotherapy + amifostine (RT+AMI), Group 4: radiotherapy + melatonin (RT+MEL), Group 5: radiotherapy +

amifostine + melatonin (RT+AMI+MEL),

DISCUSSION

The main finding of this study is melatonin and
amifostine may have some protective effect on radi-
ation-induced renal oxidative stress. Radiation is an
important inducer of oxidative stress, and chronic ox-
idative stress after total body irradiation is thought to
be the cause of radiation nephropathy in rats (Ozbek,
2012). In our study, whole body irradiation of rats
provoked oxidative stress in the kidney, identified by
elevated levels of TOS and decreased levels of TAC
compared to their respective values in control rats.
The decrease in antioxidants might result from their
increased utilization to neutralize the excess of free
radicals, as well as their release to the blood stream
resulting from radiation-induced cell membrane dam-
age (Saada Helen & Azab Khaled, 2001). In addition,
protein oxidation may contribute to the partial inacti-
vation of enzymes (Kregel & Zhang, 2007).

The major enzymatic antioxidants are SOD, cat-
alase, and GSH-Px. SOD is generally thought to act
as a bulk scavenger of superoxide radicals. H,O, that
is produced by the action of SOD or the action of ox-
idases, such as xanthine oxidase, is reduced to water
by catalase and GSH-Px. Catalase exists as a tetram-
er composed of 4 identical monomers, each of which
contains a heme group at the active site. Degradation
of H,0, is accomplished via catalase. Catalase also
binds NADPH as a reducing equivalent to prevent ox-
idative inactivation of the enzyme by H,O, as it is re-
duced to water (Kirkman, Rolfo, Ferraris, & Gaetani,
1999; Zelko, Mariani, & Folz, 2002). Enzymes in the
redox cycle responsible for the reduction of H,0, and

lipid hydroperoxides (generated as a result of mem-
brane lipid peroxidation) include GSH-Px. GSH-Px
reduces H,0, and lipid peroxides to their correspond-
ing alcohols (Flohe, Gunzler, & Schock, 1973).

The role of melatonin as a protector against ioniz-
ing radiation has been investigated in different studies.
These results suggest that the radioprotective effect of
melatonin is not species-specific and acts in a simi-
lar way in different biological systems (Blickenstaff,
Brandstadter, Reddy, & Witt, 1994; Vijayalaxmi,
Reiter, & Meltz, 1995; Vijayalaxmi, Reiter, Sewery-
nek, et al., 1995). Melatonin is a remarkably efficient
oxygen radical scavenger. In vitro, melatonin is five-
fold better at neutralizing hydroxyl radicals than glu-
tathione and twofold more effective at inactivating
peroxyl radicals than vitamin E (Baldwin & Barrett,
1998; Haghi-Aminjan et al., 2018). Also, melatonin’s
protective effects in some subcellular compartments
may be due to its indirect antioxidative actions such
as stimulation of enzymes that either promote the
synthesis of other antioxidants or metabolize reactive
species to non-radical products (El-Sokkary, Omar,
Hassanein, Cuzzocrea, & Reiter, 2002; Hara et al.,
1997; Kotler, Rodriguez, Sainz, Antolin, & Menen-
dez-Pelaez, 1998). Histopathological studies have
shown that melatonin has a protective effect against
radiation-induced nephrotoxicity (Kucuktulu et al.,
2012; Ozen et al., 2013).

Amifostine is an organic thiophosphate ester prod-
rug and must be activated by alkaline phosphatase
to be converted into an active sulthydryl compound
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(Kaldir et al., 2008; Levi et al., 2002). It has been
shown that amifostine can ameliorate functional renal
damage in rat kidneys (Caloglu et al., 2009; Rolle-
man et al., 2007). Amifostine is a broad-spectrum cy-
toprotective agent and selectively protects all normal
tissues without decreasing the response of neoplastic
tissues to the cytotoxic effects of radiation therapy.
Normal tissues have higher alkaline phosphatase ac-
tivity in the plasma membrane, higher interstitial pH,
and better vascularity when compared with tumor
cells (Hensley et al., 2009). It has been known from
previous study that the sublethal dose of whole body
ionizing radiation had a protective effect against ami-
fostine damage to brain tissue (Cakmak et al., 2009).
The protective effect of amifostine against renal ox-
idative stress has been shown (Jacevic et al., 2018;
Stankiewicz & Skrzydlewska, 2003).

In our study, addition of amifostine or melatonin to
radiotherapy increased TAC significantly. There was
no statistically significant difference in TAC between
amifostine and melatonin administration, and there
was no additive effect on TAC and TOS when both
drugs were given together. In terms of TOS, there was
an increase, but this was statistically significant only
for amifostine administration. An interesting finding
of this study is that mean OSI levels in Group 3 al-

most two-fold higher in Group 2. This may be due to
an increase in total oxidant capacity in kidney tissue.
And finally, there was no significant protective effect
of both drugs on OSI.

CONCLUSIONS

In conclusion, we suggest that melatonin and am-
ifostine have some protective effects on radiation-in-
duced renal oxidative stress.. For this reason, we think
that this study is very important for the literature. Au-
thors should discuss the results and how they can be
interpreted in perspective of previous studies and of
the working hypotheses. The findings and their im-
plications should be discussed in the broadest context
possible. Future research directions may also be high-
lighted. Strengths and limitations of the study should
be discussed as well.
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Effect of nebulized formoterol, ipratropium bromide, and furosemide in
combination with fluticasone propionate on arterial blood gases of premature
calves with respiratory distress syndrome
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ABSTRACT. The purpose of this study was to assess the clinical effect of nebulized formoterol (FM), ipratropium
bromide (IB) and furosemide (FS) combined with fluticasone propionate (FP) on lung function in premature calves
with Respiratory Distress Syndrome (RDS). Thirty-six premature calves with RDS were randomly assigned to six
different treatment groups (D1 to D6). All groups received the standard treatment, including oxygen and support treat-
ment. Calves in D1 received only the standard treatment. The following combinations of nebulized drugs were used for
the other groups: D2: FP, D3: FP+FM; D4: FP+IB; D5: FP+FS and D6: FP+IB+FM+FS. The treatment period (72 h)
involved the application of FM (15 pg totally/12 h), IB (2 png/kg/12 h), FS (1 mg/kg/12 h) and FP (15 pg/kg/12 h) for
five minutes. A significant increase over time in blood pH, partial pressure of oxygen (PaO,), oxygen saturation (SatO,)
and a decrease in partial pressure of carbon dioxide (PaCO,) and lactate were detected in all groups that received nebu-
lized treatment; while in the D1, a significant change was observed only for PaCO,. Calves in D6 had the highest PaO,
and lowest PaCO, values amongst all groups at the end of treatment. No statistical difference was observed between the
Nebulization Groups (NG). Nebulized FM, IB and FS with FP combination in premature calves with RDS, in addition
to the standard treatment showed a significant curative effect on lung function.
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INTRODUCTION

remature calves often suffer from life-threatening

disorders due to incomplete development of or-
gans, such as lungs, (Bleul, 2009) resulting in a de-
creased gas exchange capacity due to decreased lung
volume and capillary surface area. An insufficient ex-
change of gas results in hypoxemia and long-lasting
oxygen requirements (Ok and Birdane, 2000; Aydog-
du et al., 2016). In premature infants, surfactant de-
ficiency and inflammation-associated fibrosis have
been reported to play an important role in increasing
the respiratory distress syndrome (RDS) risk (Murch
et al., 1996).

The availability of nebulized drugs alleviates
the clinical signs of RDS and improves pulmonary
function (Genicot et al., 1994; Yildiz and Ok, 2017).
Fluticasone propionate (FP) is one of the most com-
monly used inhaled steroids to reduce inflammation
in pulmonary disorders and for treatment of asthma
symptoms. It is also extensively used for treating re-
spiratory problems in horses (Robinson et al., 2009)
and in premature calves with RDS (Yildiz and Ok,
2017). Diuretics, such as furosemide (FS), decrease
interstitial oedema and pulmonary vascular resistance
and facilitate gas exchange; thereby reduce oxygen
consumption (Bancalari et al., 2005). Inhaled FS has
been considered to improve lung function in prema-
ture calves with RDS (Yildiz and Ok, 2017). Beta-2
adrenergic or anticholinergic aerosols are useful in
treating bronchial constriction in preterm infants and
they have been known to relieve from acute respira-
tory distress (Jarjour et al., 2006). Formoterol (FM)
and ipratropium bromide (IB) are long-acting -2 ad-
renergic agonists, which exert their action by relaxing
the smooth muscles of the respiratory tract. The onset
of action of FM is rapid and has been shown to exert
long-lasting bronchodilation in children with bronchi-
al asthma (Faulds and Hollingshead, 1991). Leemans
et al., (2009) found that inhaled salbutamol and IB
were effective in the treatment of respiratory disor-
ders in cats.

Therefore, the hypothesis of this study was wheth-
er the administration of nebulized FP combined with
FM, IB and FS, additionally to oxygen therapy and
standard clinical care, significantly improves the con-
dition of premature calves with RDS, just as reported
in human, feline and equine neonates.

MATERIALS AND METHODS
Animals: Thirty-six premature calves of different

breeds (Holstein, n=27; Simmental, n=5 and Brown
Swiss, n=4) diagnosed with RDS were admitted to the
Animal Hospital of the Faculty of Veterinary Medi-
cine of Selcuk University, within 2-12 h of birth. A
number from 1 to 6 was randomly assigned to these
premature calves using a random number genera-
tor, as follows: D1 (n=6), D2 (n=6), D3 (n=6), D4
(n=6), D5 (n=6) and D6 (n=6). D1 was considered
the standart treatment group whereas D2, D3, D4, D5
and D6 the nebulized treatment groups. Inclusion cri-
teria were the gestational age (230 to 260 days) and
RDS following a clinical examination (Yildiz and
Ok, 2017). RDS criteria for premature calves includ-
ed: hypoxemia (PaO, < 60 mm Hg in arterial blood);
hypercapnia (PaCO,> 45 mm Hg in arterial blood);
tachypnea (respiratory rate; RR > 45 breaths/min) and
expiration accentuated by an abdominal lift (Bleul et
al., 2008; Yildiz and Ok, 2017). Peripheral oxygen sat-
uration (SpO,) was measured using a patient monitor
device (Compact, Econet, Germany) and calves were
clinically examined during the study. Calves having
RDS as a result of other underlying diseases such as
aspiration pneumonia or trauma were excluded from
the study. Approval of the study was obtained from
institutional ethics board of the Veterinary Faculty of
Selcuk University (no: 2014/05).

Sample collection and blood analysis

Sodium heparin-containing plastic insulin syring-
es were used for the collection of arterial blood sam-
ples anaerobically from the arteria auricularis, as
described in a previous study (Yildiz and Ok, 2017).
Arterial blood pH, PaO,, PaCO,, SatO,, lactate and
base excess (BE) were analysed within 15 min at 0,
24,48 and 72 h using a blood gas analyser (GEM Pre-
mier 3000, Instrumentation Laboratory, Lexington).
The 0 h represents the time just before the initiation of
the treatment and immediately after the collection of
blood sample the nebulized drugs were administered
over a course of 5-20 min depending on the combina-
tion of the drugs.

Standard treatment and oxygen therapy protocol
for premature calves

Standard treatment, including oxygen therapy,
supportive treatment and clinical care, was provided
to each calf in all groups. Supportive treatment and
clinical care protocols are described by Yildiz and Ok
(2017) and oxygen therapy via mask by Bleul et al.
(2008).

JHELLENIC VET MED SOC 2020, 71(1)
TTEKE 2020, 71(1)



M. OK. R. YILDIZ, B. TRAS, N. BASPINAR, A. AKAR

2013

Nebulizer treatment protocol for premature
calves

While calves in the D2 to D6 received nebulizer
drugs for 5 min, calves in the control group received
only 2.5 mL saline solution (every 12 h for 72 h) for 5
min via a nebulizer machine (NebuTech, GmbH, Ger-
many). The nebulizer drug combinations were admin-
istered as follows: D2: FP; D3: FP + FM; D4: FP + IB;
D5: FP + FS and D6: FP + FM + IB + FS.

Brand names of the drugs and dosages enrolled in
the study as follows; FM (VENTOFOR, Liconsa A.S,
Spania), 15 ng totally, BID, 3 days; IB (ATROVENt,
Boehringer Ingelheim, Istanbul, Turkey), 2 png / kg,
BID, 3 days, FS (DIURIL, Vetas, istanbul, Turkey), 1
mg/kg, BID, 3 days, FP (FLIXOTIDE, GlaxoSmith-
Kline, Australia), 15 pg/kg, BID, 3 days. Each drugs
were diluted with 2.5 mL saline solution and were ad-
ministered for 5 min using a nebulizer machine (Fig 1).

Figure 1. Nebulized drug admistration to premature calves.

Statistical analysis

Normality of data was assessed with the Kolm-
ogorov-Smirnov test. To evaluate differences in re-
sults among the groups One-way ANOVA (Duncan’s
posthoc multiple comparison test) were used and the
Kruskal-Wallis test was used with non-normally dis-
tributed data. The level of significance was set at P
< 0.05. Data were analysed with a statistical softwa-
re package (IBM SPSS, version 14.01 for Windows,
SPSS Inc, Chicago).

RESULTS

In this study, 88.8% of premature calves with RDS
(32/36) responded well to the therapy. Out of the 32
calved that survived, 28 belonged to the nebulized
treatment groups (D2 to D6). Four premature calves
with RDS died (D1, n=2; D4, n=1 and D6, n=1).

Generally, the symptoms observed during the clini-
cal examination of premature calves were: apnea or
tachypnea, abdominal lift, weakness, cyanosis, hypo-
thermia, wheezing and grunting sounds, lack or ab-
sence of sucking reflex, depression and increased cap-
illary refill time . Symptoms such as tachycardia due
to bronchodilator applications and hyperglycaemia
due to corticosteroids were not observed. There were
no differences in gestational age and admitted time to
clinic after birth among the experimental groups. All
data are presented as mean and standard error of the
mean (mean = SEM).

Blood gas findings
The parameters of arterial blood gas in premature
calves with RDS are presented in Table 1.

In D2 to D6, there are marked increases in val-
ues including pH, pO,, SatO, and decreases in pCO,
and lactate levels. These values with their significance
was presented separately in our group results.

Group D1: No significant differences were ob-
served in blood gas parameters during the treatment.
The gestational age at birth was 246 + 3.79 days and
admitted time to clinic after birth was 7.33 £ 1.45 h
of the group.

Group D2: Significant increases was seen in val-
ues of blood pH, BE and SatO, at 24, 48 and 72 h
during the treatment. Additionally, a decrease in lac-
tate and PaCO, were obtained at 24, 48 and 72 h in
this group (Table 1). The birth age was mean 248 +
3.39 day and admitted time to clinic after birth was
mean 7.17 £ 1.19 hour of the group.

Group D3: A significant (P < 0.05) increase in the
blood pH, BE and SatO, values was obtained at the
24, 48 and 72 h of the treatment. A decrease in lactate
and PaCO, value at 24, 48 and 72 h was also seen in
these calves. A significant (P < 0.05) increase in PaO,
value at 24, 48 and 72 h was found (Table 1). The
birth age was mean 247 = 3.93 day and admitted time
to clinic after birth was mean 5.83 & 1.16 hour of the

group.

Group D4: A significant (P < 0.05) increase in
blood pH, PaO, and SatO, values with a decrease in
lactate and PaCO, values was seen in the calves at 24,
48, and 72 h of treatment. The birth age was mean 243
+ 2.70 day and admitted time to clinic after birth was
mean 6.67 £ 1.26 hour of the group.

Group DS5: A significant (P < 0.05) increase in
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blood pH, BE and SatO, values during 24, 48 and 72
h of the treatment was seen. In addition, a decrease in
lactate values during 48 and 72 h and PaCO, values
at the 72 h was found in this group. No significant
difference was observed in PaO, value of premature
calves with RDS (Table 1). The birth age was mean
244 + 3.52 day and admitted time to clinic after birth
was mean 6.33 £ 1.45 hour of the group.

Group D6: A significant (P < 0.05) increase in

blood pH, BE and SatO, values during the 24, 48 and
72 h and while there were no significant difference
between 0 h and 24 h, a significant increase in PaO,
value between the 24, 48 and 72 h was seen in this
group. A decrease in lactate value during the 48 and
72 h and PaCO, value during the 24, 48 and 72 h were
seen in this group (Table 1). The birth age was mean
246 + 4.16 day and admitted time to clinic after birth
was mean 5.83 £ 1.92 hour of the group.

Table 1. Arterial blood gas values in the all premature calves with RDS in the present study (Mean+SEM)

Parameters Groups 0. hour 24. hour 48. hour 72. hour
D1 7.11+0.11° 7.26+0.09°3 7.31+0.10° 7.38+0.12°
D2 7.29+0.04° 7.45+0.0324 7.47+0.04° 7.47+0.02¢
H D3 7.31£0.02° 7.44+0.02%4 7.46+0.01° 7.48+0.01%
P D4 7.24+0.08° 7.44+0.0284 7.47+0.03° 7.47+0.01¢
D5 7.09+0.1° 7.41+0.03%4 7.43+0.03? 7.48+0.02°
D6 7.30+0.04¢ 7.41+0.01% 7.46+0.01 7.50£0.01¢
D1 61.6+£7.48 55.3+8.294 53.8+6.58* 50.6+7.77
D2 54.3+£5.38¢ 39.3+1.61%8 39.0+3.86 42.342.74°
PaCO, D3 50.6+3.9? 42.1+£2.23% 39.0+1.93% 39.8+1.62°
mmHg D4 57.3+£6.98¢ 44.0£2.34b"B 42.2+]1.83% 42.442.77°
D5 58.1+£7.35° 45.6+3.01A8 46.0+3.06™A8 42.1£3.15°
D6 49.14+0.79° 41.5+1.52° 39.0+1.95 37.8+0.80P
D1 33.5+£5.14 36.3+5.67 39.6£7.2 43.54+7.328
D2 37.6+4.62 50.6+4.93 52.8+5.06 50.34+4.7248
PaO, D3 36.3£1.91¢ 45.5+4.01° 54.5+£3.06° 55.3+1.76%48
mmHg D4 33.844.16° 46.8+5.9% 45.8+£7.08% 56.6+5.26%8
D5 38.0+£5.67 39.8+6.11 43.3+5.71 48.5+5.5748
D6 36.5+3.84¢ 44.0+£2.91¢ 55.4+2.38° 60.2+3.17%4
D1 -9.75+4.628 -3.30+4.338 0.27+4.88 4.10+6.04
D2 -1.48+1.41b48 3.40+1.474 4.13£1.522 6.95+1.19¢
BE D3 -1.2+1.22048 4.20+1.53%4 4.18+0.96* 6.07+£1.91°
D4 5.52+£2.50* 5.17£1.124 6.52+1.84 6.70=1.98
D5 -5.4+3.92%8 3.40+1.414 5.18+2.21° 6.75£1.77*
D6 -3.642.33%8 1.18+0.61°AB 3.88+1.44° 5.90+1.33¢
D1 41.3£11.7 54.0+11.88 60.1+13.648 69.1£12.58
D2 61.3£10.4 83.5+6.45* 84.8+6.64" 85.0+4.6348
Sato2 % D3 62.6+3.28° 83.0+£5.01 89.1+1.62%4 90.5+0.724
D4 52.3£10.2° 80.1+4.77%4 78.0+8.79A8 89.8+£2.0334
D5 38.0+13.1° 68.1+7.89348 75.1+5.638 83.54+4.16%8
D6 59.0+£7.47° 76.0+5.54%48 89.8+1.16%4 90.2+1.56%
D1 7.95+2.5548 5.65+£1.96"8 4.88+2.08 4.03+2.23
D2 3.67+0.478 1.55+0.41%¢ 1.30+0.31° 0.75+0.07°
Lactate D3 4.23+0.6148 1.47+0.10°¢ 1.18+0.28° 0.78+0.10°
mmol/L D4 5.72+0.89A8 2.8240.46C 1.44+0.19% 0.92+0.15°
D5 8.94+2.27%4 4.08+£1.19%A8C 3.48+2.03° 2.58+1.16°
D6 7.95+1.078 6.38+1.32% 2.94+0.79° 2.62+1.05°

Different letters in the same row (a, b), in the same column (A, B) are statistically significant (P < 0,05), pH:
concentration of hydrogen ions, PaCO,: partial pressure of arterial carbon dioxide, PaO, partial pressure of arterial
oxygen, SatO,%: oxygen saturation, SEM: Standart error of mean.
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pH: The pH value was significantly (P < 0.05) in-
creased in all groups at 24 h. However, on compar-
ing with D1, it was found that the nebulizer groups
showed a statistically higher (P < 0.05) pH value at
the 24 h. Yet, no statistical difference was observed
between the nebulizer groups (Table 1).

PaCO,: The values of PaCO, showed a statistical
decrease (P < 0.05) at 24 and 48 h in D3, D4 and D6
groups as compared to D1 group. D6 group showed
the lowest mean value of PaCO, amongst all groups
at the end of the treatment. However, no statistical dif-
ference was observed between the nebulizer groups
(Table 1).

Pa0,: On comparing D1 with nebulizer treatment
groups, it was seen that all the nebulizer treatment
groups except D6 did not show any statistical differ-
ences at the 72 h. D6 showed the highest value (P <
0.05) of PaO, amongst all groups at 72 h (Table 1).
Yet, no statistical difference was seen amongst the
nebulizer groups (Table 1).

BE: On comparing D1 group with nebulizer treat-
ment groups, D2, D3, D4 and D5 showed statistical
differences (P < 0.05) at the 24 h. But no statistical
difference was determined amongst the nebulizer
groups (Table 1).

SatO,: On comparing D1 group with nebulizer
treatment groups, statistical differences (P < 0.05)
were seen in D2, D3, D4 at the 24 h, in D2, D3, D6 at
the 48 h, and in D3, D4, D6 at the 72 h. However, no
statistical difference was observed amongst the nebu-
lizer groups (Table 1).

Lactate: On comparing D1 group with nebulizer
treatment groups, a statistically significant difference
was observed in lactate value at 24 h in D2, D3 and
D6. Though there was no statistical difference be-
tween the groups at the end of the treatment, the high-
est mean value of lactate was found in D1 (Table 1).

Amongst the calves that did not survive, high
values of lactate (> 8.5 mmol/L) and PaCO, (> 75
mmHg) and low levels of PaO, (< 40 mmHg) and
SatO, (< 52%) were observed before death. The clin-
ical symptoms of the non-survive premature calves
were continuous abdominal respiration, high RR (>
70/min), absence of sucking reflex, abdominal disten-
sion related with feeding and low body temperature
(34-36.5 °C). Parameters used for monitoring and
clinical observations, including rectal temperature re-
spiratory rate and peripheral oxygen saturation (SpO,)
are presented in Table 2.

Table 2. Monitoring and clinical parameters of the premature calves with RDS in the present study (Mean+=SEM)

Paramaters Groups 0. hour 24. hour 48. hour 72. hour
D1 35.540.75%8 38.3+0.4148 38.3+0.34248 38.4+0.20°
D2 36.1+1.01%48 38.3+0.1448 38.6+0.358 38.7+0.23¢
Temperature (°C) D3 37.7+0.50% 38.7+0.214 38.5+0.16%8 38.3+0.25
D4 36.0+1.32° 38.0+0.30048 38.8+0.20% 38.7+0.30°
D5 34.6+1.03% 37.6+0.42:48 38.140.14248 38.6+0.29°
D6 36.2+(.78%8 37.440.62%8 38.0+0.15% 38.5+0.15°
D1 51.3+9.22 64.6+13.8 58.3+13.6 56.0£14.9
D2 47.5£10.3 58.8+12.3 65.6£15.3 35.0+5.26
Respiratory rate D3 49.6+6.4 45.249.33 44.8+4.59 37.2+£2.58
(minute) D4 54.3+7.51 52.3+7.47 44.4+7.55 37.5+5.66
D5 49.8+6.73 58.0+13.2 50.3+7.23 35.0+5.99
D6 68.0+8.10° 49.5+7.51° 44.0+£7.23° 36.0+4.47°
D1 74.0+6.87° 85.0£5.97® 89.5+4.97:bAB 87.5+1.76*
D2 79.4+8.40 91.6+2.48 95.3+1.76* 95.5+1.44
SpO. (%) D3 83.1+3.15° 92.6+1.15° 94.8+0.83 93.5+0.99°
2 D4 75.14+4.19° 85.3£2.85° 88.8+0.86"F 90.6+3.11°
D5 70.5+4.92° 85.8+4.16* 84.3+3.49% 90.3+3.120
D6 83.5+3.38 87.5+1.54 88.8+1.5948 90.8+3.26

Different letters in the same row (a, b), in the same column (A, B) are statistically significant (P < 0,05), SpO, (%):

Peripheral oxygen saturation, SEM: Standart error of mean.
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DISCUSSION

Although numerous medical treatment strategies
in human medicine, such as antenatal steroids, sur-
factant replacement, nitric oxide administration, and
mechanic ventilation strategies (Sahni and Phelps,
2011), there has been no shown economically useful
intervention to treat the RDS of premature calves, ex-
cept for a study (Yildiz and Ok, 2017) to date.

A reliable method for the evaluation of pulmonary
function (Bleul et al., 2007) is to determine arterial
blood pCO, and pO,. PaO, of less than 60 mmHg is
considered to be indicative of RDS in infants (Verder
et al., 1999). In healthy calves after birth, PaO, lev-
els were showed to vary between 47 to 58 mmHg. In
the calves with RDS one after birth, PaO, levels were
found to change between 29 + 12 and 38 + 8.8 (Bleul,
2009). Yildiz and Ok (2017) reported that the mean
value of PaO, levels in the premature calves with RDS
at admitted to the clinic was found to be between 28 +
3.5 and 36 + 5.4 mmHg. In present study, the value of
Pa0, at 0 h was found to be between 33 + 5.1 and 38 &
5.6 mmHg (Table 1) and these animals posed difficul-
ty in respiration (Table 2), which can be considered
pathognomonic for all treatment groups. The mean
value of PaO, was observed to be above 50 mmHg at
the 72 h in all nebulizer groups, except D5. In addition,
the mean respiratory rate reverted back to the normal
level (<45 RR/min) in the nebulizer treatment groups
(Table 2). The mean value of PaO, in D6 increased to
mean 60 + 3.1 mmHg, and that of RR/min decreased
to 36 = 4.4 at the 72 h (Table 1-2). However, only the
mean value of PaO, in D6 reached above the specified
critical value (60 mmHg) (Bleul, 2009). This is indi-
cating that nebulized treatment has a positive effect in
pulmonary function. The level of PaO, in D1 at the 72
h was found to be 43.5 = 7.32 mmHg (Table 1), while
the mean respiratory rate continued to be 56 RR/min
(Table 2). The level of PaO, below 45 mmHyg is likely
to be pathognomonic for RDS with significant clini-
cal signs such as high respiratory rate (> 45 RR/min)
(Bleul, 2009; Yildiz and Ok, 2017). Oxygen therapy
is recommended for use in any newborn where SatO,
is less than 90% or PaQ, is less than 60 mmHg. The
low levels of arterial SatO, (50.6 = 7.7) in D1 indicate
that the treatment without nebulized drugs may be in-
sufficient to raise the level of SatO, up to the recom-
mended values (Palmer, 2005; Yildiz and Ok, 2017).
On the other hand, a combination of inhaler FP along
with FM, IB and FS in addition to the standard treat-
ment increases the value of SatO, adequately to the

recommended levels (Palmer, 2005; Yildiz and Ok,
2017) in premature calves with RDS. Inefficient vital
capacity of premature calves impairs the elimination
of carbon dioxide from lungs, increasing its level in
blood resulting in respiratory acidosis (Bleul et al.,
2007) and the increase in the level of PaCO, above 45
mmHg indicates to RDS (Bleul et al., 2008). Yildiz
and Ok (2017) reported that the levels of PaCO, (50
to 74 mmHg) in premature calves with RDS signifi-
cantly decreased by the inhaler therapy. In our study,
the levels of PaCO, were determined that higher than
49 mmHg in all premature groups at 0 h (Table 1).
The PaCO, values decreased in all groups during the
treatment period (Table 1). The results of this study
are consistent with the previous studies (Bleul et al.,
2007; Yildiz and Ok, 2017). The studies (Bleul, 2009;
Giizelbektes et al., 2012; Yildiz and Ok, 2017) sug-
gested that blood pCO2 and lactate levels are import-
ant biomarkers for the detection of tissue hypoxia in
premature calves. The concentration of plasma lactate
greater than 4 mmol/L is a predictor for death within
24 h in cattle with pneumonia (Coghe et al., 2000). In
a study with premature calves (Yildiz and Ok, 2017)
has been reported that the mean lactate levels before
the treatment were between 3.9 and 8.4 mmol/L and
they also reported that in premature calves which
were treated with nebulized drug combination with
oxygen decreased the lactate to the normal level (< 2
mmol/L) however, in the premature calves that were
treated only with oxygen therapy, the mean lactate
level did not fall below the critical level (4 mmol/L).
In the present study, mean lactate concentration at 0 h
ranged between 3.67 and 7.95 mmol/L for all groups
(Table 1). A significant (P < 0.05) decrease in the
blood lactate levels below the critical value was seen
at the 72 h in the nebulizer treatment groups (Table
1). However, the lactate levels of premature calves
who did not receive nebulized treatment (D1 group)
showed no significant decrease during the course of
the treatment and did not fall below the critical level
even at the 72 h (Table 1). Yildiz and Ok (2017) re-
ported that high lactate (> 10 mmol/l) and PaCO, (>
74 mmHg) levels may be an indicator for high risk
of death in premature calves with RDS. And also, in
premature calves with RDS, Yildiz et al. (2017) re-
ported that the cut-off values for lactate and pCO,
were 7.5 mmol/L and 63.5 mmHg, respectively and
positive correlation was found between mortality and
increasing lactate and pCO, levels. In this study, pre-
mature calves which have lactate level higher than
8.5 mmol/L were non-survived like previous studies
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(Yildiz et al., 2017; Yildiz and Ok, 2017). Premature
calves had high CO, and low base excess levels along
with decreased pH at admission to hospital (Yildiz et
al., 2017). Yildiz and Ok (2017) found that the pH
values of arterial blood in premature calves that re-
ceived nebulized treatment were within the normal
range (7.35-7.45) at the 72 h of the study except in
those premature calves who did not receive nebulized
treatment (pH < 7.35). In D1, the pH value remained
below normal, possibly due to the continued CO, re-
tention in blood (Bleul et al., 2007), since the mean
value of PaCO, was found to be more than 50 mmHg
at the 24 and 48 h of the treatment (Table 1).

The findings of this study show that nebulized
therapy is beneficial for pulmonary functions in pre-
mature calves. These effects were most likely associ-
ated with nebulized FP combination with FM, IB, and
FS. FP is known to reduce the release of inflammatory
mediators in the lungs resulting from anoxic condi-
tions (Robinson et al., 2009). FM and IB, the inhaled
bronchodilators, have been reported to be effective
in improving lung function and decreasing the respi-
ratory symptoms (Duvivier et al., 1999; Chhabra et
al., 2006) and also preventing neutrophilic infiltration

and pulmonary oedema (Zhang et al., 2010). Inhaler
diuretics like furosemide improve pulmonary compli-
ance (Broadstone et al., 1991).

CONCLUSIONS

In conclusion, despite numerous medical advanc-
es, no single intervention will prevent or treat the
RDS of premature calves. The use of nebulized drugs
provides short-term improvement in lung mechanics,
still these results do not support to use of these drugs
instead of surfactant. But the drug combinations can
be used in veterinary practice due to their ease of ap-
plicability and low cost for to reduce the serious dam-
age due to the RDS in the first few days. The thera-
peutic effect of nebulized FP combination along with
FM, IB, and FS on pulmonary function is a promising
treatment for premature calves with RDS.
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INTRODUCTION

any factors affect livestock production and pro-

ductivity. The economic performance of dairy
activity is directly related to the reproductive rates
of the herd (Lamy et al., 2012). Neospora caninum
is considered one of the major causes of repeated
abortions in livestock. Neosporosis is a parasitic dis-
ease caused by N. caninum, a cyst-forming coccid-
ian species and an obligate intracellular parasite. V.
caninum is considered one of the major causes of
repeated abortions, foetal malformations, pre-term
deliveries, stillbirth and possible loss of milk yield
in livestock, thus generating severe economic losses
(Bartova et al., 2015; Dubey and Lindsay, 1996; 1-5).
Dogs were the first discovered definitive hosts of this
parasite. Other natural definitive hosts are coyotes,
dingo and grey wolves (Dubey and Schares, 2011-
12). The transmission of parasite is both vertical and
horizontal. But the vertical transmission is more fre-
quent than the horizontal. Cows may remain infect-
ed with N. caninum for their whole life and transmit
the infeciton over several generations (Davison et al.,
1999-31). The pregnant cow may show no outward
signs but when the parasite passes to the unborn calf it
can cause abortion. And also come calves survive the
gestation period and born neurological signs or still
born, others may look healthy but are infected with
the parasite.

Serological prevalences of N. caninum in cattle
worldwide have been reported by Dubey and Scha-
res, 2011-12. In Europe, seroprevalence of N. cani-
num were detected 1%, in Germany, 15.2% in Greece,
0.7% in Norway, 55.9% in Romania, 22.5% in Spain,
20.1% in Slovakia, 2.8% in Sweden, 10.77% in Tur-
key and 12.9% in the United Kingdom (Dubey and
Schares, 2011-12). During the 16 year period 2000-
2016, several studies focusing on the detection of
N. caninum antibodies in dogs and cattle in Turkey
(Bryikoglu et al., 2003; Vural et al., 2006; Ocal et al.,
2014; Adanir et al., 2015; Karatepe and Karatepe,
2016).

The aim of the present study was to determine the

positivity to N. caninum and the influence of the in-
feciton on the occurrence of abortions and mothers of
calves with neurological signs in dairy farm in Bursa
in Turkey.

MATERIALS AND METHODS

Cattle of various ages, breeding systems and lo-
calities in Bursa, Turkey. Bursa is located near the
Sea of Marmara, right opposite of Istanbul and in
the Cities place category with the gps coordinates of
40° 117 35.8728” N and 29° 4’ 27.1272” E. Blood
samples were collected from 186 adult dairy cows
(Holstein), aged 3-5 years in Bursa province, located
in northwestern Turkey. Blood samples were collect-
ed through vein puncture from each animalin tubes
without anticoagulant, and to obtain the serum, blood
samples were centrifuged. The serum samples were
stored at -20°C until analysis. N. caninum antibodies
were measured using an indirect enzyme-linked im-
munosorbent assay (ELISA) (The Svanovir Neospo-
ra-Ab ELISA). Abort and embryonic death records of
positive animals were examined retrospectively.

RESULTS

From the total sample, antibodies to N. caninum
were detected in 62 of the 184 examined cows (33.3%,
95% CI 17.2%-49.4%). Retrospective records of 62
animals with positive titration of N. caninum were ex-
amined (table 1,2). In the clinical course of the calf
with neurological signs, it was observed that the suc-
tion reflex was strong and there was a spastic paraly-
sis in the hind legs starting from the pelvic muscles. In
the hind limbs, there was a hyperextension which was
not corrected by hand and the head was slightly tilted
to the left and there were tremors. No pathology was
found in the general clinical course of its mother. As a
result of clinical and serological findings, congenital
neosporosis was diagnosed in the calf. The calf died
as aresult of progressive paralysis within 13 days. The
operational veterinarian was asked to send the brain,
lung and heart tissues from the necropsy for histo-
pathological evaluation. However, histopathological
evaluation was not performed due to deterioration.

Table 1: Result of 2nd and 3rd pregnancies of 49* dairy cattle which developed abortion or early embryonic death at the 1st pregnancies

A B C Total number of dairy cattle
Ist pregnancy 25 24 13 62
2nd pregnancy 5 6 38 49*
3. pregnancy 0 2 47 49*

A: Number of early embryonic death B: Number of abortions formed in 4-6 months of pregnancy C: Number of normal

pregnancy
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Table 2: Results of 2nd, 3rd and 4th pregnancy of 13* cows with no problems in first pregnancy

A B C Total number of dairy cattle
1st pregnancy 25 24 13* 62
2nd pregnancy 3 3 7 13*
3rd pregnancy 0 4 3 ko
4th pregnancy 0 2 SHHH TH*

A: Number of early embryonic death B: Number of abortions formed in 4-6 months of pregnancy C: Number of normal

pregnancy D: Number of calves with neurological signs

**Number of cattle with no problems in 1st and 2nd pregnancy
***Neurological findings were found in the calf of one of the cows

DISCUSSION

Neosporosis has aroused an immense interest
mainly due to repeated abortions in cows and a neg-
ative effect on their breeding economy. The majori-
ty of N. caninum infections appear to have a chron-
ic course, probably causing life-long persistence of
the parasite in tissues of infected animals (Dubey,
1996; Ricardo Vilas Boas, 2015). Abortion, occur-
ring during the middle of gestation, is the primary
clinical sign of the infection in cattle. There was a
significant association between seropositivity for N.
caninum and occurrences of abortions among dairy
cows, thus reinforcing the role of N. caninum as a ma-
jor cause of reproductive disorders (Dubey et al 2006;
bruhn, 2013; ghalmi, 2012). It is important to note
that the reproductive problems described on 36 farms
(57.14%) were occurrences of abortions, while on
26 (41,26%), they consisted of birth of weak calves,
among which some evolving to death. Abortion is the
main clinical manifestation of bovine neosporosis in
dairy cattle, and depending on the stage of pregnancy,
this can lead to abortion or the birth of a healthy but
chronically infected calf. Most abortions occur in the
early second trimester, but they may ocur throughout
gestation (Dubey et al., 2006). Bursa province, where
the study is conducted, is important for dairy cattle
farms. Therefore, abortions are economically import-
ant. In this study, serological screening confirmed the
influence of N. caninumon the occurence of abortions
in selected dairy herd and abortion were occured be-
tween 5th and 8th months of gestation.

Transplacental transmission during pregnancy
can occur in pregnant cows infected with N. cani-
num. Congenitally infected fetus birth or abortion is
closely related to the immunity of pregnant cow, pla-
centa and fetus (Klauck et al., 2016). Some studies
regarding neosporosis have shown that fetal infection
decreases with the rise of the number of gestations,
and consequently with the animal’s age, mainly be-

cause animals acquire immunity against the parasite,
so, the animals may not show high levels of antibody
against N. caninum. This may be thought to be related
to increased immunity (Romero et al., 2002; Dijks-
tra et al., 2003; Williams et al., 2009). Abort is the
most common site reflection. However, congenitally
infected calves with low calving syndrome have low
chance of survival and may have neural pathological
clinical implications. Sometimes, as a result of con-
genital encephalomyelitis, calves with paresis and
dysphoria may occur in the hind legs and neurological
reflections may occur after weeks of birth (Dubey and
Schares, 2011;Klauck et al., 2016). In this study, there
was a calf with neurological signs. Our results were
parellel to the other studies andsuggest that abortion
and / or early embryonic deaths in animals infected
with N. caninum are much higher in heifers, and that
subsequent pregnancies may end up in some infected
animals normally.

During the past decade, N. caninum infection has
emerged as an important reproductive disease in cat-
tle throughout the world. Surveys in several countries
from three continents have identified N. caninum in-
fection as the major diagnosed cause of bovine abor-
tion (anderson et al). In Europe, antibodies against V.
caninum have been detected in 2.8-60 % cattle. There
are considerable differences among countries, with-
in countries, and between regions, with the highest
in Turkey- 60 % (Kul et al.,2009) and the lowest in
Sweden- 2.8% (Loobuyck et al.,2009). In Turkey, Ak-
tas M et al (2005) found that out of 513 cattle in the
Eastern Anatolia Region, 36 (7.01 %) were found to
be seropositive by cELISA. In another study, in the
Marmara Region, rate of seropositivity was detected
to be 8,4% (32/366) (Oncel et al.,2003; Biyikoglu et
al.,2003). In the present study, N. caninum antibod-
ies were found in 33.3% cows post-abortion in the
Marmara Region, Bursa province. This solution was
showed that N. caninum infection is one of the major
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causes of repeated abortions 1n Turkey. The results of
the above studies carried out in different regions of
Turkey is in line with this results (Vural et al., 2006;
Kaya et al., 2011; Celik et al., 2013; Ocal et al., 2014;
Karatepe and Karatepe, 2016).

CONCLUSION

In conclusion, both results obtained in this study
and the other results in Turkey, as in many countries
in Europe have also revealed the presence of serolog-

ically N. caninum in cattle in Turkey. The risk of M.
caninum seems to be important for dairy cows with
cases of abortion and prevention should be increased
by checked N. caninum regularly in the future stud-
ies. In addition, more detailed research on the patho-
genesis and consequences of vertical transmission is
required.
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ABSTRACT. Lactococcosis is one of the main bacterial infections of fish around the world. Lactococcus garvieae
has been a major cause of rainbow trout losses in freshwater farming. This study aimed to genotype and determine the
variability of L. garvieae isolated from infected farmed rainbow trout in Iran by the RAPD-PCR method. Bacterial
samples were collected from 12 farms located in the western part of Iran and suspected to carry Lactococcus infection.
Two hundred bacterial cultures containing cocci shaped bacteria were cultured in Trypticase soy agar (TSA) and blood
agar mediums. All bacterial cultures were tested by conventional microbiological and biochemical tests, and PCR
assay to identify L. garvieae by 16S rDNA genes. The RAPD-PCR method was used to determine the genetic pattern
of all isolates. The sample strain pattern of the isolates was analyzed in the NTSYS program. According to a similarity
coefficient index of 70%, all L. garvieae isolates were separated into two groups with four RAPD profile types. The
highest and the lowest genetic pairwise similarity among the isolates were 98% and 54%, respectively. The results of
the present study revealed that RAPD-PCR is an applicable method to describe the genetic diversity of different strains
of L .garvieae among farmed fish.
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INTRODUCTION
Lactococcus garvieae is a causative agent of lac-
tococcosis that affects different types of fish and
crustaceans in freshwater and marine cultures around
the world (Vendrell et al., 2006). This pathogen was
first isolated from some saltwater fish species in Japan
that was initially called Enterococcus seriolicida (Ku-
suda et al., 1991). Evidence shows that the outbreak
of lactococcosis increases with rising water tempera-
tures from about 18 °C and could be controlled when
the temperature drops to 13°C (Gibello et al., 2016).
In addition to fish and other animals (Villani et al.,
2001), some infections associated with L. garvie-
ae have also been reported in humans (Elliot et al.,
1991; Li et al., 2008; Chan et al., 2011). The handling
and eating of raw fish are important routes leading
to human infections and have resulted in extending
the zoonotic status of the pathogen (Gibello et al.,
2016). This bacterium is also considered an emerging
pathogen in both veterinary and human medicine
(Meyburgh, 2017). L. garvieae can be identified by
several laboratory methods from conventional micro-
biological tests to different kinds of molecular tests
such as PCR, pulsed-field gel electrophoresis, ribo-
typing, random amplified polymorphic DNA (RAPD)
PCR, sau-PCR and amplified fragment length poly-
morphism methods (Altun et al., 2013). The multilo-
cus sequence typing test (MLST) has also been used
to improve knowledge of the evolutionary history and
the genomic complexity of L. garvieae (Ferrario et
al., 2013). In epidemiological studies of lactococco-
sis outbreaks, the RAPD-PCR method can be carried
out as a potential test for identifying genetic variation
of the causative agent. It is made applicable by using
a single optional primer in a PCR reaction, resulting
in the amplification of many discrete DNA products
(Altun et al., 2013; Ravelo et al., 2003). L. garvieae
strains are divided into three epidemiological groups
according to genotypic variations determined by
RAPD-DNA technique (Ravelo et al., 2003).

Lactococcosis is known as a significant infectious
disease of farmed fish all over the world. In recent
years, it has been one of the main causes of economic
losses among rainbow trout farms in Iran. The first
outbreak of Streptococcosis was reported in 2005
(Soltani et al., 2005) and then other researchers stud-
ied different subjects relating to the isolation, iden-
tification, pathogenicity and molecular evaluation of
some streptococcal agents (Sharifiyazdi et al., 2010;
Soltani et al., 2008; Fadaeifard et al., 2012). The aim
of the present study was genotyping of forty-three L.

garvieae isolates obtained from rainbow trout farms
in Iran. In this study, the RAPD-PCR method was
used to determine genetic variability and relationship
among isolates from different geographic areas of this
country.

MATERIALS AND METHODS

Sampling and bacterial isolation

Samples were obtained from 12 rainbow trout
farms of Iran during 2016-2018. These farms are
located in the western part of this country (Fig 1).
They had been chosen based on primary evaluations
of suspected fish to clinical signs of Streptococcosis/
Lactococcosis disease. Samples were obtained by the
stratified cluster sampling method. The target farms
were chosen from four high trout-producing regions
in Iran. In each region, three farms and from each
farm five specimens were randomly collected. The
study was done according to the research project with
the approval certificate number of EC/0181. Sterile
swabs were obtained from the kidney, spleen, and liv-
er of each fish inoculated aseptically on blood agar
(with 5% sheep red blood cells) and Trypticase soy
agar (TSA, Merck) media and subsequently incubated
aerobically at 22°C for 24 to 48 hours. Gram stain and
cellular morphologies were examined at 1000x. All
gram-positive cocci shaped colonies were chosen for
further tests.
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Figure 1. Location and geographical distribution of rainbow trout
farms sampled in Iran

Phenotypic and biochemical characterization

An overnight culture of the pure colony was sub-
jected to the morphological, physiological and bio-
chemical tests recommended by Austin & Austin
(2012) which are described in Table 1. The condition
of bacterial growth was determined in the four dif-
ferent ranges of temperatures (15°C, 20°C, 37°C, and
40°C) and pH (5-9.5) by culturing in nutrient broth
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(NB). The hemolytic reaction of the isolates was
examined on nutrient agar containing 5% sheep red
blood cells. Acid production was checked by the car-
bohydrate fermentation procedure using the inocula-
tion of the isolates into nutrient broth containing the
respective carbohydrates such as glucose, lactose, and
sucrose.

Molecular diagnosis

The isolates were studied using the PCR method
as a molecular diagnostic test. Genomic DNA was
extracted from pure colonies in the TSB using a ge-
nomic DNA purification kit (Fermentas, Lithuania)
according to the manufacturer’s instructions. PCR re-
action was performed with L. garvieae specific prim-
er pairs (pLG-1:5-CATAACAATGAGAATCGC-3")
and (pLG-2: 5- GCACCCTCGCGGGTTG-3") for
genetic confirmation of isolates as described by Zlo-
tkin et al. (1998). All isolates were identified with an
amplification product of 1100 bp. The PCR assay was
carried out in a total volume of 25 pl reaction mix-
ture containing 2 pl of template DNA, with a 1 uM
of each primer, 2 mM MgCl,, 200 uM of each dNTP,
1 U of Taq DNA polymerase (Fermentas, Lithuania),
and 2.5 pl of PCR buffer 10X. The amplification was
performed in a thermal cycler (Flex Cycler, Germany)
with an initial denaturation step at 94°C for 3 min, 35
cycles of a denaturation step at 94°C for 60s, primer
annealing at 55°C for 60s and extension at 72°C for
90s. The final extension was performed in 10 min at
72°C. L. garvieae strain (CB10, Iranian strain) isolat-
ed from clinical samples of lactococcosis in Iran (Sol-
tani et al., 2008) was chosen as a positive control and
Streptococcus iniae (ATCC 29178) was used as the
negative control. The PCR products were detected by
running the amplification mixture in 2% agarose gel
with 1X Tris-acetate-EDTA buffer and stained with

ethidium bromide (0.5ug ml ) after the run.

Genotyping by the RAPD method

The RAPD-PCR test was used to identify genetic
variation in 43 L. garvieae isolates which had already
been confirmed by the PCR test. Amplification reac-
tions were carried out in a 50 ul volume of 50mM
KCl, 10 mM Tris- HCI (pH:8.3), 3 mM MgCl,, 250
uM each ANTP, 1.5mM of primers, 4 units Taq poly-
merase enzyme and a 3 pl template DNA. In this re-
action, M13 primer (5’-GAGGGTGGCGGTTCT-3’)
was used and the program was performed as previ-
ously described by Altun ef al. (2013). The amplifica-
tion program was run on initial denaturation at 94°C

for 2 min, 35 cycles of denaturation at 94°C for 1 min,
annealing at 43°C for 40s and extension at 72°C for 2
min, followed by a final extension at 72°C for 7 min.
The amplified product was run on a 1.5% agarose gel
electrophoresis.

Data analysis

The RAPD test was performed three times on
each isolate to ensure the accuracy of the results. Af-
ter determining PCR products on the gel, they were
sorted into: without any DNA (0) and with DNA (1).
Thereafter they were analyzed with numerical tax-
onomy and a multivariate analysis system (NTSYS)
software, version 2.2. Jacquard’s similarity coeffi-
cient (JSC), Dice Similarity Coefficient (DSC) and a
simple matching coefficient (SMC) were calculated to
utilize the factors in defining a genetic similarity per-
centage among all isolates.

RESULTS

Physiological and Biochemical tests

Obtained results were compared with the reference
strain of L. garvieae. Results presented in Table.1
showed that many of the isolates were gram-positive
cocci, catalase and oxidase negative, alfa and beta-he-
molytic on blood agar (5% sheep’s blood), non-mo-
tile, grow in a pH range of 5 to 9.5, and a temperature
range of 15-40 °C, O/F positive, show no reaction in
Indole, have no growth in urea and ornithine and have
a fermentative reaction in glucose and lactose. The
listed characteristics are highly similar to those found
in comparable researches.
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Table 1. Morphological and biochemical characteristic of isolated Lactococcus garvieae and comparison with published

data
Present study Austin and Austin, 2012 Soltani et al, 2008
Gram stain Ovoid cocci Ovoid cocci Cocci
Morphology + + +
Hemolysis a/f3 a/f3 a/f3
Catalase - - -
Oxidase - - -
Motility - - -
O/F +/+ +/+ +/+
Indole - ? -
Glucose + + +
Lactose + + +/-
Sucrose ? ? A%
Ornithine - - -
Urea - ? -
Growth at:
pH (5-9.5) + + +
Temperature (15-40°C) + + +

V = variable results, ? = Not defined.

PCR assay

The PCR assay resulted in the amplification of the
1100 bp band (16S rDNA) for all cocci-shaped bacte-
ria which had been previously confirmed by conven-
tional laboratory tests. From 200 samples obtained
from infected rainbow trout, 43 isolates were iden-
tified as L. garvieae. Amplified bands of L. garvieae
isolates are shown in Fig 2.

Figure 2. Amplification products from infected rainbow trout us-
ing PCR assay for the detection of L. garvieae (1,100 bp). Lane
M, 1kb DNA ladder; lane 1, negative control; lane 2, positive con-
trol; lanes 3-7; test samples.

RAPD- PCR test

RAPD- PCR results showed the patterns obtained
in different bands ranging from 220 to 2500 bp in size
(Fig 3). Firstly, they were scored as 0 (with a band)
and 1 (without a band) and then all obtained data were
analyzed by NTSYS software. According to three dif-
ferent coefficients of data (SMC=0.777, DSC= 0.688,
and JSC=0.771), a Simple Match Coefficient at the
value of 77% for the highest rate was used for calcu-
lating a genetic similarity percentage and for drawing
the dendrogram. There was a 100% similarity only
between isolates 35 and 39. The next highest genet-
ic similarity was shown between isolates 41 and 43
(98 %) and the lowest was shown between isolates 1
and 22 (54%). In the dendrogram that was drawn for
43 isolates (Fig 4) with a 71% similarity coefficient,
they were clustered into two groups A and B. Group
A also divided into two subgroups Al (isolate 1) and
A2 (isolate 2). Furthermore, group B was divided into
two subgroups, B1 (including 40 isolates) and B2
(isolate 9). It was found that using the 85% similarity
coefficient, the number of subgroups rose, reaching
20 subgroups. Also, using the 93% similarity coeffi-
cient isolates clustered to 31 subgroups.
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Figure 3. Agarose gel electrophoresis of RAPD-PCR products of Lactococcus garvieae isolates. A (lanes 1-16) that show different
patterns of bands ranging from 220 to 2,500 bp in size, First lane on the left: 100bp DNA ladder and last lane on the right: 1kb DNA
Ladder.
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Figure 4. A dendrogram is drawn by using a Simple Match Algorithm with a Cofting coefficient of 0.777 for forty- three L. garvieae
isolates.
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DISCUSSION

Lactococcus garvieae has been isolated from a
wide range of fish, dairy animals and human samples
(Vendrell et al., 2006; Fortina et al., 2007; Li et al.,
2008). The pathogen has been recently associated
with an increasing number of Lactococcosis infec-
tions in various kinds of fish particularly in farmed
salmonid (Ravelo et al., 2003; Brunt and Austin,
2005). In recent years, it has also been the most sig-
nificant cause of trout losses in Iran. There have been
phenotypic typing and serotyping methods to iden-
tify and characterize the streptococcal isolates, but
molecular assays such as classical ribotyping, PFGE,
RAPD, and DNA sequencing techniques have been
chosen as easy and fast techniques to detect and gen-
otype L. garvieae strains (Magarinos et al., 2000; Al-
tun et al., 2004; Ravelo et al., 2003). Among differ-
ent mentioned methods, RAPD has been introduced
as a reproducible test with a high differentiating rate,
which has proved to be appropriate for the epidemio-
logical analysis of a variety of bacteria, especially fish
pathogens (Welsh et al., 1990; Ravelo et al., 2003;
Foschino et al., 2008).

In the present study, specimens were collected
from clinically infected rainbow trout in different
geographical areas of Iran. Out of 200 isolates which
were obtained from bacteriological tests, 43 isolates
were identified as L. garvieae by PCR test and con-
sequently characterized by RAPD-PCR assay with a
universal M 13 primer. Finally, the simple match coef-
ficient was used to determine the genetic similarity of
all isolates. Except for the 100% similarity observed
between isolates 35 and 39, the lowest and highest
percentages of similarity were found in the range of
54% and 98% among isolates. According to a den-
drogram which has been drawn with a 71% similarity
level, all isolates are placed into two groups A and
B, whereas at an 85% similarity level, the number of
branches has increased to 21 profiles (RAPD-types),
which indicates a high genetic diversity among the
studied isolates. Others have also studied the genetic
characterization of this pathogen obtained from var-
ious sources of fish and animals with those different
results previously being published. Our results dis-
played a close genetic relationship between isolates
included in group B2 and obtained from just two
sampling regions in Iran showing the highest genetic
similarity between isolates in comparison with other
regions. Pathogens can be distributed or transmitted
by asymptomatic carriers or contaminated eggs into
susceptible populations. Contaminated water and

feed and also the presence of some leeches species in
the aquaculture environments could have facilitated
the L. garvieae dissemination (Woo and Bruno, 2011;
Vendrell et al., 2006).

Foschino et al. (2008) used two universal M13 and
PS5 primers for genotyping of 81 L. garvieae strains
from fish and dairy products using the RAPD-PCR
method. M13 and P5 primers have the ability to dif-
ferentiate 52 and 27 genotypes, respectively. All iso-
lates were divided into 5 groups using the 52 RAPD
types. They also showed that L. garvieae strains iso-
lated from dairy samples were generally not related to
those obtained from lactococcosis outbreaks in fish.
The RAPD -PCR assay was used by Ravelo et al.
(2003) to determine the genetic similarity of L. gar-
vieae strains isolated from different geographic areas
of the world. By applying two P5 and P6 primers, iso-
lates were divided into three genogroups according to
an analysis of 90%, 80% and75% similarity among
different profiles. These isolates were isolated from
rainbow trout and yellow-tail. Altun et al (2013)
evaluated RAPD PCR analysis for genotyping 12 L.
garvieae isolates from Turkey, England and, Spain.
After genotyping all isolates using ERIC2 primer,
they were placed in three clusters according to a sim-
ilarity coefficient index of 70%, and it was found that
66.6 % of isolates were related to the LG1 genotype.

Our results indicate that L. garvieae can originate
from different sources with various genetic profiles.
The M13 primer has been a highly productive poten-
tial primer to genotype L. garvieae isolates and the
results agree with Foschino et al. (2008) and Altun
et al. (2013). Bacterial samples were collected from
different regions of Iran and this can increase the pos-
sibility of genetic variability of isolates derived from
various sources of cultured freshwater and marine
fish, cultured prawns, animals and food (Meyburgh et
al.,2017; Wang et al., 2007; Tsai et al., 2012 ). On the
other hand, trout farming is a fast-growing industry
in Iran that it can increase distribution of the caus-
ative agent of lactococcosis in all aquaculture-related
environment, as well as other places, have access to
fish farms, and consequently raising the exposure of
other animals to get the lactococcus infections and
tend to enhances the pathogenesis and outbreak of the
disease. According to Vela et al. (2000) phenotypic
and genotypic characterization of L. garvieae isolates
from some European countries originated from dif-
ferent sources of fish, animals, and human showed a
low genetic similarity between them. That suggested
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diverse infection sources for the different lactococ-
cosis outbreaks. RAPD-PCR assay has been used as
a highly robust test in genome scanning by genetic
qualification and comparison among species and iso-
lates (Belkum and Meis, 1994). This method enables
the detection of genetic relationships amongst bac-
terial fish pathogens with a high differentiating rate
(Magarinos et al., 2000; Foschino et al., 2008; Findik
etal.,2011).

CONCLUSION

High genetic diversity among all isolates indi-
cates the necessity of studying cultured fish in differ-
ent ways and according to their sources. This shows
that the pathogen has an expanded genetic variation
which plays a significant role in the prevalence of
lactococcosis in the aquaculture industry. Knowledge
of the geographical distribution of isolates and ge-

netic diversity data of this pathogen will help us to
design new products such as vaccines based on the
DNA components of bacteria and continue to deliver
practical ideas to control the disease. The finding of
the present study suggests that RAPD-PCR can be a
simple and efficient method to map the distribution of
the pathogen.
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ABSTRACT. The aim of the research was to evaluate the carcass characteristics and meat quality from chickens fed
on diets in which fish meal was substituted with raw earthworms (Lumbricus rubellus) or earthworm meal. In the trial
which lasted 42-days, 100 one-day-old Hybro broilers were divided into the control and three experimental groups.
The control group was fed on standard broiler feed, the first (E-I) and the second experimental groups (E-II) were fed
a diet in which 50% or 100% of fish meal was substituted with earthworm meal, respectively, whilst the third group
(E-III) consumed feed without fish meal, but was given raw chopped earthworms ad libitum from day 1 to day 42. The
replacement of fish meal with fresh earthworms resulted in significantly lower carcass weights in the E-III group in
comparison with the control group (p<0.05). The differences in drumstick, thigh and breast meat share relative to the
carcass mass were not significant (p>0.05). The lowest fat content in thigh and breast meat was in the group in which
fish meal was replaced with earthworm meal. The lightness (L*) of thigh and breast meat was highest in the broilers
fed fresh earthworms ad libitum. No significant differences in pH value were detected between the experimental groups
(p>0.05). The most consumer acceptable were drumstick samples from E-II group and the least acceptable samples
from the control group. Earthworm meal may be considered an adequate substitute for fish meal in broiler chickens’
diet since it does not impair the production performance, carcass yield and meat quality.
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INTRODUCTION

esides reducing environmental pollution and pro-

duction of quality fertiliser - biohumus, treatment
of manure with various earthworm species provides
significant quantities of a newly emerging feed i.e.
worms (Ncobela and Chimonyo, 2015; Jacob, 2015).
The production and demand for poultry meat is sup-
posed to continue growing worldwide. This increase
in meat production will require huge quantities of
protein feed such as fish and soybean meals, which
are expensive. For these reasons, there is a continu-
ous research on the introduction of alternative protein
feeds, which will help to solve the problem of defi-
cient high-value proteins for animal nutrition (Khan
et al., 2016; Djordjevic et al., 2008; Radulovi¢ et al.,
2018; Tiroesele and Moreki, 2012). Nowadays, with
the existing methods of extraction and meal prepara-
tion 25-50% of proteins can be obtained from earth-
worm meal. The meal produced from red Californian
earthworms (Eisenia fetida) is a tasty feed character-
ised by a high protein content (60-70%) of favour-
able amino acid composition that can replace fish and
soybean meals in every phase of broiler production
(Istiqgomah et al., 2009). No negative effects on pro-
duction performance in broiler chickens fed earth-
worm meal (obtained from Perionyx excavatus), as
well as no detrimental impact on their health and food
conversion rate were observed in previous studies (Vu
and Quang, 2010).

Nutrition can significantly influence the poultry
meat quality. The nutritive value of meat it is pri-
marily determined by the content and composition
of proteins and fats. Physical parameters for meat as-
sessment are its colour, pH and water binding capac-
ity. Colour is one of the first characteristics noted by
the consumers, especially in the fillet products, and
is also an indicator of meat quality (Fanatico et al.,
2007). Factors determining sensory quality have the
major influence on the consumer acceptability and are
decisive in meat consumption. Parameters which de-
termine carcass quality are carcass yield, breast meat
yield, and the meat fat content (Araujo et al., 2004;
Suchy et al., 2002). Nutrition is a factor which is most
frequently used to improve the desired nutritional,
sensory and technological quality of meat (Dzini¢ et
al., 2012).

Research has shown that red earthworms (Lum-
bricus rubellus) either dried or fresh, can successful-
ly be used as an alternative protein feed component
in broiler chickens fattening (Vu and Quang, 2010).

However, to our knowledge not much is known about
the influence of these feed components on carcass pa-
rameters and broiler meat quality. Thus, our research
targeted their influence on carcass parameters (pro-
cessed carcass yield and relative weight of main body
parts - thighs, drumsticks and breasts), meat quality
(basic chemical composition of red and white meats),
physical characteristics of thigh and breast meat (pH
and colour) and sensory characteristics of broiler
drumsticks. The present study was part of a bigger
research project and the data on the effects on the pro-
duction performance in broilers, their health and food
conversion have been reported earlier (Jankovic¢ at al.,
2015).

MATERIAL AND METHODS

Birds, menagement and experimental diets

The study was performed on a total of 100 one-
days-old Hybro G female chickens (mean initial body
weight 44.90+3.86 g). The chickens were equally di-
vided into a control and three experimental groups.
Throughout the experiment the preventive measures,
housing and nursing were adjusted to the floor rear-
ing system of Hybro G broilers. Feed and water were
provided ad libitum. The ambient conditions were
identical for all the groups and in agreement with the
recommended technological standards for Hybro G
broilers. Research protocols concerning animal han-
dling were in accordance with the guidelines pro-
posed by the Ethical Committee of the University of
Belgrade, Faculty of Veterinary Medicine, and with
the EU Directive 2010/63/EU for animal experiments.

Broiler feed

The control group (C) was fed with standard feed
mixture (NRC, 1994). In the first (E-I) and second (E-
II) experimental groups 50% and 100% of fish meal
(FM) was replaced with earthworm meal respective-
ly, whereas the third experimental group (E-III) was
fed on diets with no fish meal, but was given fresh
chopped earthworms from day 1 to day 42 of the ex-
periment ad libitum. The composition of the diets in
each experimental phase is given in Table 1.
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Table 1. Composition of broiler diets in each experimental phase [%]

Experimental phase!

Ingredients [%] Days 1-21 Days 22-35 Days 36-42

C E-1 E-II E-II C E-I E-Il  E-NI C* E-I1* E-II* E-lII*
Maize 557 538 519 607 624 612 60.0 654 660 660 66.0 66.0
Soybean meal 44%  26.0 260 260 260 21.0 21.0 21.0 210 21.0 210 21.0 21.0
Sunflower meal 33% 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Dicalcium phosphate 1.0 1.2 1.6 1.6 1.0 1.1 1.2 1.2 1.1 1.1 1.1 1.1
’Limestone 0.6 0.8 0.9 0.6 0.8 0.8 0.8 0.8 1.1 1.1 1.1 1.1
Brewers Yeast 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.0 2.0 2.0 2.0
Fish meal 5.0 2.5 - - 3.0 1.5 - - - - - -
Earthworm meal - 4.0 8.0 - - 2.5 5.0 - - - - -
Fresh earthworm
(ad libitum) i ) ) FE ) ) ) FE ) ) ) FE
Soybeane oil 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Salt 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
SVMP 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Total 100 100 100 100 100 100 100 100 100 100 100 100

"Experimental phases: I experimental phase (days 1-21); II experimental phase (days 22-35); III experimental
phase (days 36-42); C - Control group; E-I - first experimental group; E-II-second experimental group; E-III - third

experimental group;

*. In the final phase of fattening (36™ - 42" day), all experimental groups and the control group were fed on the same
mixture: fish and worm meal were excluded from diet in the experimental groupl and 2, respectively; the experimental
group 3 was fed on the same mixture, but was given fresh chopped worms during the entire fattening period. This is
why all three groups have same numerical values of chemical content of the mixture.

’Limestone - Calcium carbonate;
3VMP - Vitamin mineral premix
“FE - Fresh earthworm

The earthworms (Lumbricus rubellus) used in the
experiment were obtained by vermicomposting cat-
tle manure (“Lumbri bio agrar”, LeStane, Belgrade,
Serbia). They were washed with water to remove dirt
from the surface and afterwards kept in cold water (at
14°C) for 24 hours to free them from faecal mud (Ed-
wards, 1985). The earthworms were dried in an oven
at 50°C for 10 hours following the method described
by Istiqomah et al. (2009). After drying, the worms
were weighed and ground with a hammer milling ma-
chine into powder. The mixtures intended for feeding
the experimental animals were mixed (25 min.) in the
Vrieco-Nauta conical screw mixer with a capacity
of 50 kg (Hosokawa Micron Group, Osaka, Japan).
Broilers were fed on starter feed from day 1 to 21,
grower from day 22 to 35, and finisher from day 36 to
42 (all groups).

Chemical analysis of feedstuff

Standard methods of AOAC (2006) were followed
for measuring dry matter, fat, cellulose, proteins and
crude ash. Calcium was determined by colorimetric

method SRPS ISO 6490-1:2001 (2001) and phospho-
rus contents by method SRPS ISO 6491:2002 (2002).
The concentrations of lysine and methionine, as well
as the dietary gross energy (MJ/kg) were calculated
according to Sauvant at al. (2004).

Slaughtering parameters of poultry meat

The broilers were transported to a slaughterhouse
at the end of the experiment, on day 42. Having
been measured individually, the birds were electri-
cally stunned, sacrificed by manual exsanguination,
plucked and eviscerated. The measurement of body
weight before slaughter, and carcass mass after
slaughtering was done by the usual procedure for an
industrial slaughter house. Carcass yield was calculat-
ed from the ratio between the mass of chilled carcass
and body mass before slaughter. Chilled carcasses
were cut in accordance with legislations, Rules on the
quality of poultry meat (Sl. paper SFRJ 1/81, 51/88)
(1988) into main commercial cuts (thighs, drumsticks
and breasts) and measured on automatic scales with a
precision of £0.05 g.
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Chemical analysis of the meat

In order to assess the meat quality certain chem-
ical analyses were performed. By means of random
sampling 10 carcasses were chosen from each group
and from these 7 random samples of following tissues
were taken: breasts, thighs and drumsticks. The prepa-
ration of these samples was done according to AOAC
procedure (2006). The chemical analyses of meat sam-
ples (breast and thighs) were performed after 24 hours
of storage at 4°C following standard procedures: water
content was measured by means of loss of mass while
drying homogenised samples at 105+1°C until con-
stant mass was achieved; fat content was determined
by the Soxhlet method i.e. extracted from samples
extracted with petrol ether and dried at 105+£1°C to
constant mass; proteins were quantified by the method
described by Kjeldahl; ash was determined by sample
incineration at 550°C until constant mass.

Physical characteristics of the meat

To assess the meat quality certain physical and
sensory analyses were carried out. Ten carcasses ran-
domly chosen from each group were used as a source
of 7 samples of thigh and breast muscles taken at
random. The detection of meat colour was done 24h
post mortem using the colorimeter Konica Minol-
ta CR-400 Chroma Meter (Ramsey, NJ, USA) cali-
brated on white panel (L*=93.30; a*=0.32 and 1.8;
b*=0.33). Measurement area @ 8.0 mm, illumination
D,, viewing angle 0°. The colour was measured in
terms of the CIE system (Commission International
de L’éclairage, 1976), where L* value defines light-
ness, a* redness and b* yellowness in meat samples
prepared according to Warriss (2000). The colour of
each sample resulted from three consecutive measure-
ments and is expressed as the averages for each of the
parameters assessed.

The pH values were measured 24h after slaughter-
ing and cooling of carcasses with a pH meter “Testo
205” (Testo Ltd., Hampshire, UK) by direct insertion
of the probe into the thigh and breast muscles (with
+ 0.01 accuracy). Before and during its use the pH
meter was calibrated with standard phosphate buf-
fers (pH of the calibration buffer was 7.00 and 4.00
at 20°C). The mean of two pH values measured at the
same point was considered to be the result (Korkeala
et al.,1986).

Sensory evaluation of broiler meat samples
The sensory evaluation of broiler meat was per-
formed by trained analysts. The panel consisted of

twelve assessors who were chosen according to the
defined standard, which is identical to the internation-
al one ISO 8586:2012 (2012). The means of prepara-
tion of all the samples were identical. The skin was
removed from the drumstick meat before thermal
treatment. Thermal processing was performed on an
electric grill and lasted for about 20 minutes, until the
temperature of 80°C was achieved in the core of each
piece of meat. After the roasting the samples were
presented to the assessors on identical plastic saucers.
They were asked to inspect the smell and taste, and
rank the samples so that the first place would take the
most acceptable, followed by less acceptable and the
least acceptable one. The differences in the accept-
ability of broiler meat were detected with Rang test
ISO 8587/2006 (2006). The significance of the differ-
ences in the acceptability at levels 95% and 99% was
determined having in mind the number of samples,
number of rankings and the difference in the sums of
ranks between the samples.

Statistical analysis

Data were statistically processed and analysed by
the Graph Pad Prism 5.0 software. Study results were
statistically analysed and presented using mean value
and standard deviation. The one-way analysis of vari-
ance (ANOVA) was applied and followed by Tukey
HSD-test.

RESULTS

The chemical composition of fresh earthworms
and dehydrated earthworm meal is presented in Ta-
ble 2. These results represent the mean values of the
chemical analyses of the earthworms sampled at reg-
ular intervals.

The chemical compositions of complete broiler
feeds in the experiment are given in Table 3. The results
showed that they fully satisfied the animals’ require-
ments NRC (1994) as well as those of the experiment.

The average body mass before slaughter was low-
est in E-II broilers (Figure 1), the group fed on the
diet without fish meal which was completely replaced
with earthworm meal, whilst the highest was in the
control. However, the differences between the groups
were not significant (p>0.05). Carcass weight was
lowest in E-III group and the highest in the control,
and differed significantly (p<0.05). Carcass yield
broiler was lowest in E-III group and the highest in
the E-II group but the differences between the groups
were not significant.
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Table 2. Chemical composition of fish meal, fresh worms and earthworm meal [100% DM]

Chemical composition Fish meal Fresh worms Redworm meal
Moisture, % 10.00 84.76 11.44
Ash, % 19.57 1.32 9.20
Crude Protein, % 67.39 6.89 41.42
Crude Fat, % 7.17 2.25 9.20
Crude Fibre, % 0.65 0.55 1.77
NFE!, % 5.22 4.14 25.00
Ca, % 7.28 0.20 1.46
P, % 3.48 0.14 0.80
Lysine, % 5.11 0.51 3.33
Methionine, % 1.96 0.14 0.96

I'NFE - nitrogen free extract;

Table 3. Chemical composition of feed mixture for broilers per experimental phase [%]

Chemical Feed mixture I Feed mixture II Feed mixture IIT
composition (01-21 days) (22-35 days) (36-42 days for all groups)
[%] C E-I E-IT  E-III C E-1 E-II E-III C E-I* E-II* E-III*
Moisture 11.11  11.13 11.15 1136 11.33 11.34 1136 1148 11.50 11.50 11.50 11.50
Ash 540 568 560 456 513 527 5.41 4.62 4.94 4.94 4.94 4.94
Crude protein  22.28 22.28 2227 19.58 19.38 1941 1945 1776 17.32 1732 17.32 17.32
Crude fat 547 560 573 534 556 5.64 5.72 5.48 5.48 5.48 5.48 5.48
Crude fibre 402 4.03 405 4.09 385 387 3.87 3.90 3.88 3.88 3.88 3.88
NFE 51.71 5126 50.82 55.05 5474 5446 54.17 5675 56.86 5686 56.86 56.86
Ca 098 1.00 1.00 0.65 090 0.88 0.87 0.7 0.82 0.82 0.82 0.82
P 0.81 0.80 0.80 066 074 0.74 0.75 0.65 0.66 0.66 0.66 0.66
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
ME MJ/kg) 12.79 12.61 1243 1296 13.03 1293 1282 13.10 13.09 13.09 13.09 13.09

C - Control group; E-I - first experimental group; E-II-second experimental group; E-III - third experimental group

*- In the final phase of fattening (36" - 42" day), all experimental groups and the control group were fed on the same
mixture: fish and worm meal were excluded from diet in the experimental groupl and 2, respectively; the experimental
group 3 was fed on the same mixture, but was given fresh chopped worms during the entire fattening period. This is
why all three groups have same numerical values of chemical content of the mixture.

3000 -
1500 -
a
1000 - b
1500 -
1000
500
'R : : : .
[ £ E-ll E-Ill
W hefore slaughter
W after slaughter

Figure 1. Broiler body mass (before slaughter) and carcass mass
(g); Value expressed as X+ Sd; “><¢ - small letters indicate signif-
icant difference (p<0.05)

The average mass of thighs and drumsticks (Figure
2) was the lowest in broilers of the E-III group and the
highest in the control, and differed significantly (p<0.05).
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0 : , )
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Figure 2. Mass of whole legs (thigh and drumstick) (g); Value
expressed as X £ Sd; >4 - small letters indicate significant dif-
ference (p<0.05)

The mass share of the thigh and drumstick was
lowest in broilers of the E-III group and the highest in
E-I group. Nevertheless, the differences between the
groups were insignificant (p>0.05).
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Figure 3. Mass share of breast meat in the carcass mass (%); Val-
ue expressed as X + Sd

The average mass of breast meat (Figure 4) was
lowest in the E-III group and the highest in the con-
trol, but the difference was not assessed as significant

(p>0.05).
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Figure 4. Mass breast meat (g); Value expressed as X + Sd

In Figure 5 it can be seen that the relative mass
share of breast meat in the carcass was highest in
broilers of E-II group and the least in E-III. Howev-
er, the difference between them was not significant

(p>0.05).
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Figure 5. Relative average weight of breast meat (%)

The results of chemical analyses of the meat are
presented in Table 4.

From the results of the analysis of the thigh meat it
is noticeable that the mean water content in the broil-
ers of E-I group was significantly lower than in the
other groups (p<0.01). The lowest average fat con-

tent in thigh meat was detected in samples taken from
E-II group whilst the highest was in E-I group. All the
intergroup differences in fat content were significant
(p<0.01), with the exception of the one between the
control and E-I (p>0.05). Protein levels were signifi-
cantly higher (p<0.01) in E-I group in comparison to
the control. A significant difference in protein content
was recorded for groups E-I and E-III (p<0.05). Dif-
ferent diets did not influence the concentrations of
minerals in thigh meat (p>0.05).

According to the results of chemical analysis, in
breast muscles (Table 4) the water content was high-
est in E-I group significantly higher than in all the
others experimental groups (p<<0.01). The average fat
content was lowest in E-II group. Differences in fat
content between the groups were significant (p<0.01).
Proteins were detected in lowest concentrations in the
breast meat in group E-I, highest in breast meat in
E-III group. The differences in protein content were
significant (p<0.01) between the control and E-I on
one side and E-I other groups on the other side. Ash
content was highest in meat E-I group, significant dif-
ferences were observed between the control and E-1
group (p<0.05), as well as between groups E-I and
E-II1.

The results of instrumental assessment of the co-
lour of thigh meat (Table 5) showed that its lightness
(L*) was significantly higher (p<0.01) in the group
which was given feed without fish meal, but had ac-
cess to fresh earthworms ad /ibitum in comparison to
all other groups. The lightness in the control was sig-
nificantly higher (p<0.01) in comparison with E-I and
E-II. Redness (a*) was significantly more intensive in
the group in which fish meal was completely replaced
with earthworm meal in comparison with the others
groups. The yellowness (b*) in E-III was significantly
higher (p<0.01) in comparison with the control, E-I
and E-II groups. Moreover, in the control yellowness
was significantly higher (p<0.01) in comparison with
E-IL

Breast meat was lightest in group E-III and dark-
est in E-II (Table 5). Significant differences (p<0.01)
were detected between all the groups tested. The red-
ness of breast meat in group E-III was significantly
higher (p<0.01) in comparison with all other groups.
The yellowness in the control and E-III was signifi-
cantly higher (p<0.01) in comparison with the two
other groups.

The results measurements of pH in thigh and
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drumstick meat (Table 5) were found to be with no
significant differences between groups (p>0.05). The
results of electrochemical measurements of pH in
breast meat (Table 5) were found to be without differ-
ences between the groups (p>0.05).

ceptability of drumstick meat samples can be seen.
Ranking meat samples resulted in the notion that the
most acceptable were those from broilers of the E-11
group, significantly more acceptable than any other.
The samples from the control group were assessed as

the least acceptable by the panel of jurors.

In Table 6 the differences in the assessment of ac-

Table 4. Chemical composition* of thigh and breast meat (%)

Chemical composition C E-I E-11 E-II1
Thigh meat

Water 72.29+0.38% 70.79+ 0.32Y 71.95+0.13% 72.294+0.21%
Fat 6.74+£0.27* 6.80 £0.12»* 6.24+0.14Y 6.54+0.13¢
Protein 20.10+0.50* 21.38+0.242 20.91+0.38° 20.58+0.75%
Ash 1.03£0.00 1.03+£0.00 1.024+0.00 1.03+0.00
Breast meat

Water 74.36+0.38>* 75.38+0.23Y 74.82+0.21°* 74.18+0.30¥
Fat 1.88+0.06* 1.34+0.05% 1.31£0.04* 1.89+0.07Y
Protein 22.504+0.33* 21.82+0.18Y 22.45+0.20* 22.51+£0.30*
Ash 1.42+0.02° 1.45+0.03° 1.4240.01 1.42+0.02°

*X + Sd results are presented as mean + standard deviation (SD); small letters indicate significant difference: a, b, c, d
(p<0.05); x,y,z,w (p<0.01) within the same row

Table 5. pH and colour values of thing and breast meat

C E-I E-I1 E-III

Thigh meat

pH 6.45+0.03 6.45+0.03 6.45+0.02 6.46+0.03
L* 50.43+0.242 49.52+0.20° 49.15+0.24° 52.15+0.41¢
a* 6.92+0.114 6.76+0.11°2 7.15£0.198° 6.89+0.12¢
b* 5.87+£0.12° 5.74+0.13%> 5.58+0.14° 6.14+0.15¢
Breast meat

pH 5.85+0.04 5.85+0.03 5.86+0.03 5.86+0.03
L* 47.30+0.29¢ 46.36+0.26° 45.39+0.29¢ 48.08+0.24¢
a* 4.69+0.08* 4.33+0.12° 4.51+0.16%° 4.89+0.12°
b* 8.13+0.16% 7.43+£0.13° 7.25+0.20° 8.16+0.177

L* = lightness; a*=redness; b*=yellowness; values in the same row marked with different upper case (A,B,C,D) or
lower case letters (a,b,c,d) differ significantly (p<0.05 and p<0.01, respectively)

Table 6. Significance of differences between acceptability assessment of broiler drumstick meat samples

Groups E- I E-11 E-I C
Sum of rank 27 48 30 25
C 2ns 23%* 5ns -

E-1 2ns 18%* -

E-II 21 %* -

E-III -

ns=not significant (p>0.05); *p<0.05; **p<0.01
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DISCUSSION

Chemical analysis of feed

The protein content (41.42%) in the earthworm
meal is lower in comparison to some literature data,
which ranged between 46.57% and 63.0% (Khan et
al., 2016; Jacob, 2015), but also more than reported
by Mahmoud et al. (2015), who claimed that the con-
tent was 38.87%. Similarly, the amino acid content
was somewhat lower compared to relevant published
data, but still satisfactory. The results of the absolute
content of amino acids are in agreement with the lev-
els obtained by other authors (Sogbesan and Ugwum-
ba, 2008). Fat contents were higher than the ones re-
ported in literature according to Dynes (2003). Due to
high fat contents in comparison with other feed com-
ponents, earthworms are a rich source of energy with
regard to dry matter. The ash content in earthworms
is in agreement with some previously published data
obtained by Sogbesan and Ugwumba (2008). The re-
sults of chemical analyses of feed consumed by broil-
er chickens in this research confirmed that it satisfied
the norms required by the management guide for Hy-
bro broilers and regulations NRC.

Slaughtering parameters of broiler meat

The analysis revealed that various diets did not
affect significantly the average broiler body mass
measured immediately before slaughter. These re-
sults are in agreement with the report of Bahadori
et al. (2015), who, having studied the nutritive val-
ue of earthworms, found no significant differences in
the body mass between the control and experimental
groups. By contrast, Ton et al. (2009) claimed that the
mean body mass of the broilers fed on diets contain-
ing earthworms (Perionyx excavatus) was higher than
in the control.

Lower mass of chilled carcasses in comparison
to the control was registered in the group which con-
sumed feed with chopped raw earthworms instead of
fishmeal. Resnawati (2002) conducted the research in
order to clarify the effect of earthworm meal in the
diet on carcass parameters of broiler chickens and
observed no significant differences between the treat-
ments, on that occasion he concluded that earthworm
meal could be used up to 15 percent in broiler diets
with no impact on carcass parameters or feed conver-
sion. Results by Mahmoud et al. (2015) indicated that
good results of broiler performance and carcass char-
acteristics were obtained when 3.5% of earthworm
meal was included in the broiler diet.

There were no significant differences in the car-
casses yield of the broilers in the experiment. How-
ever, the lowest carcass yield was in the third exper-
imental group i.e. 1.18% lower than in the control.
The second group achieved 2.58% and the first one
0.92% higher carcass yields than the control. Ton et
al. (2009) suggested that feeding with various quan-
tities (1%, 1.5% and 2% on a dry matter basis) of red
worms (Perionyx excavatus) resulted in higher yield
of carcass.

Significantly lower weight of thighs and drum-
sticks in comparison to the control were detected in
the group fed on feed in which the whole content
of fish meal was replaced with chopped fresh earth-
worms. The mass share of thigh and drumstick meat
in the carcass mass was lowest in the third group and
the highest in the first one (32.23%). These data on
the relative weight of whole legs are in accordance
with those published by Bogosavljevi¢-Boskovi¢ et
al. (2010).

Breast meat is the carcass component with the
highest economic value. The average chicken breast
mass was lowest in the third experimental group and
highest in the control, but they did not differ signifi-
cantly. The yield of breast meat results from the sat-
isfactory quality of feed which was used in the exper-
iment: had there been a shortage of limiting amino
acids in broiler feed, the primary indicator would
have been a poor breast meat yield because the most
intensive protein synthesis takes place in breast mus-
cles (Araujo et al., 2004). However, the highest share
of breast meat in chilled carcasses was detected in the
second experimental group (34.54%) and the lowest
in the third group (33.00%), but the differences were
insignificant. Ton et al. (2009) reported about rela-
tive weights of deboned breast meat from 25.26% to
27.75% in broilers fed earthworms (1%, 1.5% and 2%
on a dry matter basis). Having considered the slaugh-
tering parameters for the experiment as a whole one
may conclude that broilers fed on diets in which the
fish meal was replaced with earthworm meal achieved
satisfactory production results. There were no signifi-
cant differences in carcass yield between the chicken
groups. In addition, the relative weight of more valu-
able main commercial cuts were highly satisfactory,
especially the one of breast meat.

Chemical composition of thigh and breast meat
Besides carcass yield, chemical composition is a
main criterion for broiler meat quality assessment. The
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analysis of thigh meat revealed that its average water
content ranged from 70.79% to 72.29% and that there
were some highly significant differences between the
experimental groups. The percentage of water in thigh
meat measured in the current research was lower than
reported previously by Risti¢ et al. (2008).

The intergroup difference in fat content was signif-
icant. The lowest average level in thigh meat (6.24%)
was measured in the group consuming the feed with
completely substituted fish meal with earthworm meal
and the highest (6.80%) in chicken fed on partially
substituted diet. Fat content in thigh meat in the ex-
perimental groups was lower than claimed for Hybro
broilers (8.9%-9.3%) by other researchers (Suchy et
al., 2002; Risti¢ et al., 2008). These lower fat percent-
ages in poultry meat are of utmost importance for the
consumers, which may be concluded from increasing
demands of the market for lean meat.

The average protein levels in thigh meat ranged
from 20.10% to 21.38%, and varied significantly be-
tween groups. The highest level was detected in the
meat of chickens which were fed on diets with 50%
of fish meal and 50% of earthworm meal. The pro-
tein content in thigh meat obtained in the research is
somewhat higher than for Hybro G broilers (18.3%-
19.1%) claimed by Bogosavljevi¢-Boskovi¢ et al.
(2010) and Suchy et al. (2002). The ash percentages
in thigh meat were roughly the same in all chickens
and similar to previously published data obtained by
other authors (Bogosavljevi¢-Boskovi¢ et al., 2010;
Suchy et al., 2002).

The percentage of water in breast meat varied
from 74.18% to 75.38%, with significant differences
between the chicken groups. These results correspond
exactly to those obtained by Risti¢ et al. (2008), who
measured a water content of 75%. The average fat
content in breast meat varied significantly, and ranged
from 1.31% in the second experimental group to
1.89% in the third one. These results are much lower
than previously published data (2.1 to 2.5%) claimed
by Suchy et al. (2002). Partial or complete replace-
ment of fish meal with earthworm meal or raw earth-
worms leads to significantly lower percentages of fat
in broiler breast meat. This is of outstanding nutri-
tional importance since low fat content, especially in
white meat, is one of the reasons for the increasing de-
mand for poultry meat. The average protein levels in
breast meat ranged from 21.82% to 22.51%, with sig-
nificant differences between groups. Having analysed
the results obtained in the current experiment, one

can conclude that the complete replacement of fish
meal with earthworm meal or raw earthworms in the
broiler diet exerts highly positive effects on protein
contents in breast meat. These protein percentages in
breast meat correspond to data for Hybro G broilers
(22.5% to 22.7%) claimed by Suchy et al. (2002), but
are somewhat lower (22.5% to 23.7%) than those pre-
sented by Bogosavljevi¢-Boskovi¢ et al. (2010). Ash
content varied slightly from 1.42% to 1.45%, which
is higher than the one (1.1%) published by Risti¢ et
al. (2013).

Physical characteristics of chicken meat

The results of the measurements of meat colour in
thigh samples revealed significant differences in co-
lour. Highest L* and b* values were detected in E-I11
group, which consumed the feed without fish meal but
had chopped worms ad libitum. Thigh meat was red-
dest in E-II group. The lowest L* value, indicating the
darkest meat, was in the broiler group which was fed
on the feed with completely replaced fish meal with
earthworm meal.

Breast meat of the chickens in E-III had signifi-
cantly higher L* and b* values than those in other
groups. The lowest was the L* value in broiler meat
from E-II group. Qiao et al. (2002) have classified
chicken breast muscle into three groups according
to its colour: lighter-than-normal or light (L*>53),
normal (48<L*<51), and darker-than-normal or dark
(L*<46). Comparison of our results with these criteria
leads to the conclusion that breast muscles of all broil-
er groups had normal colour and differed only slightly
and were all visually acceptable.

Measurements of the electrochemical reaction
of thigh meat failed to detect significant differences
between inspected meat samples. These results are
comparable with the data on the average pH (which
is claimed to be 6.4) of fresh poultry meat (Risti¢
and Damme, 2013). The shelf-life of breast meat, its
smell, colour, water adsorption during marination,
water-holding capacity and loss during thermal pro-
cessing depend mainly on pH. The results showed
that there were no significant differences in pH values
in breast meat between the groups, which is in accor-
dance with the claims of Ton et al. (2009).

By means of sensory assessment it was discov-
ered that the most acceptable were the drumsticks and
breast meat originating from broilers fed on the diet
without any fish meal, which was completely substi-
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tuted with earthworm meal, and the least acceptable
those from the control group and E-III group. The
differences in the acceptability were based on the
complete impression about the samples assessed -
the colour, smell, juiciness, tenderness, texture, taste,
aftertaste, fullness of flavour - on all traits percepti-

ble by senses, rather than on one characteristic only
(Balti¢, 1994; Font-I-Furnols and Guerrero, 2014).

Conclusion is that earthworm meal may be con-
sidered an adequate substitute for fish meal in broiler
chickens’ diet since it does not impair the production
performance, carcass yield and meat quality.

REFERENCES

AOAC (2006) International: Official Methods of Analysis of AOAC Inter-
national. 18" Edition. Gaithersburg, MD (USA).

Araujo LF, Junqueira OM, Araujo CS, Faria DE, Andreatti MO (2004)
Different criteria of feed formulation for broilers aged 43 to 49 days.
Braz J Poult Sci 6:61-64.

Bahadori Z, Esmaeilzadeh L, Torshizi MAK (2015) The Effect of Earth-
worm (Eisenia fetida) and vermihumus meal in diet on broilers chick-
en efficiency and carcass components. Biol Forum Int J 7:998-1005.

Balti¢ ZM (1994) Kontrola namirnica. Rang test. Fakultet veterinarske
medicine Univerziteta u Beogradu 83-105.

Bogosavljevi¢ - Boskovi¢ S, Mitrovi¢ S, Djokovi¢ R, Doskovi¢ V, Djer-
manovi¢ V (2010) Chemical composition of chicken meat produced
in extensive indoor and free range rearing systems. Afr J Biotechnol
9:9069-9075.

Djordjevi¢ M, Radenkovi¢-Damnjanovi¢ B, Vuéini¢ M, Balti¢ M, Teo-
dorovi¢ R, Jankovi¢ Lj, VukaSinovi¢ M, Rajkovi¢ M (2008) Effects
of substitution of fish meal with fresh and dehydrated larvae of the
house fly (Musca domestica L) on productive performance and health
of broilers. Acta Vet - Beograd 58:357-368.

Dynes RA (2003) Earthworms. Technology information to enable the devel-
opment of earthworm production. A report for the rural industries re-
search and development corporation. RIRDC Publication. 03/085: 1-39.

Dzini¢ N, Petrovi¢ Lj, Jokanovi¢ M, Tomovié¢ V, Filipovi¢ S, Tasi¢ T,
Tkoni¢ P, Okanovi¢ D (2012) Quality of breast meat of broilers fed
with extruded rapeseed meal. J edible oil industry 43(1-2):7-13.

Edwards CA (1985) Production of feed protein from animal waste by
earthworms. Phil. Trans R Soc Lond 310:299-307.

Fanatico AC, Pillai PB, Emmert JL, Owens CM (2007) Meat quali-
ty of slow-and fast-growing chicken genotypes fed low-nutrient or
standard diets and raised indoors or with outdoor access. Poult Sci
86:2245-2255.

Font -I-Furnols M, Guerrero L (2014) Consumer preference, behavior and
perception about meat and meat products: An overview. Meat Sci 98
(3):361-371.

ISO 8586-2012 (2012) Sensory analysis - General guidelines for the se-
lection, training and monitoring of selected assessors and expert sen-
sory assessors. https://www.iso.org/standard/45352 . html [2012-12].

ISO 8587:2006 (2006) Sensory analysis - Methodology - Ranking. https://
www.iso.org/standard/36172.html [2006-11].

Istiqgomah L, Sofyan A, Damayanti E, Julendra H (2009) Amino acid pro-
file of earthworm and earthworm meal (Lumbricus rubellus) for ani-
mal feedstuff. JITAA 34:253-257.

Jacob J (2015) Including earthworms in organic poultry diets. Organic
agriculture. http://www.extension.org/pages/69709/including-earth-
worms-in-organic-poultry-diets [october 02. 2013].

Jankovi¢ Lj, Radenkovi¢-Damnjanovi¢ B, Vucini¢ M, Sefer D, Teodor-
ovi¢ R, Pordevi¢ M, Radisavljevi¢ K (2015) Effects of fish meal re-
placement by red earthworm (Lumbricus rubellus) meal on broilers’
performance and health. Acta Veterinaria-Beograd 65 (2): 271-286.

Khan S, Naz S, Sultan A, Alhidary 1A, Abdelrahman MM, Khan RU,
Khan NA, Khan MA, Ahmad S (2016) Worm meal: a potential source
of alternative protein in poultry feed. World’s Poult Sci J 72: 93-101.

Korkeala H, Maki-Petais O, Alanko T, Sorventula O (1986) Determina-
tion of pH in meat. Meat Sci 18: 121-125.

Mahmoud M, Musa A, Ahmed AE, Ismail M, Hassan H, Yagoub I, Salih S
(2015) Effect of dietary inclusion of earthworm meal replacing super-con-

centrate on broiler performance and carcass characteristics. International
research on food fecurity, natural resource management and rural devel-
opment management of land use systems for enhanced food security: con-
flicts, controversies and resolutions. Book of abstracts. Tropentag 2015.
http://www.tropentag.de/2015/proceedings/proceedings.pdf.

Ncobela CN, Chimonyo M (2015) Potential of using non-conventional
animal protein sources for sustainable intensification of scavenging
village chickens: A review. Animal Feed Sci Techn 208:1-11.

NRC (1994) Nutrient Requirements of Poultry. Ninth revised edi-
tion. Washington, DC. The National Academies Press. (https://doi.
org/10.17226/2114).

Qiao M, Fletcher DL, Smith DP, Northcutt JK (2002) Effects of raw broil-
er breast meat color variation on marination and cooked meat quality.
Poult Sci 81:276-280.

Radulovi¢ 8, Pavlovi¢ M, Sefer D, Katoch S, Hadzi - Mili¢ M, Jovanovié
D, Grdovi¢ S, Markovi¢ R (2018) Effects of housefly larvae (Musca
domestica) dehydrated meal on production performances and sensory
properties of broiler meat. Thai J Vet Med 48(1): 63-70.

Resnawati H (2002) Carcass production and internal organs of broiler fed
earthworm Lumbricus rubellus meal. Nasional Teknologi Peternakan
dan Veteriner 294-297.

Risti¢ M, Damme K (2013) Significance of pH - value for meat quality of
broilers - influence of breed lineas. Vet glasnik 67: 67-73.

Risti¢ M, Freudenreich P, Damme K (2008) Chemical composition of
poultry meat- comparison of broiler, hen, turkey, duck and goose
meat. Tehnologija mesa 49:82-89.

Rules on the quality of poultry meat (Sluzbeni list SFRJ, 1/81 and 51/88).
Serbian.

Sauvant D, Perez JM, Tran G (2004) Tables of composition and nutritional
value of feed materials; pigs, poultry, cattle, sheep, goats, rabbits, horses,
fish. Wageningen Academic Publishers, the Netherlands: pp 13-304.

Sogbesan AO, Ugwumba AA (2008) Nutritional values of some non-con-
ventional animal protein feedstuffs used as fishmeal supplement in
aquaculture practices in Nigeria. Turk J Fish Aquat Sci 1:59-164.

SRPS EN 15621:2017 (2017) Animal feeding stuffs - Determination
of phosphorus content - Spectrometric method. Institute for Stand-
ardization of Serbia, Belgrade, Serbia. https://www.iss.rs/en/stand-
ard/?natstandard_document id=58768 [Accessed 30 Nov 2017].

SRPS ISO 6490-1:2001 (2001) Animal feeding stuffs - Determination
of calcium content - Part 1: Titrimetric method. Institute for Stand-
ardization of Serbia, Belgrade, Serbia. https://www.iss.rs/rs/stand-
ard/?natstandard_document id=15234 [Accessed 15 Dec 2001].

Suchy P, Jelinek P, Strakova E, Hucl J (2002) Chemical composition of
muscles of hybrid broiler chickens during prolonged feeding. Czech
J Animal Sci 47:511-518.

Tiroesele B, Moreki JC (2012) Termites and earthworms as potential alter-
native sources of protein for poultry. Int J Agro Vet Med Sci 6:368-376.

Ton DV, Hanh QH, Linh DN, Duy VN (2009) Use of earthworms (Perion-
yx excavatus) to manage agricultural wastes and supply valuable feed
for poultry. Livestock Research Rural Development 21:1-8.

Vu DT, Quang HH (2010) Determining appropriate amount of redworm
meal supplemented in the diet of broiler (Ho x Luong Phuong) in the
open air production system. J Sci Development 8 (6): 949-958.

Warris PD (2000) Measuring the composition and physical characteristics
of meat in: Meat Science: An introductory text (2™ Ed.). CAB Inter-
national, New York 179-193.

JHELLENIC VET MED SOC 2020, 71(1)
TTEKE 2020, 71(1)



Research article

JHELLENIC VET MED SOC 2020, 71(1): 2041-2046
IEKE 2020, 71(1): 2041-2046

Epevvnytixo aplpo

Relationship between body condition score, blood metabolites and oxidative
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ABSTRACT. The aim of the current study was to investigate the relationship between prepartum body condition score
(BCS), blood metabolites (Glucose, beta-hydroxybutyrate; BHB), oxidative stress (Malondialdehyde; MDA, Gluta-
thione peroxidase; GSH-Px) in transition period and some reproductive parameters in Holstein dairy cows. Fifty cows
were divided into two groups [low-BCS = 2.75-3.0 (n=25); adequate-BCS = 3.25-3.75 (n=25)] according to BCS on
the 21* day before expected calving. BCS was also recorded at 0 and +21 days after calving. Blood samples collected
at-21, 0 and +21 days from calving for MDA and GSH-Px analysis as well as at -21, +14 and +21 days of postpartum
for glucose and BHB. Data on reproductive parameters obtained from farm records were also collected. MDA con-
centrations were higher in group of low-BCS compared to group of adequate-BCS at -21 and 0 d related to calving
(p<0.05). GSH-Px activity was lower in group of low-BCS than adequate one during the transition period (p<0.05).
Low-BCS group also showed higher concentrations of BHB at +14 and +21 days after calving. During the transition
period, low-BCS group had lower glucose concentrations compared to adequate one (p<0.05). Adequate-BCS group
of cows showed shorter intervals of calving to first estrus (p<0.01) and calving to conception (p<0.01). In conclusion,
cows with lower BCS at the prepartum period had worse metabolic and oxidative balance during the transition period.
This situation also was associated with worse reproductive performance in cows.

Keywords: body condition score, cow, fertility, oxidative stress, metabolites,transition period

Corresponding Author:

H.E. Colakoglu, Ankara University, Faculty of Veterinary Medicine, Department of
Gynecology and Obstetrics, Ankara, Turkey

E-mail address: canatan@ankara.edu.tr

Date of initial submission: 19-06-2019
Date of revised submission: 16-10-2019
Date of acceptance: 02-12-2019



2042

H.E.COLAKOGLU, M.O.YAZLIK, U.KAYA, S.KURT, R BAYRAMOGLU, R.VURAL, $. KUPLULU

INTRODUCTION
Transition period has been defined as the most criti-
cal period in relation to health status and reproduc-
tive performance of dairy cows. Transition dairy cows
undergo dramatic changes including metabolic, phys-
iological, nutritional and oxidant/antioxidant balance.
This process can result in a period of negative ener-
gy balance and loss of BCS when rations do not meet
the energy demand for a dairy cow at this reproductive
phase (Konvicna et al., 2015, Barletta et al., 2017).

The body condition score is a simple, practical and
reliable method for evaluating the energy and fat re-
serves in dairy cows (Roche et al., 2007, Barletta et al.,
2017). BCS is associated with dry matter intake, milk
yield, cow immun response and reproductive perfor-
mance. Many authors agree that controlling BCS of
high yielding dairy cows could minimize the effect
of negative energy balance which is one of the most
important reasons of poor reproductive performance
(Stefanska et al., 2016). It is also well known that low
BCS and high BCS loss are associated with increased
incidence of anestrus and anovulatory cycles, and re-
duced conception rate (Ferguson et al., 1994, Barletta
et al., 2017). Barletta et al. (2017) noted that the BCS
at 21 d before calving was more informative for BCS
loss or gain than the BCS near calving.

Oxidative stress occurs in cows when energy de-
mand, non-esterified fatty acids (NEFA) and lipid per-
oxidation concurrently increase in this period (Gheise
et al., 2017). Oxidative stress characterised by an in-
creased production of free radicals and decreased an-
tioxidant defense is the result of an imbalance between
oxidant and antioxidant mechanisms (Konvicna et al.,
2015). Oxidants damage to macromolecules of cells
and lead to disruption of normal metabolism and physi-
ology. These alterations in cells lead to metabolic disor-
ders and diseases in dairy cows (Pilarczyk et al., 2012).

In humans, oxidative stress is associated with high
body mass index and body weight loss (Vincent and
Taylor, 2006). The oxidative stress especially as a re-
sult of high BCS in dairy cows has been also observed
(Bernabucci et al., 2005).

Few studies concerning the relationship between
BCS and; metabolic or oxidative balance in dairy cows
are available (Laubenthal et al., 2017). However, the re-
productive performance of cows has not been studied in
these studies. The aim of the current study was to inves-
tigate the hypothesis that there is a relationship between
prepartum body condition score (BCS), blood metab-

olites [Glucose, B-hydroxybutyrate (BHB)], oxidative
stress [malondialdehyde (MDA), glutathione peroxidase
(GSH-Px)] in transition period and reproductive param-
eters (calving to estrus interval, calving to conception
interval and insemination index) in dairy cows.

MATERIALS AND METHODS

The current study was carried out in a large com-
mercial dairy farm consisting of 1000 lactating dairy
cows located in Western Thrace. All cows were
housed in the same building under the same environ-
mental and nutritional conditions. All animals were
fed a mixed ration containing grass, corn silage and
commercial concentrate twice a day ad libitum. The
ration for dry and lactating cows contains 16% and
19% of crude protein, respectively.

A total 50 pregnant Holstein cows (2-4 parturi-
tions) were selected according to their BCS on the 21
day before expected calving date. The animals were
divided according to BCS (Gheise et al. 2017) into
two equal groups: low-BCS (2.75-3.0, n=25) and ad-
equate-BCS (3.25=3.75, n=25). The BCS was record-
ed by the same person using a scale of 1-5 with 0.25
increments as described by Ferguson et al. (1994).
And BCS was recorded again at 0 and +21 days after
calving. Twin calvings, stillbirths and dystocia were
excluded from the study.

For monitoring the oxidative stress, blood samples
were collected from the coccygeal vein into tubes
with K. EDTA (for MDA analysis) and into tubes with
heparin (for GSH-Px analysis) at -21, 0 and +21 days
from calving. The tubes with K.EDTA were centri-
fuged at 1419 x g at 4 °C for 20 min. and plasma
were stored at -18 °C until analysed. Plasma MDA
concentrations (wmol/l) were analysed by the method
of Konvicna et al. (2015). Hemolysates were quickly
stored at -20 °C following the processed for prepera-
ton of hemolysate and enzyme activities were estimat-
ed with the method described by Sharma et al. (2011).

Blood samples were also taken from the coccygeal
vein into tubes without anticoagulant at -21, +14 and +21
days from calving for glucose and BHB analysis. The
concentrations of glucose (mg/dL) and B-HBA (mmol/L)
were measured using commercial kits (WAKO®, USA,
Cat No. 439-90901 and Cat No. 417-73501, respectively)
according to the manufacturer’s instructions. Blood sam-
ples were collected before morning feeding in the same
environmental conditions. After blood collections, serum
were separated by centrifugation for 10 min at 3,000 g
and stored at -20°C until assayed.
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Reproductive performance of the two groups was
assessed based on the calving-to-estrus interval, calv-
ing-to-conception interval, and insemination index.

Before performing the statistical analysis, data
were examined with Shapiro-Wilk test for normal-
ity and Levene test for homogeneity of variances as
parametric test assumptions. Descriptive statistics for
each variable were calculated and presented as “Mean
+ Standart Error of Mean”. Student t-test was used to
evaluate the difference between groups for the lacta-
tion, and reproductive variables. To test the differences
in BCS, MDA, GSH-Px, glucose and BHB parame-
ters between groups, General Linear Models with the
repeated measures design were used. When a signif-
icant difference was revealed, any significant terms
were compared by Simple effect analysis with Bon-
ferroni adjustment. P<0.05 was considered as signifi-
cant in all analyses. SPSS® for Windows 14.1 (Licence
No0:9869264) was used in the analysis of the data.

RESULTS

Mean values of the body condition score in low-
BCS and adequate-BCS cows at -21, 0 and +21 days
from calving were showed in Table 1. In both groups
of cows, the mean BCS loss during transition peri-

od was determined as 0.25-0.75 unit. Mean BCS at
-21 and 0 days from calving were significantly high-
er in group of adequate-BCS than group of low-BCS
(p<0.05; Table 1).

MDA concentrations increased from -21 day to 0
days (p<0.05) in both groups of cows. MDA concen-
trations were markedly higher in cows with low-BCS
compared to adequate-BCS at -21 and 0 days from
calving (p<0.05; Table 1). However, no significant
difference was observed between the two groups at
+21 days from calving (p>0.05).

In both groups of cows, GSH-Px activity decreased
from -21 days to 0 days, and it increased from 0 to
+21 days (p<0.05). Cows with low-BCS had lower
GSH-Px activity than adequate-BCS cows in all sam-
pling dates (p<0.05; Table 1).

Glucose concentrations significantly varied between
sampling dates, with low-BCS cows showing lower
glucose concentrations (p<0.05; Table 2), in all dates.

No significant differences were observed between
two groups in blood BHB concentrations at -21 days
from calving (p>0.05). However, BHB concentrations
were higher in cows with low-BCS than adequate-BCS
at +14 and +21 days from calving (p<0.05; Table 2).

Table 1. The values of the body condition score, Malondialdehyde (MDA, pmol/l) concentrations and Glutathione peroxidase (GSH-
Px, units/mg Hb) activity in low-BCS (n=25) and adequate-BCS (n=25) cows at different sampling dates (mean+SEM).

Parameters Days from calving P value

-21 0 +21 Group Time Group*Time
BCS
Adequate-BCS ~ 3.40+0.02** 3.47+0.04A 2.90+0.035* <0.001 <0.001 <0.001
Low-BCS 2.91+0.03%8 3.16+0.05*8 2.8240.04°A
MDA
Adequate-BCS ~ 3.35+0.04>® 3.50+0.04>8 3.55+0.022A 0.003 0.001 0.074
Low-BCS 3.51+0.08% 3.69+0.06>* 3.55+0.03%
GSH-Px
Adequate-BCS ~ 2.85+0.08** 1.69+0.03A 2.12+0.07%* 0.001 <0.001 0.150
Low-BCS 2.42+0.10*8 1.46+0.048 1.89+0.05°8

Mean values within a row (a-b) or a column (A-B) with different superscript letters differ significantly.

Table 2. Serum glucose (mg/dL) and BHB (mmol/L) concentration of low-BCS (n=25) and adequate-BCS (n=25) at different sampling

dates (mean+SEM).
Parameters Days from calving P value

-21 +14 +21 Group Time Group*Time
Glucose
Adequate-BCS  58.76+0.76%*  53.15+1.05>4  56.78+0.66*4 <0.001 <0.001 0.019
Low-BCS 49.63+2.18%8  47.47+1.08>8  53.47+0.77*8
BHB
Adequate-BCS  0.14+0.01%4 0.41+0.06*8 0.16+0.01°8 0.016 <0.001 0.109
Low-BCS 0.16+0.01* 0.69+0.09>* 0.27£0.05°A

Mean values within a row (a-b) or a column (A-B) with different superscripts differ significantly.
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Table 3. Reproductive parameters of low-BCS (n=25) and adequate-BCS (n=25) dairy cows.

- Groups
Fertility parameters Adequate-BCS Low-BCS D
Calving to estrus interval 40.22+0.2 48.47+0.3 <0.001
Calving to conception interval 112.76+4.42 144.79+10.05 <0.05
Insemination index 2.10+£0.12 3.01+0.25 <0.05

Table 3 shows the reproductive parameters of cows
with low-BCS and adequate-BCS. The calving-to-es-
trus intervals (p<0.001) and calving-to-conception
intervals (p<0.05) were quite long in cows with low-
BCS (Table 3); cows with low-BCS had also higher
insemination index (p<0.05), compared to cows with
adequate-BCS.

DISCUSSION

Results obtained from the current study showed
that cows with low-BCS at prepartum period had high-
er oxidative stress, lower antioxidant activity, higher
BHB and lower glucose levels during the transition
period. All these metabolic and oxidative imbalances
in cows with low-BCS manifest as poor fertility.

During the transition period, body fat reserves are
mobilized to meet the cow’s energy requirements.
Adipose tissue plays an important role in the main-
tenance of metabolic homeostasis (Alharthi et al.,
2018). The mobilization of body fat reserves results
in body condition score loss and increased concen-
trations of NEFA in blood. The intensified process of
NEFA oxidation in the liver results in increased pro-
duction of reactive oxygen species (ROS) and oxida-
tive stress during the transition period (Folnozic et al.,
2015, Turk et al., 2015).

Oxidative stress and antioxidant status depend on
the stage of lactation, nutrition, disease, season and
environmental stresses such as heat stress (Pilarczyk
et al., 2012, Turk et al., 2015, Colakoglu et al., 2017).
Additionally, obesity is related to oxidative stress, in-
creased oxidant and decreased antioxidant activity in
humans (Roh et al., 2017). Visceral fat in human is a
source of several pro-inflamatory cytokines. The en-
hanced expression of these cytokines in obese patients
can induce a proinflammatory environment and facili-
tate oxidative damage (Furukawa et al., 2004). Similar
relationships have been observed in animals such as
dog and cows (Bernabucci et al., 2005, Pasquini et al.,
2013). A correlation between high body mass index,
body weight loss and oxidant stress is also known in
humans (Vincent and Taylor, 2006), cows (Bernabucci
et al., 2005, Laubenthal et al., 2017) and dogs (Pasqui-

ni et al., 2013). BCS is associated with lipid mobiliza-
tion and the imbalance of oxidative status in transition
cows (Bernabucci et al., 2005). Increasing BCS was
associated with enhanced oxidative stress (Laubenthal
et al., 2017). However, previous results on the relation
between BCS and oxidant markers are contradictory.
Gheise et al. (2017) reported that the concentration
of plasma MDA was affected by pre-calving BCS in
dairy cows. Bernabucci et al. (2005) reported that cows
with high BCS (>3.0) before calving and with more
BCS losses had higher reactive oxygen metabolites
(ROM) in the circulation. In contrast, Alharthi et al.
(2018) used cows with higher BCS than our study and
indicated that BCS prior to parturition had no effect
on the concentration of ROM. O’Boyle et al. (2006)
have not reported any significant differences in total
lipid hydroperoxide levels between high BCS (>3.5)
and normal BCS (2.5-2.7) in mild lactation cows. In
the present study, we evaluated adequate and low-
BCS cows and blood MDA levels were significantly
higher in low-BCS cows compared to adequate-BCS
cows. These discrepancies may be related to oxidative
stress markers, lactation time and different BCS points
used in groups of the studies. In addition, the results of
the study presented here are in agreement with previ-
ous studies (Bernabucci et al., 2005, Colakoglu et al.,
2017, Alharthi et al., 2018) showing that the MDA lev-
els were higher at calving and early lactation periods
compared to prepartum period. During the calving time
and early lactation, increased energy and oxygen re-
quirements may lead to increased ROS production. In
addition to this metabolic and oxidative imbalance, the
low BCS further adversely affect cow’s general health.

ROS are neutralised by the antioxidant system
such as GSH-Px, SOD (Festila et al., 2012). In a pre-
vious study (Alharthi et al., 2018), cows with low-
BCS (<3.25) had higher expression levels of enzyme
SOD1 than cows with high BCS (>3.75). Bernabucci
et al. (2005) reported that cows with high BCS (>3.0)
before calving and those with more BCS losses had
lower SOD activity in circulation. Gheise et al. (2017)
reported that plasma SOD and GSH-Px activities were
affected by pre-calving BCS and that high BCS cows
had lower plasma SOD and GSH-Px activities than
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cows with medium BCS. GSH-Px enzyme is an indi-
cator of oxidative stress (Festila et al., 2012). O’Boyle
et al. (2006) have also found that cows with high BCS
(>3.5) had lower total antioxidant potential than cows
with normal BCS (2.5-2.7). However, authors have
found any significant differences in GSH-Px activi-
ties between cows with normal BCS and high BCS in
mild lactation (O’Boyle et al., 2006). The present study
results showed low GSH-Px activity in cows with
low-BCS during the transition period. Additionally,
higher GSH-Px activity, in both groups, was found at
prepartum period than after calving, similar to reports
by Colakoglu et al. (2017) and Festila et al. (2012). As
in MDA concentrations, the discrepancies in relative
GSH-Px activity may be related to sampling time and
BCS point used in groups of the studies. Our findings
may suggest that low-BCS cows are more exposed
to oxidative stress during the transition period, which
manifested as higher MDA and lower GSH-Px activity.

Serum BHB and NEFA during the transition period
are energy metabolites and changes of NEFA and BHB
concentrations can be used as an indicators of energy
balance (Chapel et al., 2017). BHB concentrations are
influenced by BCS. Some authors reported that cows
with high pre-calving BCS had higher plasma BHB
concentrations that could be associated with the high-
er fat mobilizations (Gheise et al., 2017). Walsh et al.
(2007) also demonstrated that cows with high BCS
had higher levels of BHB at 15 days pp. Bernabuc-
ci et al. (2005) found that cows with high BCS have
higher BHB levels but they did not find any significant
differences in BHB levels between cows with low and
medium BCS. However, other studies (Folnozic et al.,
2015) have described that BHB concentrations were
numerically higher in cows with adipose BCS than in
cows with optimal BCS, but the differences were not
significant. In the present study, we evaluated low and
adequate-BCS cows and found that low-BCS cows
had higher BHB concentrations at pp 14 and 21 days.
Findings obtained from this study may also suggest
that not only high BCS but also low-BCS can cause
high BHB levels. Moreover, it was suggested that
BCS was associated with postpartum BHB levels.

Glucose, as a primary metabolic source of energy,
is essential for the fetal growth and milk production.
Folnozic et al. (2015) observed that adipose cows had
higher glucose concentration than cows with optimal
body condition on the day of calving. However, oth-
er authors (Bernabucci et al., 2005) have not found
any significant differences in glucose concentrations

among cows with low (<2.5), medium (2.6-3.0) and
high BCS (>3.0). Delfino et al. (2018) have not also
found any significant differences in glucose concentra-
tions between high (>3.5) and low BCS (<3.5). Gheise
et al. (2017) have not found any significant differences
in glucose concentrations between medium and high
BCS. In our present study, the adequate-BCS cows
showed a significantly lower mean glucose concen-
tration during the transition period, compared to low-
BCS. It could be suggested that low and adequate-BCS
cows have different energy requirements and energy
utilization during the transition period.

Rocheetal., (2007) have reported that reproductive
performance was affected by BCS. In contrast, some
authors reported that pre-calving BCS was not sig-
nificantly associated with reproductive performance
(Buckley et al., 2003). Godara et al. (2016) found that
postpartum interval to estrous was significantly af-
fected by pre-calving BCS. Chapel et al. (2017) have
shown that cows with BCS>3.75 had worse reproduc-
tive performance than optimal BCS (3.5-3.75). Addi-
tionally, BHB concentrations are related to decreased
reproductive performance (Walsh et al., 2007). Ovari-
an activity and the immune system are also adversely
affected by the lower concentrations of glucose and
higher concentrations of BHB (Lucy et al., 2014). Le-
roy et al. (2006) further suggested direct toxic effects
of BHB on ova maturation. The elevation of free rad-
icals as well as BCS and BHB levels have a negative
effect on all body systems including the reproductive
performance (Megahed et al., 2008). Higher oxidant
levels in serum and follicular fluid was associated with
infertility in women (Ozkaya and Naziroglu, 2010).
In addition, it has been reported that oxidative stress
is negatively correlated with ovarian oestradiol-17f
concentrations (Appasamy et al., 2008) and this sit-
uation may result in ovarian disfunction. The results
of the present study were in accordance with these
studies. We found that the calving-to-estrus interval,
the calving-to-conception interval and the insemina-
tion index (rate) were higher in low-BCS cows that
exhibited high levels of MDA and BHB, low levels of
GSH-Px and glucose.

CONCLUSION

It is known that either high or low-BCS affects
cow health, oxidative balance, and fertility. Our find-
ings suggest that low-BCS cows had worse oxida-
tive status, metabolic profiles and lower reproductive
performance than adequate-BCS cows. Accordingly,
different feeding strategies such as antioxidant sup-
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plements should be utilized for low-BCS cows to im-
prove their metabolic and oxidative status.
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Effect of ghrelin peripheral administration on growth performance, carcass
quality, and selected serum parameters in broiler chickens
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ABSTRACT. The aim of present study was to investigate the short-term and long-term effect of the peripheral admin-
istration of ghrelin on the growth performance (feed intake, weight gain, and feed conversion ratio), carcass quality, and
selected serum biochemical (glucose, total cholesterol, triglyceride, and total protein) and hormonal (T, T,, and corti-
costrone) indices in broiler chickens. 240 one-day-old broiler chickens were selected, and allocated into three treatment
groups (control and two experimental groups). On day-21 of the rearing period, ghrelin was peripherally administrated
to three experimental groups. The control group contained birds without any administration of peptide or solution,
groups G50 and G100; included birds with Ip-injection of 50 and 100 (ng/100g BW) ghrelin peptide, respectively. The
peripheral administration of exogenous ghrelin did not affect feed intake, body weight gain (BWGQG), feed conversion
ratio (FCR) and carcass characteristics in broiler chickens. In short-term samples taken 12h after ghrelin infusion, the
glucose level was increased in ghrelin-treated groups (162 and 151 mg/dl in G50 and G100 compared with 117 mg/dl
in control; P< 0.01) and there were significant declines for TC, triglyceride, and TP in the ghrelin-treated groups (G50
and G100) compared with the control. In addition, long-term glucose level has a greater value in G50 and G100 (182
and 200.66 mg/dl) compared with control (133.60 mg/dl) group (P<0.01). A significant decline was also observed for
TC and triglyceride content in the ghrelin-treated groups (P<0.05). There was no significant difference among groups
for TP in short-term and long-term samples. There was a significant increase for T4 in ghrelin-treated groups (G50 and
G100) compared with the control (4.55 and 4.57 ng/ml vs 4.20 ng/ml respectively; P< 0.05) in long-term samples. In
conclusion, the peripheral administration of ghrelin in broiler chickens, during the commercial rearing period did not
affect the overall growth performance, carcass quality and feed conversion ratio. The infusion of exogenous ghrelin
may increase the levels of serum glucose, decrease total cholesterol and triglyceride, and T, levels are increased in the
long-term (and not in the short-term or 12h after administration).
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INTRODUCTION

hrelin is one of most discussed regulatory pep-

tide in the recent two decades (Kojima et al.,
1999; Benso et al., 2013; Pradhan et al., 2013). Due
to its multifaceted properties, ghrelin is the one of
multifunctional peptides with strong effects on endo-
crine axes (Kluge et al., 2010; Spencer et al., 2012),
oxidative system, appetite (Inui et al., 2004; Klok
et al., 2007), and growth performance (Ukkola and
POykko., 2002; Dimaraki and Jaffe, 2006), although
not limited to these functions. Ghrelin has general
(same) and specific functions in various species of
animals (mammalian and non-mammalian), especial-
ly in birds (Kaiya et al., 2009, 2013; Tachibana and
Tsutsui., 2016). In addition, the peptide structure of
ghrelin can be different in animal species (Kojima et
al., 2008).

The identification of chicken ghrelin by Kaiya et
al. (2002) resulted in several scientific debates, due
to the different effects of ghrelin on feed intake in
avian species (Saito et al., 2002; Kaiya et al., 2013;
Tachibana and Tsutsui., 2016). Ghrelin gene expres-
sion, density of ghrelin immunopositive cells, and the
peripheral ghrelin level in chickens vary according to
age (Yu et al., 2016) and feed additives (Poorghasemi
et al., 2018). Ghrelin is known to serve as biological
signal of energy utilization and is involved in energy
homeostasis in broiler chickens (Song et al., 2018).

Administration of ghrelin with peripheral and cen-
tral methods in chicken is evident in numerous studies
(Geelissen et al., 2006; Oclon and Pietras., 2011; Ze-
ndehdel and Hassanpour., 2014). it generally reduces
feed intake (hypophagia) in broiler chickens, howev-
er, in none of these studies, the performance and car-
cass quality of chicken were investigated. In a study
with in ovo (pre-hatching) administration of ghrelin in
chicken, a significant decrease in post-hatching feed
intake was observed (Lotfi et al., 2013). However, af-
ter a post-hatch treatment the results were different
(Kaiya et al., (2007), since plasma ghrelin levels in
laying hens were not affected by its administration.
Also in other study, the plasma level of ghrelin was
not correlated with the laying-performance of lay-
er-type birds (Hohne et al., 2017).

On the other hand, the effects of peripheral ghrelin
administration in poultry species is not completely
similar; for example in domestic geese (Anser ans-
er domesticus) results in an increase of feed intake
during the growing period (Aghdam Shahryar and

Lotfi., 2015), a finding that is in contrast with that of
Oclon” and Pietras, (2011) and Lotfi et al., (2013) in
broiler chickens.

Interestingly, the administration of ghrelin antag-
onist ([D-Lys3]-GHRP-6), decreased feed intake, and
increased plasma T, in chicken (Aghdam Shahryar
and Lotfi., 2016). Taking into consideration the dif-
ferent effects of ghrelin in birds, it seems that several
mechanisms involved in ghrelin activity, and this pep-
tide affects endocrine-axes, such as hypothalamo-pi-
tuitary-adrenal and hypothalamus-pituitary-thyroid
axis (Oclon” and Pietras, 2011; Kluge et al., 2010).

In literature, the effects of ghrelin on hormonal
parameters of poultry species are relatively similar,
and there is no considerable difference among poultry
species. In detail, the administration of ghrelin causes
temperate insulin decreases in geese (hyperglycemic
effect; Aghdam Shahryar et al., 2014), and in new-
ly-hatched broiler chicks (Lotfi et al., 2011), and it
may cause an increase of thyroid hormones levels in
poultry species, especially in chickens and domes-
ticated turkey (Aghdam Shahryar and Lotfi., 2013;
2017).

In overall, although several studies have been
conducted examining the effects of ghrelin in poultry
species, the effect of peripheral administration of ex-
ogenous ghrelin on broilers’ growth performance pa-
rameters such as feed intake and carcass quality have
not been fully assessed. It seems that acknowledge of
the effect of ghrelin on broilers’ performance is neces-
sary for completing ghrelin “puzzle” in poultry. Aim
of the present study was therefore to investigate the
short-term and long-term effects of peripheral admin-
istration of ghrelin on growth performance (feed in-
take, weight gain, and feed conversion ratio), carcass
quality, and selected serum biochemical (glucose,
total cholesterol, triglyceride, and total protein) and
hormonal (T, T,, and corticostrone) indices in broiler
chickens.

MATERIALS AND METHODS

The experiment was conducted at Poultry Farm
of Islamic Azad University, Shabestar Branch (North
West of Iran) in summer 2016.

Grouping, Feeding and Housing

In the present study, 240 one-day-old male broiler
chicks (Ross 308) were selected, and assigned into 3
treatment groups (one control and two experimental
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groups). The treatment included 5 replicates and there
were 16 chickens per replicate. A completely random-
ized design (CRD) was used in this experiment. Diets
included three formulas (Table 1), in accordance to
NRC (1994). The diets and fresh water offered ad libi-
tum to birds. The ambient temperature was gradually
decreased from 32 °C on day 1 to 24 °C on day 20
and was then kept constant. The lighting program was
provided as 23h L:1 h D throughout the study.

Table 1. Ingredients and nutrient specifications of experimental
diets

Item Starter Grower Finisher
Ingredient, % 1-10d 11-24d 25-42d
Corn (cp =8.5%) 53.82  54.50 56.08
Soybean meal (cp=44%) 40.00  39.00 37.00
Soybean oil 1.80 2.80 3.50
DCP 1.45 1.18 1.22
Oyster meal ] 1.70 1.47 1.31
Vitamin - mineral premix  0.50 0.50 0.50
DL-Methionine 0.32 0.21 0.14
Lysine 0.16 0.09 -
Salt 0.25 0.25 0.25
Compositions (calculated)

ME (kcal/kg) 2854 2950 3000
Crude Protein% 21.36 21 21
Ca% 0.99 0.86 0.70
P available % 0.49 0.425 0.414
Met + Cys % 1.02 0.89 0.80
Lysine % 1.34 1.19 1.13

Vitamin and mineral premix provided per kilogram of
diet: vitamin A, 12.000 IU; cholecalciferol 1.500 IU;
vitamin E, 30 mg; vitamin K3, 5 mg; vitamin B1, 3 mg;
vitamin B2, 6 mg; vitamin B6, 5 mg; vitamin B12, 30 ug;
Ca-D- panthotenate, 10 mg; folic acid, 0.75 mg; D-biotin,
0.08 mg; Mn, 80 mg; Zn, 60 mg; Fe, 40 mg; Cu, 5 mg; Se,
0.15 mg; Co, 0.1 mg; I, 0.4 mg

On day-21 of the experimental rearing period, one
group was considered as the control while the two
other groups served as the experimental groups and
they were subjected to ghrelin Ip-Injection (Sigma
Aldrich, USA).

The experimental groups were characterized as
follows:

* Group 1 (control): Birds without any adminis-
tration of peptide or solution.

* Group 2 (G50): Ip-injection of 50 ng/100g
body weight ghrelin peptide on day-21.

* Group 3 (G100): Ip-injection of 100 ng/100g

body weight ghrelin peptide on day-21.

Injection procedure

Lyophilized ghrelin powder (rat) was purchased
from Sigma Aldrich Company (G8903, USA). Similar
peptide with chicken ghrelin was used in the present
experiment, in accordance with Saito et al. (2002b).
The powder was solved in distilled water according to
the manufacturer’s instructions. The infused solution
(0.5 ml) was administered to each chicken. Injections
were performed using 30g needle on day 21. The pro-
cedure was carried out in a sterile environment and
in a special injection chamber, according to animal
ethics (Reg. no.7884).

At the end of day 21 (12 h after injection), blood
samples (9 samples/group) were collected from all
groups for the examination and assessment of the ini-
tial effect of the injected solution. The rearing peri-
od continued up to day 42 under commercial rearing
conditions, which were similar to those in the com-
mercial broiler farms.

Data collection and analysis

Feed intake, BWG (body weight gain) and FCR
(feed conversion rate) were recorded for three weeks,
namely from day 21 up to day 42. On day 42 (end
of the rearing period), after measuring the weight of
chickens, additional blood samples were collected
(from the vein of the wing). Blood samples were an-
alyzed to determine the serum thyroid hormones (T,
and T,) and the following biochemical indices: glu-
cose, total cholesterol (TC), triglyceride, total pro-
tein (TP). Measurements were performed by using a
biochemical auto-analyzer with Elisa kits of Pars Az-
moon Company (Biochemical kits, Pars Azmoon Co.
Tehran, Iran) for checking biochemical parameters.
Also, Roche testing kits (12017709122, Roche Ltd.,
Basel, Switzerland) and Chicken CORT ELISA Kit
(MBS701668, MyBiosource, Inc., San Diego, CA)
were used for thyroid hormones, and corticosterone,
respectively.

Carcass traits

On the 42 day of the study, 5 birds from each repli-
cate (pen) were randomly selected and slaughtered by
decapitation. After removal of skin and feather, car-
cass, breast and thigh muscles, liver, and abdominal
fat were weighed individually. Yields were expressed
as the percentage of live BW.
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Statistical analysis

Statistical analysis of the data was conducted us-
ing the GLM procedure by SAS Statistical Analysis
Software (SAS Inst. Inc., Cary, NC, 2000). Signifi-
cant differences among the experimental and control
groups were detected by ANOVA (analysis of vari-
ance) and Tukey test. The probability value was set at
P< 0.05 for checking the statistical significant differ-
ences among groups. The applied statistical model is
the following:

Yij=pn + Ti+ Ejj

Where,

Yij: all dependent variable

u: overall mean

Ti: the effect of ghrelin levels (i=1, 2, 3)

Eij: the random effect of residual

RESULTS

Growth performance and carcass characteristics
The performance of broiler chickens with respect
to feed intake, BWG, and FCR is presented in Table 2.
The results obtained in this study indicate that the pe-
ripheral administration of exogenous ghrelin caused
minor reductions (ns) in feed intake and in BWG (ns)
during the rearing period. Hence, there was no signif-
icant change in FCR, due to ghrelin administration.

In other words, the administration of two different
doses of ghrelin did not cause any effect on the per-
formance of broiler chickens, as illustrated in Table 2.

In Table 3, no significant difference between the
control and ghrelin-treated groups for live weight,
carcass yield, and relative weight of breast muscle,
abdominal fat, and liver (ns) was also observed and
there was only a significant decrease in thigh percent-
age of carcass in the ghrelin-treated groups (P<0.01).

Blood biochemical parameters

In Table 4 (short-term effect), the glucose level
was increased in the ghrelin-treated groups (G50 and
G100) compared with the control (162 and 151 mg/dl
vs 117 mg/dl, respectively; P< 0.01) and a significant
decrease for TC, and triglyceride in the ghrelin-treat-
ed groups (G50 and G100) compared with the con-
trol. Triglyceride levels were lower in G100 group.
In long-term effect (table 5), the glucose level was at
a greater level in G50 and G100 as compared with
the control (182 and 200.66 mg/dl vs 133.60 mg/dl,
respectively; P< 0.01), in accordance with the find-
ings of short-term effects. A significant decline was
observed for TC and triglyceride in the ghrelin- treat-
ed groups (P<0.05). There was no significant change
among groups for TP.

Blood hormonal parameters

In Table 6 (short-term effect), there was no sig-
nificant differences among groups. A trend of lower
T3 and corticosterone and higher T, levels existed in
ghrelin administered groups. In Table 7, (long-term
effect), there was a significant increase for T, in the
ghrelin-treated groups (G50 and G100), compared
with the control (4.57 ng/ml vs 4.20 ng/ml; P< 0.05).
There was no significant difference among groups for
T, and corticostrone.

Table 2. Performance of male broiler chick subjected to IP-injection of ghrelin

Growing period Finishing period

Treatment d1-21 d21-42

h(‘gleg‘;tllgggd]‘;s\;%e Feed intake (z) BWG' (g) FCR®> Feed intake (g) BWG (g) FCR
Intact (control) 0 890.25 55250 1.6l 1471.10 775.30 1.82
G50 50 845.50 54420 1.5 1389.40 768.10 1.81
G100 100 840.20 55340  1.52 1361.30 770.30 1.76
P-value 0.4129 03351  0.0857  0.2341 0.1412 0.0905
SEM 21.29 1514 0.04 20.16 12.20 0.03

'"BWG: body weight gain.
2FCR: feed conversion ratio.
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Table 3. Carcass traits ' of male broiler chick subjected to IP-injection of ghrelin (% of live weight)

Treatments Injection dosage Live weight  Carcass yield Breast muscle Thigh Abdominal fat Liver
(ng/100g BW) (€3] (%) (%) (%) (%) (%)
Intact (control) 0 1903 69.29 25.10 25.30° 1.88 2.99
G50 50 1855 67.04 23.90 23.98° 2.01 2.65
G100 100 1955 69.83 24.27 24.67° 1.95 2.65
P-value 0.2156 0.4017 0.0942 0.004 0.5283 0.0578
SEM 35.22 1.43 0.323 0.11 0.07 0.09

*¢ Values in the same row not sharing a common superscript differ significantly (P< 0.05).
! Carcass traits are presented with percent of carcass weight.
Sample number per organ = 5

Table 4. Serum biochemical indices in male broiler chick subjected to IP-injection of ghrelin in day 21(12 h after ghrelin administra-
tion)

Treatment Injection dosage Glucose Total cholesterol Triglyceride Total protein
(ng/100g BW) (mg/dL) (mg/dL) (mg/dL) (g/dL)
(control) 0 117.00° 191.00° 78.30° 5.03¢
G50 50 162.00° 156.33* 85.332 4.30°
G100 100 151.00° 157.31° 61.00° 4.40°
P-value 0.005 0.0014 0.0022 0.0106
SEM 6.17 4.03 2.80 0.12

*4 Values in the same row not sharing a common superscript differ significantly (P< 0.05).

Table 5. Serum biochemical indices in male broiler chick subjected to IP-injection of ghrelin in day 42

Treatment Injection dosage Glucose Total cholesterol Triglyceride Total protein
(ng/100g BW) (mg/dL) (mg/dL) (mg/dL) (g/dL)
(control) 0 133.60¢ 192.31¢ 79.62¢ 5.10
G50 50 182.00° 137.65¢ 69.31° 5.00
G100 100 200.66° 168.33° 69.66° 4.80
P-value 0.001 0.02 0.0313 0.0893
SEM 3.73 4.06 2.08 0.14

*¢ Values in the same row not sharing a common superscript differ significantly (P< 0.05).

Table 6. Some of serum hormones indices in male broiler chick subjected to IP-injection of ghrelin in day 21(12 h after ghrelin ad-
ministration)

Treatment Injection dosage (ng/100g BW) T3 (ng/mL) T4 (ng/mL) Corticosterone (ng/mL)
(control) 0 2.16 4.10 4.83
G50 50 1.73 4.63 3.96
G100 100 1.80 4.53 4.43
P-value 0.0544 0.0673 0.076
SEM 0.16 0.21 0.32

Table 7. Some of serum hormones indices in male broiler chick subjected to IP-injection of ghrelin in day 42.

Treatment Injection dosage (ng/100g BW) T3 (ng/mL) T4 (ng/mL) Corticosterone (ng/mL)
(control) 0 1.70 4.20° 593
G50 50 1.53 4.55° 4.80
G100 100 1.66 4.57 4.83
P-value 0.1517 0.0250 0.081
SEM 0.05 0.19 0.43

*¢ Values in the same row not sharing a common superscript differ significantly (P< 0.05).
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DISCUSSION

As already pointed out, ghrelin is mainly consid-
ered as a “hunger signal” in chicken, similar to its
function in mammalian systems (Kaiya et al., 2007,
2013). This function is referred to the endogenous
ghrelin (Kaiya et al., 2002, 2007) and is possibly not
connected with the peripherally administered exoge-
nous ghrelin that was applied in the present study. The
administration of exogenous ghrelin has different ef-
fects on appetite or feed intake in chickens (Stimula-
tion/No effect/Inhibition) as reviewed by Kaiya et al.,
(2013). Tachibana et al., (2011) reported that feed in-
take is not affected by the administration of ghrelin in
neonatal broiler chicks, whereas Buyse et al. (2009)
found that peripherally injected ghrelin inhibited feed
intake. In the present study (table 2), feed intake was
not affected by ghrelin-administration, and there was
no significant effect on the growth performance or
feed conversion ratio. Therefore, the present findings
are in accordance with the results of Tachibana et al.
(2011), who stated that the administration of ghrelin
did not affect feed intake. In a recent study conducted
by Hohne et al. (2017) on laying hens and also in a
study of our research team in geese (Aghdam Shahr-
yar and Lotfi, 2015), peripheral ghrelin administration
did not affect energy demands or feed intake at whole
growing period or at least finishing rearing-period. It
appears that in agreement with Kaiya et al., (2013),
only central-/ or endogenous- ghrelin may have a
significant effect on appetite (feed intake) regulation
in birds, and not exogenous or peripherally-adminis-
tered ghrelin, especially in finishing rearing-period of
chickens. Conversely, exogenous -(or administered)
ghrelin may play a potential role in appetite regula-
tion, only in the growing period (before d 21). In the
studies of Buyse et al. (2009) and Lotfi et al. (2013) in
neonatal chickens, the infusion of exogenous ghrelin
significantly affected subsequent feed intake and me-
tabolism.

These findings indicate that the endogenous
ghrelin system may be completely developed in a lat-
er period and is not affected by peripherally-adminis-
tered excessive ghrelin. This hypothesis is in agree-
ment with the findings of Hohne et al. (2017), who
found that plasma ghrelin has no significant effects on
energy status and performance of layer-type chickens.

As indicated, there were significant short-term in-
creases for glucose, and decreases in TC, triglyceride,
and TP levels in groups subjected to ghrelin-adminis-
tration (table 4). On the other hand, TP level did not dif-

fer among experimental groups on day 42 (ns; table 5).

The infusion of ghrelin that is one of the key reg-
ulatory peptides in glucose metabolism (Vestergaard.,
et al., 2008; Delhanty and Van der lely., 2011; Deza-
ki., 2013) may cause notable elevation in serum glu-
cose levels.

Lotfietal. (2013) showed a hyperglycemic effect of
in ovo-administered ghrelin in newly-hatched chicks.
It seems that the up-regulation of plasma glucose lev-
el due to ghrelin infusion is a physiological pathway
to obtain energy for hemostasis in birds (Geelissen et
al., 2006; Lotfi et al., 2013; Aghdam Shahryar et al.,
2014). Therefore, the findings of the present study for
glucose level in both short- and long-term samples is
in agreement with the regulatory effect of ghrelin on
glucose metabolism. On the other hand, reduction in
the levels of lipidemic indices (TC and triglyceride)
in the present study (table 4 and 5) revealed the lip-
olytic effect of ghrelin, which was reported in new-
ly-hatched chicks by Buyse (2009). In this regard,
molecular studies showed that the infusion of exoge-
nous ghrelin may stimulate the mRNA expression of
lipolytic genes in birds (Furuse et al., 2001; Geelissen
et al., 2006; Buyse et al., 2009; Ocelon and Pietras.,
2011; Kaiya et al., 2013). Ghrelin may trigger lipoly-
sis to obtain energy and glucose for homeostasis in
broiler chickens, as suggested by Briggs and Andrews
(2011).

In accordance with the findings of the present
study, T4 as a main thyroid hormone and as a hor-
mone which plays a key role in metabolism (Kim,
2010) increased significantly in the groups treated
with ghrelin as a long-term result (table 7), whereas
the thyroid hormones did not differ in the short-term
samples (table 6). It has been reported that the admin-
istration of ghrelin might cause an increase in fT, and
there was a direct effect of ghrelin on the activity of
the thyroid gland (Benso et al. 2013). Our previous
study on newly-hatched chickens showed that an in
ovo administration of ghrelin caused an increase in T,
(Aghdam Shahryar and Lotfi., 2013) and in anoth-
er study on domesticated turkey (Aghdam Shahryar
and Lotfi., 2017), the peripheral-administration of
ghrelin caused a significant increase in the T4 long-
term levels. Also, similar results were reported in ru-
minants by Khazali (2005). A possible mechanism for
this stimulatory effect on the level of T, could be cor-
related to the direct effect of ghrelin on the hypothala-
mus-pituitary-thyroid (HPT) axis (Kluge et al., 2010).
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CONCLUSION

In conclusion, the peripheral administration of
ghrelin in broiler chicken, during the commercial
rearing period did not affect the overall growth per-
formance, carcass quality and feed conversion ratio.
However, it may increase the levels of serum glucose,
and decrease the total cholesterol and triglyceride
levels. In serum hormones, T, increases in the long-
term (and not in the short-term). It seems that ghrelin
affected and stimulated the hypothalamic - pituitary -
thyroid axis and subsequently increased the levels of
T,. This mechanism indicated that exogenous ghrelin
might increase metabolic rate and regulate lipogen-
esis in birds, whereas it is insufficient to affect feed
intake or the total growth performance. These find-
ings indicate that the endogenous ghrelin system may
have been developed in an earlier period and it is not
affected by the peripheral-administration of exces-

sive ghrelin. Also, the possible effect of ghrelin on
appetite/ feed intake in chicken, may only be consid-
erable in the earlier period (growing period: d 0-21)
as reported in the related literature. In a comparative
term- it can be suggested that ghrelin has some similar
and some various physiological effects in difference
species of poultry, also been mentioned in the reviews
by Honda et al., (2017) and Kaiya et al., (2013). Also,
with attention to the temperate or weak metabolic ef-
fect of peripherally-administered exogenous ghrelin
in mature chickens (finishing period), the adminis-
tration of exogenous ghrelin cannot be useful during
commercial rearing, in terms of performance. Fur-
ther studies are warranted for the full elucidation of
ghrelin activities.
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INTRODUCTION

he number of studies using live animal is increas-

ing day by day in order to get the most realistic
results in many areas, especially in health and sci-
ence (Genc, 2017). Alive animal model is the best
model that can best reveal the cell, tissue, organ and
system integrity. However, the fact that alive animal
model is accepted as an appropriate model depends
on the health status of the animals. The selection of
healthy animals and the monitoring of their health sta-
tus during the research are also dependent on many
external factors and one of them is nutrition (Faith
and Hessler, 2006). Inappropriate changes in feeding
dynamics of laboratory animals cause physiological
and behaviorally rapid and evident reactions, and may
also prevent the healthy conduct of research. Thus,
the result of the experiments may also be affected by
this situation. That is why, alive animals used in re-
search are subject to internationally accepted feeding
procedures and fed (Barnard et al., 2009) with the
well known and appropriate diets.

Commercial diets are collected under three main
headings based on the principle of nutrition of labora-
tory animals, production methodology and reporting
of nutrient content: open, closed and fixed-formulas.
All nutrients and energy values contained in diets with
open-formula are presented in numerical form, while
other diets do not provide this information (Barnard
et al., 2009). Open-formula diet manufacturers can
prepare dietary formula to meet different requirements
of the researchers’ needs. On the other hand, because
their content are not indicated barely, other commer-
cial formulations, impose a limitation on the use of
diets of these formulations in order not to adversely
affect animal health and research outcome. Due to the
heat sterilization process that is still widespread in the
production of laboratory animal diet, protein levels are
kept high during production because of high levels of
nutrient loss (Barszcz et al., 2014; Bielohuby et al.,
2010; Schaafsma, 2005). Ten to fifteen percent of the
energy taken from a normal diet comes from proteins.
However, in the case of high-protein diet, this rate in-
creases to 20-30% (Plantenga et al., 2009). High pro-
tein with carbohydrates also increases the activity of
glucagon-like peptide-1 (GLP-1) which provides insu-
lin release (Lejeune et al., 2006; Plantenga et al., 2009)
thus, the feeling of satiety increases. The same effect
is explained (Veldhorst et al., 2008; Plantenga et el.,
2009) primarily by the increase in oxygen consump-
tion and body temperature, formation of lack of oxy-
gen, and consequently in the feeling of saturation. As

the type and amount of nutrient contents of diets to be
used in the study may affect the metabolism, develop-
mental levels, hormonal patterns and behaviors of an-
imals; it is important that, these parameters are known
by the researchers in advance and can be changed.

In some countries, pellet feed production mostly
address the ruminant and poultry sector. Due to com-
mercial and economic production practices, production
of at least 1-2 tons per factory in each batch can not
meet the need for different types of research and di-
etary requirements of 20-25 kg in laboratory animal
trials (Genc, 2017). In such a case, the researchers are
making improper manipulations in diets with “stan-
dard” characteristics to form different dietary groups.
The variety of feed materials used in the production of
laboratory animal diets may create differences in nutri-
ent composition. Even if the nutrient values of the diets
are provided at an appropriate level, the differences in
macro and micro nutrient levels may affect the animal
health and performance (Andreoli et al., 2016; Nagano
et al., 2016; Ronis et al., 2016; Geng, 2017). The diets
produced with closed-formula -those are not reporting
of micro-nutrients and raw materials or not conforming
to the standards- appear to be a greater risk to influence
the result of the research. Yet, there are studies report-
ing that micro-nutrients may have an effect on the fetus
during DNA methylation stage, especially with inade-
quate or unbalanced intake in the fetal period (Mc Kay
et al., 2012; Vanhees et al., 2014).

The aim of this study was to determine the nutri-
tional profile and nutritional effects of standard mice
and rat diets produced with open and closed formula
obtained from three different sources in an in vivo trial.

MATERIALS AND METHODS

All procedures that were used on animals in this
research had been approved by Ondokuz Mayis Uni-
versity Animal Experimentation Ethics Committee
with Ethics committee acceptance number: 2017-40.

Data on the number of animals used to form the
research groups is given in Table 1. In this study,
S-week-old 32 Wistar rats consuming group feeds
with their mothers since the birth to the end of wean-
ing period (0-5 weeks) were used.

After the weaning (5" week), 4 male and 4 female
rats were selected randomly from each mother rat and
feeding was continued with 1 control and 3 experi-
mental groups with 8 animals per group. Mothers and
other offspring were excluded from the study after 5%
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week. The study was carried out until the rats reached
to the 12 weeks old by taking into consideration the
age and body weight of adult rats. Animals of both
sexes were used to eliminate the gender factor. After
the formation of the groups, male and female animals
were fed their own group diets in different cages.

Before the study, each mother was fed with group
feed for 10 days in advance. Number of mother (n), lit-
ter (n) and litter size (n), female and male rat ratio (n/n)
of the groups between 0-5" and 6™-12" weeks of study
and G-power analysis values prior to forming groups
were given in Table 1. The number of animals used was
determined with the G-Power test by reference to a pre-
viously conducted similar study (Idoko et al., 2015).

Diets in all groups were preferred to identify diets
produced as standard mice and rat feeds. The control
group has an open-formula and was prepared by a
commercial company in accordance with the char-
acteristics reported in the NRC (1995). The control
group diet ration contains soybean meal, bonkalite
(wheat), corn, rice bran, calcium carbonate, molas-
ses, soybean oil, dicalcium phosphate, salt (NaCl),
vitamin-mineral premix, probiotic (Saccharomyces
cerevisiae), and mycotoxin binder. The diet of the
first experimental group was formed by a globally
preferred open-formula commercial diet consist of
wheat, dehulled extracted toasted soya, wheatfeed,
barley, dehulled cooked soya, soya oil, calcium car-
bonate, dicalcium phosphate, salt (NaCl), and vita-
min-mineral premix supplement. The diet of the 2™
group was formed with a closed-formula based on
cereals, oilseed residues, bonkalit, calcium carbon-
ate, saccharose, alfa alfa meal, pellet binder, choline,
salt, antioxidant and vitamin-mineral premix and sold
by an international company. The 3™ group’s diet is
a closed-formula product of a company that sells in
the local market and based on soybean meal, wheat,
corn and vitamin-mineral premix. The feedstuffs of
the experimental groups were given as declared by
the companies. The nutrient contents of all diets are
given in Table 2.

The animals were born in Ondokuz Mayis Uni-
versity Experimental Animal Research and Applica-
tion Center and were housed in standard plexiglass
cages at 20 - 23 °C heat, 50-60% humidity and 12
hours light and 12 hours dark conditions. Wood chips
were used as bedding material in all groups during the
study. Throughout the research, water and diet were
provided as ad-libitum.

Nutrient analysis

The nutrient analysis of the control and experimen-
tal groups’ diets used in the study was carried out at
the Ondokuz May1s University Faculty of Veterinary
Medicine, Department of Animal Nutrition and Nutri-
tional Diseases Laboratories. All groups consumed dry
matter (DM), nutrient levels (crude ash (CA), crude
protein (CP), crude cellulose CC)) determined accord-
ing to Weende (AOAC 2012), while the ether extract
(EE) level was determined by Soxhelet extraction
device according to the method reported by Keskin
(1975). Metabolic energy (ME) value was determined
according to the formula reported by Yal¢in (2011).

ME, MJ/kg DM = (0,01465 x crude protein) +
(0,03558 x ether ectract) + (0,01465 x Nitrogen - free
substance)

The nutrient analysis values were compared with
the companies’ own statements (Table 2).

Evaluation of performance and internal organ
parameters

Weekly measures of individual body weights of an-
imals were performed with A&D Weighing GF 3000
Balance (0.01g readability). The daily intakes of the
group’s diet were carried out by group weighing week-
ly. Body weight gain and feed consumption were cal-
culated from the difference of weight value from the
previous week. In the postmortem period, the weights
of the internal organs (heart, liver, spleen, stomach and
intestines) and the length of the digestive tract sections
were evaluated with A&D Weighing GF 3000 Balance
(0.01g readability) and tape measure respectively.

Histopathological examination

At the end of the study, all rats were euthanized
with appropriate anesthetic (Ketamine 150 mg/kg +
Xylazine 30 mg/kg body weight) and intestinal or-
gans were taken in accordance with proper asepsis
and antiseptic rules. The intestines taken under ap-
propriate conditions were fixed for 12-24 hours in the
10% formaldehyde solution and were passed through
the routine histological tissue follow-up procedures
and embedded in paraffin. Section in Sp thickness
taken from organs which were dried in drying oven
and Crossmon’s (1937) tripple staining method was
applied in order to see the normal histological struc-
tures of the intestines. Heigth of intestinal villi and
depth of crypts were measured. Preparations were
photographed with The Nikon digital-sight imaging
system and the Nikon 501 research microscope.
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Table 1. Number of mother (n), litter (n) and litter size (n), female and male rat ratio (n/n) of the groups between 0-5" and 6-12'" weeks
of study and g-power analysis values prior to forming groups.

0-5 weeks 6-12 weeks
Mother (Group) Litter Litter size Female/Male Female/Male
Control 1 9 5/4 4/4
1 1 11 6/5 4/4
2 1 12 4/8 4/4
3 1 9 4/5 4/4

g-power: 6=0.05; 1-B= %80; n’=8 (Estimation of approximately unit number in study).

Table 2. Dry matter (DM) (%), crude ash (CA) (%), crude protein (CP) (%), ether extract (EE) (%), crude cellulose (CC) (%), and

metabolic energy (kcal/kg ME) values of diets.

Diet DM CA CP EE CC ME
A B A B A B A B A B A B
Control  92.0 92.0 8.0 8.0 24.0 24.0 3.0 3.0 4.0 4.0 2920 2920
1 92.0 93.0 7.0 6.9 20.0 19.1 2.0 4.7 4.0 3.8 2906 2921
2 92.0 92.5 6.0 6.1 20.0 19.2 4.0 4.1 7.0 6.1 2937 3226
3 92.0 93.0 7.0 7.2 19.0 24.0 2.0 4.7 6.0 13.0 2830 2600

A: Nutrient values reported by the diet companies. B: Nutrient values found in the feed analysis.

Statistical Analysis

In this study, the conformity of the data to normal
distribution was determined by Kolmogorov Smirnov
test. After the weaning of the control and experimen-
tal groups, the body weight values from 6 to 12 weeks
old age, feed consumption, weight and length of some
organs and the histological values of organs were an-
alyzed by using variance analysis. TUKEY HSD test
was used for the importance control of the difference
between the groups.

RESULTS

Nutrient analysis and Metabolic Energy values
The nutrient contents of the diets and the results of
the analysis of energy values (A) are given in Table
2 and compared with the declaration of the compa-
nies (B). The percentage values of nutrients and ME
values reported by the companies in the diets of the
research groups were found different from the results

of the analyzes. The difference in CP value was ac-
ceptable in the 1% and 2" trial groups, but was high
in the 3™ trial group. Ether extract percentages were
found higher than the values reported in all experi-
mental groups. In the 1% and 2™ trial groups, it was
found that the values of CC were close to the reported
values but in the 3™ trial group, the values reported
were more than doubled. Metabolic energy values
were found close to those reported in the first group
diet with an open formula, higher than those reported
in the second group diet and much lower than those
reported in the third group.

Performance Parameters

The weekly amount of feed consumption after
weaning (6"-12" weeks) is given in Table 3. The
highest feed consumption was observed in the ani-
mals fed with the 3™ group diet and the lowest feed
consumption was observed in the animals fed with the
2" group diet.

Table 3. Weekly feed consumption (FC) (g) values of groups (n = 8) from 6 to 12" week.

Groups
Week Control Group 1 Group 2 Group 3
6 1195 1115 980 865
7 1256 1195 1007 901
8 1300 1213 1098 1265
9 1348 1299 1176 1365
10 1400 1365 1256 1456
11 1489 1402 1398 1501
12 1545 1490 1450 1605
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Table 4. The weekly body weight (BW) values of the control (n=8) and experimental groups (n=8) from 6" to 12" week (Mean + SE).

Groups
Week Control Group 1 Group 2 Group 3 P value
6 120.87+3.22 95.1249.61 97.87+2.83 92.25+4.19 0.005
7 150.87+8.37 114.12+11.07 120.12+3.07 107.75+4.67 0.002
8 179.12+12.39 133.50£16.06 133.00+3.04 117.37+5.80 0.002
9 195.87+14.94 159.62+16.00 136.25+3.73 129.25+8.73 0.002
10 207.00+16.13 180.50+20.94 142.62+5.29 145.75+9.50 0.10
11 217.37+17.89 204.754£23.69 150.00£9.77 165.12+10.49 0.022
12 230.12+18.88 228.754+26.49 168.7549.16 183.00+14.43 0.50
Table 5. Internal organ weight (g) and length (cm) values (Mean + SE) in groups (n=8)
Groups’ Weight (g)
Internal organs Control Group 1 Group 2 Group 3 P value
Heart 0.78+0.05 0.84+0.04 0.66+0.03 0.69+0.02 0.016
Liver 10.38+1.01 9.97+0.82 7.74+0.46 7.50+0.44 0.014
Lien 0.58+0.03 0.59+0.04 0.43+0.02 0.44+0.02 0.002
Stomach 1.30+0.04 1.474+0.08 1.21£0.05 1.41+0.05 0.026
Small intestine 8.72+0.33 7.63+0.13 7.56+0.14 7.06+0.32 0.001
Large intestine 3.03+0.14 2.66+0.12 2.92+0.10 2.96+0.13 0.230
Length (cm)
Small intestine 105.93+1.83 107.004£2.91 100.27+1.97 100.75£1.99 0.085
Large intestine 20.31+0.74 20.62+0.95 20.62+0.99 21.37+0.30 0.812

Table 6. Small intestine crypts (SC) depth (um), small intestine villi (SV) heigth (um) and large intestine crypt (LC) depth (um) values

(Mean + SE) of the groups (n = 8).

Groups
Crypt & villus Control Group 1 Group 2 Group 3 P value
SC 84.11+2.79 69.70+4.46 78.66£1.56 81.85+4.13 0.032
SV 634.29+48.80 434.08+31.73 350.95+26.60 478.36+12.81 0.000
LC 154.42+12.32 138.8545.95 164.31+£13.74 170.55+6.39 0.164

The weekly body weight changes of the groups
after the weaning are given in Table 4. At the end of
the experiment, it was observed that the body weight
values were significant (P<0,05) at the 6%, 7%, 8t 9t
and 11" weeks, and the difference between the control
group and the 2™ group at the 12" week was statisti-
cally significant (P<0,05). In groups, hierarchy fights
and related stress symptoms were observed at the 8%
and the 10" weeks. However, no serious injuries and
deaths were observed in the groups.

Internal organ weight and length values are giv-
en in Table 5. Heart, liver, spleen, stomach and small
intestine weights were significantly different between
groups (P<0.05), while large intestine weight and
length of both intestines did not make a significant
difference between groups (P>0.05).

Histopathological Findings

At the end of the experiment, the small intestine
crypt (SC), large intestine crypt (LC) depths and small
intestine villi (SV) heigth of the groups were mea-
sured and given in Table 6. Images of intestinal villi
and crypts of control and experimental groups giv-
en in Figure 1. Small intestine villi heigth and crypt
depth were found significant (P<0,05) and among
the groups, the highest villus heigth and crypt depth
were found in the control group. Crypts lenghts of the
large intestine did not make a significant difference
between the groups (P>0.05). No pathological finding
was observed in the internal organs and intestines in
any group.
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Figure 1. Images of intestinal villi and crypts of control and ex-
perimental groups.

A: Control group small intestine; B: Control group large intestine;
C: 1. group small intestine; D: 1. group large intestine; E: 2. group
small intestine; F: 2. group large intestine; G: 3. group small in-
testine; H: 3. group large intestine, Crossmon’s Trichrome Stain.
*: crypt, arrow: Villus intestinalis, Bar: 100pum.

)

DISCUSSION

The standard mouse-rat diets, obtained from three
commercial firms, have different levels of nutri-
ent content (Table 2). The use of different raw ma-
terials in the diets as a source of energy and protein
naturally give rise to such a result. In addition, the
given percentages of nutrient contents and metabol-
ic energy values of the research diets by the compa-
nies were found different from our research analyzes.
This finding is in agreement with the results obtained
from Barnard et al. (2009)’s research, in which dif-
ferent standard diets were formed using different raw
materials. If the rations where natural raw materials
are not purified, the plants in the same harvest period
have significant potential (P<0.05) in nutrient values
in different batches and have the potential to affect the
physiological parameters of animals (Thigpen et al.,

2004; Thigpen et al., 2007). Although the crude pro-
tein content in research diets is within the legal limits
according to NRC (1995), the fact that the diets char-
acteristics stability should be considered in the studies
to ensure the repeatability of the study.

During the period between 6" and 12" weeks when
individual weighing was made, feed loss was higher
due to the natural feeding behavior observed in ro-
dents. Due to the continuous extension of the incissive
teeth of rodents, their diets are made of hard feeds in
the form of pellets and are important in terms of dental
health. However, in the conventional feeding method,
feed residues are produced which are not consumed
during the gnawing of pellet feed and these residues
are taken together with the litter and feed consumption
among the groups does not show homogeneity. For
these reasons, feed consumption value is not a suffi-
cient parameter in the evaluation of nutritional perfor-
mance of rodent laboratory animals. Thus, feed con-
sumption rate values were not evaluated in this study.

The body weight gain was at the highest level in
the control group for each week, but only the 10"
week was statistically insignificant (P>0.05). The dif-
ference on body weight gain between the control and
the 2™ group at the 12™ week was statistically signif-
icant (P<0.05). The animals in the 1* group fed with
the open-formula diet showed that the body weight in-
crease was mathematically closer to the control group
than the other groups. Differences in performance val-
ues may be caused by unspecified raw material sourc-
es in the diets of the manufacturing company with
closed-formula or lack of macro-micro nutrients. In a
study, Pichon et al. (2008) investigated the effects of
different protein sources on dietary consumption and
body weight gain. It was shown that body weight gain
and dietary consumption were significantly (P<0.05)
lower in rats fed with a diet containing beta lactoglob-
ulin than those fed with dietary alpha lactoalbumin.
Faipoux et al. (2008) showed that protein-related sat-
uration sensation is provided with vagal feedback.
Because of the similarity (Plantenga et al., 2009) of
saturation between the groups in case of dietary nutri-
tion with a high level protein or amino acid source, the
effect of other parameters in the diet may be covered.
Bowen et al. (2006a; 2006b) in their research on the
effects of high-carbohydrate diets showed that there
was no difference in dietary consumption between the
groups fed with high casein and wheat protein. Yiiriik
(2014) pointed out that, the metabolism of active sub-
stances used in research should be well known and
reported that, feed consumption of animals fed with
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diets using fructose as a source of energy is similar to
rats fed with other standard diets.

It is reported (Garlick et al., 1991; Tome, 2004)
that, the rats can distinguish between the taste of some
essential amino acids and their dietary consumption
varies depending on the presence of these amino ac-
ids. The presence of such a detection mechanism also
emphasizes the physiological importance of provid-
ing a sufficient amount of protein synthesis (Planten-
ga et al., 2009) and its effect on feed consumption.

Diets should be fed to animals after being analyzed
and reported for antinutritional substance contents. Most
of the diets with closed-formula have no antinutritional
substance report. The phytoestrogen levels, which are
one of these substances, may differ between the raw ma-
terial of the plant during the same harvest period. Phy-
toestrogens can be effective on feed and water consump-
tion, anxiety behaviors, stress, insulin, leptin and thyroid
hormone levels. (Lephart et al., 2004; Torre et al., 2008).

The effects of protein and fat imbalance on growth
performance can also be affected by gender factor. It
has been reported in a study (Bellinger et al., 2005)
that low protein intake causes less fat consumption in
female offspring but no such effect has been observed
in males. Krishnakumari et al. (1979) reported that the
rats consuming the diets prepared by using different
raw materials consume more delicious ingredients. It
is reported (Kasaoka et al., 2004) that high levels of
histidine in diets may reduce dietary consumption.

Studies on the effects of standard diets on internal
organ weights, lengths and development of intestinal
villi and crypt are very limited. In our study, it was
observed that the liver and small intestine weights
were highest in the control group (P<0.05), and the
heart, spleen and stomach weights were highest in the
I** group (P<0.05). According to Bailey et al. (2004)
liver weight value is the most proportional among the
internal organs to the body weight value. Findings in
our study are in compliance with this information that
the highest liver weight is in the control group with the
highest body weight value. Small intestines in diges-
tive system are the highest (P<0.05) in control group.
These results may be explained by the fact that they
consume the control diet, which is prepared under
control due to the right and balanced requirement of
nutrients. Belobrajdic et al. (2014) reported that there
was no significant effect on internal organ weights
(P>0.05) in rats consuming open-formula diets con-
taining different protein sources. The different results
and notifications between experimental studies can be

caused by the fact that animals are of different strains
and genders. Physiological and anatomical individual
differences in outbred strains such as Wistar are quite
common. Therefore, it can be said that inbred strains
are more suitable for performance studies.

In our study, the small intestine crypt depth and vil-
lus height were found the highest (P<0.05) in the group
fed with the open-formula control group diet contains
24% CP content. This data is in agreement with the dec-
laration of Pelizzon (2016) on the effects of open-for-
mula diets on the morphology of the intestinal system
in rats and mice. In a study (Syme, 1982) performed
with rats consuming isoenergetic rations, especially
after 4" week, higher protein level effected the intesti-
nal structer, villus heigth and crypt depth improvement
better. Same results reported by King et al.(1983) in a
study performed by rats consumed diet contains differ-
ent levels of aminopeptidase and isomaltase. The effects
of dietary crude protein levels on villus heigth and crypt
depth values are explained by the increase in enterocyte
activity due to the density of amino acids. (Syme, 1982;
King et al. 1983).

Although intestine villi heigth and crypt depth
values showed statistically significant (P<0.05) dif-
ferences, there was no significant difference (P>0.05)
between intestinal lengths. These parameters can be
evaluated with a longer research period.

CONCLUSION

As aresult, it was concluded that open formula di-
ets had a positive effect on body weight gain, small
intestine villi heigth, crypt depth and internal organ
weight in rats during the developmental period com-
pared to the diets produced with closed formula. Based
on the data obtained, it may be suggested that the lab-
oratory animal diets to be used in the research should
be selected from the open formula products whose
nutrient content is specified. Although open formula
diets are more costly, it can be said that, they are more
advantageous than closed formula diets because they
give more positive results on animal development. In
addition, it may be recommended to conduct a longer
term research using other inbred species.
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ABSTRACT. The objective of the study was twofold: (i) to review the genetics of production and resilience traits
of indigenous Greek small ruminant breeds as well as the evolution of national breeding programs, and (ii) explore
innovative and feasible approaches to overcome the challenges and constraints towards improving these breeds and
enhancing the sustainability of the small ruminant sector. Previous studies on the genetic basis of production and re-
silience traits of indigenous breeds revealed high improvement potential. However, the lack of follow-up action has
failed to produce applicable results. Thus, implementation of scientific findings in existing breeding programs for these
breeds is extremely limited. The latter has contributed to the overall poor success of such programs. Furthermore, due
to the fact that most farmers do not comprehend the strategic importance of genetic improvement and lack motivation
for self-funding, breeding programs have mostly relied on European or government funding; the latter has resulted in
intermittent implementation. Therefore, most programs failed to improve performance of indigenous Greek breeds,
many of which were consequently replaced by foreign breeds of higher productivity and documented merit. In order
to facilitate the design of breeding schemes and overcome the challenges towards improvement of indigenous breeds,
an integrative approach is necessary. The latter should be based on identification of specific breeding objectives, re-
flecting the priorities and needs of the sector, as well as the capacity of the indigenous populations. Scientific advances
exemplified by genomic selection and novel reproductive technologies will enable faster and more effective genetic
improvement. The overall approach is expected to enhance the competitiveness of indigenous Greek small ruminant
breeds and the sustainability of the sector.
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INTRODUCTION
Dairy sheep and goat farming is economically im-
portant in Mediterranean countries. It also has
ecological and sociological impact, as it utilizes harsh
and agriculturally low output areas thereby underpin-
ning the sustainability of rural populations (Carta et
al., 2009). Dairy small ruminant farming systems are
quite diverse and mostly rely on natural resources for
grazing. Under these systems, local breeds are con-
sidered the most suitable, as they are well-adapted to
the local environment (Barillet, 2007; Gelasakis et al.,
2010; 2017).

In Greece, small ruminant production dominates
the livestock sector. In 2017, the national flock com-
prised about 8.6 million sheep and 3.8 million goats.
With this population size, the Greek national goat
herd was the largest and the national sheep flock
was ranked fourth among EU-28 countries (Eurostat,
2017a). Small ruminants in Greece are mainly dairy
and their milk is mostly processed into cheese and
other dairy products (Gelasakis et al., 2010). In 2017,
milk production was almost 800,000 tons, which
represented about 57% of the total milk produced
in Greece (Eurostat, 2017b). Based on the latest
available data, annual sheep cheese production was
125,000 tons, rendering Greece the top sheep-cheese
producing country worldwide; whereas, goat cheese
production (40,000 tons) was the fourth largest glob-
ally (FAO, 2014). Meat production, although con-
sidered as a secondary activity, is also highly ranked
among the EU-28 countries. Specifically in 2017,
small ruminant meat production was ranked fourth
(71,500 tons) representing 9.3% of the total EU-28
production (Eurostat, 2017a).

Greek small ruminant flocks are usually reared un-
der semi-intensive or semi-extensive farming systems
with a trend towards intensification (Gelasakis et al.,
2012a; Gelasakis et al., 2017). Adaptation to more in-
tensive farming relies on achieving high ewe and doe
productivity. Despite the fact that indigenous breeds
share a diverse genetic background and have consid-
erable improvement potential (Hatziminaoglu et al.,
1990), national genetic improvement programs have
failed to achieve sufficient genetic gain, resulting in
unprecedented import rates of foreign improved dairy
breeds. In 2016, almost 435,000 sheep (increased by
33% compared to 2014) and 3,500 goats (decreased
by 50%) were imported in Greece from EU countries,
ranking Greece second and fifth regarding import
rates in EU, respectively (European Commission,

2014; 2016).

Replacement of indigenous Greek breeds and un-
controlled crossbreeding with imported sheep and
goats has caused the loss of invaluable autochthonous
genetic material. Hence, population of most indige-
nous breeds has decreased dramatically, while even
commonly used breeds are constantly losing ground.
The objective of the study was twofold: (i) to review
the genetics of production and resilience traits of in-
digenous Greek small ruminant breeds as well as the
evolution of national breeding programs, and (ii) ex-
plore innovative and feasible approaches to overcome
the challenges and constraints towards improving
these breeds and enhancing the sustainability of the
small ruminant sector.

GENETICS OF PRODUCTION AND
RESILIENCE TRAITS

Dairy-related traits

Research outcomes form the pillar of designing
successful breeding programs. Indigenous Greek
small ruminant breeds first gained scientific interest
in the 1980s. The early studies focused on estimating
heritability and genetic correlations of dairy-related
traits (i.e. milk yield, udder traits) and lamb output
of Chios sheep, using pedigree information and phe-
notypic data (Mavrogenis, 1982; Mavrogenis et al.,
1988). Subsequently, genetic studies included more
traits (i.e. milk content, somatic cell count, litter size,
body weight) and sheep breeds (i.e. Boutsko, Sfakia
and Lesvos). These studies showed that improvement
of important traits was possible through selection
(Kominakis et al., 1998; Ligda et al., 2000; Mavro-
genis and Papachristoforou, 2000; Kominakis et al.,
2002; Ligda et al., 2003; Nikolaou et al., 2004). Milk
yield and composition were found to be antagonisti-
cally correlated indicating that selection for one trait
would adversely affect the other (Volanis et al., 2002).
Respective studies on indigenous Greek goats are
limited. A study on Skopelos dairy goats showed that
their milk yield is likely to improve through selection
(Kominakis et al., 2000). All the above traits are im-
portant for dairy small ruminant production. Howev-
er, inclusion of multiple traits in the same breeding
scheme needs further investigation, especially when
traits are genetically correlated.

Following the initial genetic studies based on the
assumption of polygenic inheritance, Chatziplis et al.
(2012) suggested that major genes are likely to be in-
volved in the inheritance of milk traits of Chios sheep.
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The same research team studied the acetyl-coenzyme
A acyltransferase 2 (ACAA2) gene of Chios sheep
and found a single nucleotide polymorphism (SNP)
associated with milk yield (Orford et al., 2012). This
SNP explained most of the milk yield variation in
the same flocks even when analyzed along with 15
microsatellite markers; the latter were located close
to Quantitative Trait Loci (QTL) that were found to
affect milk yield in other sheep breeds (Chatziplis
et al., 2013). Saridaki et al. (2017), performed a Ge-
nome-wide Association Study (GWAS) for total lac-
tation milk yield on records of approximately 500
Frizarta ewes and found significant associations (only
at chromosome level) with three SNPs located on
chromosomes 5 and 23. Further analysis revealed a
QTL related to milk yield, which was located close to
the SNP found on chromosome 23. Another study on
the same dataset, based on haplotype block regression
analyses, identified 9 SNPs (4 of which were located
in genomic areas associated with milk traits in other
breeds) and 11 candidate genes that may be associat-
ed with milk yield and composition of Frizarta ewes
(Saridaki et al., 2019). Interestingly, none of the SNPs
reported in the first study of Saridaki et al. (2017),
were verified in the second, after the alteration of the
analysis protocol.

Another recent study, on the prolactin gene of Chi-
os sheep, revealed a SNP positively associated with
fat content and negatively with milk yield (Miltiadou
et al., 2017). Polymorphisms in the caprine gene en-
coding a  casein (CSN1S1), known to be associated
with goat milk traits (Moioli et al., 2007), have been
studied on Skopelos dairy goats. Findings indicated
that two out of the three most common genotypes
were associated with higher protein and fat content
(Arsenos et al., 2014; Kalamaki et al., 2014). Never-
theless, in all the above studies, sample size was quite
small ranging from 230 to 318 animals; in order to
use SNPs located in genes of interest as markers of
selection for milk traits, the estimated effects need to
be validated in bigger population samples.

Improvement of udder traits became crucial after
the introduction of machine milking in dairy sheep
and goat production. Machine milking efficiency de-
pends on udder morphology, among other parameters
(Marnet and McKusick, 2001). Many direct and in-
direct measurements have been used to describe ud-
der morphology of small ruminants and improve their
milkability (Fernandez et al., 1995; De la Fuente et
al., 1996; Casu et al., 2006). However, the appropriate

udder traits for selection may differ among breeds and
breed-specific studies are necessary to design genetic
improvement programs. Gelasakis et al. (2012b) de-
scribed the udder morphology of Chios sheep using
both direct and indirect measurements, taking into
account relationships with milking efficiency. Strong
correlations among traits were observed indicating
that udder improvement could be based on selection
for only indirect linear traits, which can be assessed
faster at a lower cost. A study on Frizarta sheep re-
ported low to moderate heritability estimates (0.05 -
0.21) for indirect linear udder traits (Kominakis et al.,
2013). Studies on a larger scale are necessary in order
to make safe assumptions for selection of udder traits
in Greek sheep.

Disease resistance

Response to infectious pathogens and susceptibil-
ity to disease are traits exhibiting considerable host
genetic variation (Bishop, 2015). Studies of genetic
variation underlying disease resistance in small rumi-
nants have showed that selection for resistance to cer-
tain diseases is possible (Bishop and Morris, 2007).
Respective studies on indigenous Greek sheep and
goats have focused on scrapie, mastitis, footrot and
nematode resistance.

Scrapie resistance

Resistance to classical scrapie has been associated
with polymorphisms at codons 136 (alanine/valine),
154 (arginine/histidine) and 171 (glutamine/histidine/
arginine) of the ovine PRNP gene in many sheep
breeds (Bossers et al., 1996; Hunter et al., 1996). The
aforementioned polymorphisms are most commonly
combined into five haplotypes; namely ARR, ARH,
ARQ, AHQ and VRQ. Combinations of the above
haplotypes result in many genotypes, which are clas-
sified into five risk groups, according to the Nation-
al Scrapie Plan (Warner et al., 2006). More than 25
PRNP genotypes have been detected in indigenous
Greek sheep indicating high levels of genetic varia-
tion. Genotypes of risk groups 1 and 2, which are less
susceptible to classical scrapie, have been reported
in largely ranging frequencies (4.31 - 40% and 6.7 -
71.4% for risk groups 1 and 2, respectively) in both
purebred and crossbred Greek sheep (Billinis et al.,
2004; Ekateriniadou et al., 2007a; 2007b; Boukouva-
la et al., 2018). No significant associations of PRNP
genotypes with milk production and reproduction
traits have been found in Chios sheep, indicating that
selection for scrapie resistance is not expected to ad-
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versely affect these traits (Psifidi et al., 2011). Based
on the latter findings, a selective breeding program
has been implemented in Chios sheep aiming to in-
crease the frequency of the resistant allele ARR.

In goats, more than 50 PRNP polymorphisms
have been reported. Alleles 222K, 146S/D and 211Q
in the caprine PRNP gene have been strongly asso-
ciated with resistance to disease (Ricci et al., 2017).
However, diverse frequencies of these alleles have
been observed among and within breeds and coun-
tries. Thus, breed-specific studies are necessary for
the development of selection schemes in each country
(Ricci et al., 2017; Vouraki et al., 2018). Studies of
both healthy and affected Greek goats have reported
mutations that lead to amino acid substitutions in over
20 codons of the caprine PRNP gene, including the
ones that have been associated with scrapie resistance
(222K, 146S/D, 211Q) (Billinis et al., 2002; Bouzalas
et al., 2010; Fragkiadaki et al., 2011; Kanata et al.,
2014). However, the latter studies involved mostly
small samples (n = 51 - 436 goats) of crossbred and
undefined goat populations in Greece. Vouraki et al.
(2018) reported frequencies of approximately 6% for
the resistant allele 222K estimated over a larger popu-
lation sample (n =551 goats) of two indigenous Greek
breeds (Eghoria and Skopelos). A follow-up study on
the same dataset found no associations of allele 222K
with dairy traits (Vouraki et al., 2019). Thus, selection
for the resistant allele 222K is not expected to have
adverse effects on dairy goat traits and could be the
basis for the development of a breeding program to
enhance scrapie resistance in the two breeds.

Mastitis resistance

Mastitis resistance in small ruminants is common-
ly assessed using milk somatic cell count (SCC); in-
creased values of SCC indicate udder inflammation.
SCC in milk is a heritable trait. Furthermore, recent
studies have revealed SNPs associated with mastitis
resistance, which render genomic selection feasible
(Bishop, 2015). Heritability estimates of SCC in Chi-
os sheep were moderate (0.17) during the first weeks
of lactation (Bramis et al., 2014). Further studies on
the same data set reported SNPs associated with SCC
and other mastitis traits (i.e. incidence of clinical
mastitis, Total Viable Count - TVC, California Mas-
titis Test) and identified 24 Quantitative Trait Loci
(QTLs), 19 of which had been previously reported
in other unrelated dairy sheep breeds. Based on the
above, 14 candidate genes were detected as most like-
ly related to mastitis resistance in Chios sheep (Banos

et al., 2017). Detection of the same QTLs in unrelated
dairy sheep breeds indicates that implementation of
mutual genomic selection programs for the enhance-
ment of mastitis resistance might be effective across
breeds. However, further studies are necessary prior
to implementation of such programs. Relative studies
on other indigenous Greek sheep and goat breeds are
largely missing.

Footrot resistance

Polymorphisms located within Class I and II re-
gions of the ovine major histocompatibility complex
(MHC) have been associated with resistance to foot-
rot (Escayg et al., 1997). Gelasakis et al. (2013) in-
vestigated the genetic profile of DQA2 gene (located
in Class II region of the MHC) of Chios sheep and
detected 20 alleles, indicating the highly polymorphic
nature of the locus. Allele 1101 in that gene was as-
sociated with susceptibility to footrot. The latter find-
ing is in agreement with earlier studies on other sheep
breeds; however, the overall allelic frequencies were
highly divergent. In general, such associations are
inconsistent across breeds and populations rendering
genetic selection for resistance to footrot complicat-
ed. GWAS, which enable the detection of multiple
markers associated with ovine footrot, are considered
a more efficient approach towards comprehending the
genetic architecture of the disease (Raadsma et al.,
2013; Bishop, 2015).

Nematode resistance

Nematode resistance in sheep has been associat-
ed with genes located in Class I to III regions of the
MHC. Such associations are usually assessed using
Fecal Egg Counts (FEC) (Dukkipati et al., 2006).
DRBI gene (located in Class II region of the MHC)
was investigated in Greek sheep and 39 alleles were
reported. Genotypes heterozygous for three of the
latter alleles were associated with lower FEC (Spet-
sarias et al., 2016). Despite the variation observed in
DRBI gene, further studies involving other genes are
needed in order to incorporate the above findings into
a breeding scheme. Furthermore, studies on nema-
tode resistance based on FEC need to be interpreted
with caution; since FEC are not distinguished among
nematode species, inferences are not necessarily ap-
plicable for all nematode infections (Dukkipati et al.,
2006).

Genetic structure and diversity
Characterization of genetic structure and diver-
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sity within and between breeds is an important step
towards revealing the genetic architecture of animal
traits. Studies aiming to characterize indigenous
Greek sheep breeds and assess genetic distances be-
tween them have been based on polymorphisms of
blood proteins (Rogdakis et al., 1995; Koutsouli and
Rogdakis, 2002) and different types of markers such
as microsatellite loci (Bizelis et al., 2007; Koutsou-
li et al., 2007; Ligda et al., 2009; Mastranestasis et
al., 2015; Loukovitis et al., 2016), Random Amplified
Polymorphic DNA (RAPD) (Mastranestasis et al.,
2011) and SNPs (Pariset et al., 2011; Kominakis et al.,
2017a; Michailidou et al., 2018). Respective studies
on indigenous Greek goats are limited and used either
microsatellite markers (Cafion et al., 2006) or SNPs
(Pariset et al., 2009).

Most of the above studies involved populations
lacking pedigrees and small sample sizes per breed
(30 - 100 animals). Only Mastranestasis et al. (2015)
and Kominakis et al. (2017a) used relatively large
sample sizes (350 Lesvos sheep and 503 Frizarta
ewes, respectively) and published follow-up studies.
The latter searched for possible associations of pheno-
typic traits (i.e. body traits, milk yield, litter size) with
markers detected in the initial studies (Mastranestasis
et al., 2016; Kominakis et al., 2017b; Saridaki et al.,
2019).

Genetic studies of indigenous Greek sheep and
goats indicate high genetic variability and, there-
fore, improvement potential of production and fitness
traits. However, a notable lack of continuity between
research activity and practical implementation is ob-
served. Research objectives are altered on the basis of
scientific trends resulting in intermittent studies and
no further efforts are made towards the application of
research outcomes. Consequently, implementation of
scientific findings in breeding programs is extremely
restricted.

BREEDING PROGRAMS

Introduction of breeding programs

Breeding programs of indigenous Greek small ru-
minant breeds were first introduced in the late 1970s.
Since then, such programs of variable duration, some
of which are still ongoing, have been implemented in
15 sheep and two goat breeds. The overall aim has
been either improvement of production traits or, in
case of rare breeds, conservation and diversity man-
agement. The only breeding objective has been milk
yield except for the cases of Chios and Frizarta sheep.

Despite the improvement potential of indigenous
Greek sheep and goats, breeding programs were not
always successful, mostly because implementation
was commonly interrupted for time periods varying
from months to years. The vast majority of farmers
do not comprehend the strategic importance and the
long-term benefits of genetic improvement and thus,
they are reluctant to invest in it. Reliance of breeding
programs exclusively on European and/or govern-
ment financial support has caused lack of consisten-
cy; animal recording paused due to shortage of other
sources of financing, whenever funding was pending.

Chios sheep

Chios sheep are highly producing (average com-
mercial lactation milk yield: 324 kg) and present a
considerable amount of variance of dairy traits (i.e.
milk yield, lactation length) indicating high improve-
ment potential (Basdagianni et al., 2018). Hence,
Chios sheep are among the most commonly reared
indigenous sheep in Greece and the most extensively
studied. Breeding objectives for Chios sheep include
milk yield and resistance to scrapie. Selection for the
latter has been based on genotyping rams for the as-
sociated gene, following the relevant study of Psifidi
et al. (2011). Although scientific studies on sever-
al Chios sheep traits have been published, only the
two aforementioned traits have been included in the
breeding scheme. Since 2004, average commercial
lactation milk yield has increased by ca. 20 kg (Bas-
dagianni, 2006). However, full potential of the breed
has not been reached and improvement rates are quite
low given that the breeding program is ongoing for
more than 15 years. The absence of systematic use
of sire referencing schemes and artificial insemina-
tion (Al) across the breeding population is a major
drawback in the genetic improvement program and
contributes to the overall limited improvement of the
traits included in the breeding goal.

Frizarta sheep

Frizarta is another relatively highly producing in-
digenous Greek sheep breed with average commer-
cial lactation milk yield of ca. 250 kg and average fat
and protein contents of 6.2% and 5.5%, which are fa-
vorable for cheese production (Saridaki et al., 2019).
Frizarta sheep have been subject to many studies.
However, breeding objectives include only milk yield
and quality (fat and protein content). Udder traits are
recorded once a year in the beginning of lactation
and are candidate traits for selection towards improv-
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ing machine milkability (Agricultural and Livestock
Union of Western Greece, n.d.). In recently published
GWAS on milk and body size traits of Frizarta sheep,
the idea of implementing genomic selection has been
introduced (Kominakis et al., 2017b; Saridaki et al.,
2019). A promising attribute of the breeding program
of Frizarta sheep is the extensive implementation of
Al across the breeding population.

Despite the few examples of efficiency, most
breeding programs have failed to reach their full po-
tential. Poor program management and lack of mo-
tivation for self-funding by farmers significantly af-
fected the outcome. Thus, foreign improved breeds of
higher productivity have replaced many indigenous
small ruminant populations. The latter have decreased
dramatically and some indigenous Greek breeds are
now facing endangerment or even extinction issues.

TAKING THE NEXT STEP: AN
INTEGRATIVE APPROACH

Tackling the challenges towards improvement of
indigenous Greek small ruminant breeds requires col-
laboration of all stakeholders and experts involved in
animal production, in an integrative holistic approach.
This approach can be broken down into three levels;
(i) setting appropriate breeding objectives, (ii) design
of breeding schemes based on applied research out-
comes, and (iii) practical implementation of breeding
programs.

Determination of breeding objectives

In order to set genetic improvement objectives,
specifying the needs of dairy industry comes first.
Industry is mainly focused on processing milk of
small ruminants into cheese (Moatsou and Govaris,
2011). Cheese yield is affected by milk quality traits
and coagulation properties, which are characterized
by genetic variation indicating improvement potential
(Vacca et al., 2018). Milk hygiene traits are also im-
portant for dairy industry. According to the EU regu-
lation, milk with increased SCC and TVC is inappro-
priate for human consumption (European Parliament
and Council, 2004). Udder health is commonly com-
promised due to poor adaptation to machine milking
(Gelasakis et al., 2015). Hence, udder conformation
improvement for better milkability is also crucial.

Farmers, on the other hand, prioritize milk yield
because it is their main source of income (Pulina et
al., 2018). Unfortunately, Greek farms producing
milk of higher quality are not rewarded; thus, a lack

of motivation for improvement is observed. Animal
resilience is also critical for farms as it limits animal
replacement needs and enhances their welfare. Ani-
mals more resistant to diseases and well adapted to
rearing conditions are necessary to maintain a sustain-
able production (Theodoridis et al., 2018; Rose et al.,
2019).

Breeding program design

Integration of the aforementioned multiple objec-
tives in selection schemes requires careful design.
Investigation of the genetic background of traits and
possible intercorrelations is crucial. Respective stud-
ies on milk, udder and resilience traits of indigenous
Greek small ruminant breeds are largely missing.
Therefore, scientific research should focus on the
above and engage in delivering results that are appli-
cable to breeding schemes. To this purpose, genomics
is a promising approach as it addresses issues of com-
plex heritability (Hayes et al., 2013). Vast amounts of
genomic data are available through high-density geno-
typing, making it possible to detect genomic regions
associated with phenotypic traits of interest (Zhang et
al., 2012). Increasing the accuracy of early-life selec-
tion is another key advantage of genomic technolo-
gies (Hayes et al., 2009; Pryce and Daetwyler, 2012).
Furthermore, inclusion of environmental and climate
data in genomic studies may simplify investigation of
complex resilience traits (Lv et al., 2014).

Although initially expensive, genomic technolo-
gies have become affordable, making their implemen-
tation on a larger scale easier (Mrode et al., 2018).
Advances in imputation techniques enable genomic
strategies based on an optimal mixture of strategical-
ly targeted genotyping with high-density arrays com-
bined with large-scale genotyping with inexpensive
low-density arrays (Aliloo et al., 2018). Therefore,
genomic selection is a feasible solution for breeding
schemes of multiple objectives.

Practical implementation of breeding programs
Implementation of breeding programs may be
based on a three-tier pyramid structure that ensures
efficiency and facilitates dissemination of genetic im-
provement (Figure 1). To this purpose, after the initial
screening of the population, a nucleus of animals of
high improvement potential can be formed. These an-
imals should be reared in an elite group of well-mon-
itored flocks warranting high welfare standards and
sufficient rearing conditions; under such practices
animals are more likely to reach full potential. Perfor-
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mance recording and genome-wide genotyping of the
animals of the nucleus should be thoroughly imple-
mented. Thus, the nucleus will produce sires of high
breeding value, which will be used for breeding pur-
poses in the rest of the purebred farms. The main role
of the second tier, where a bigger number of flocks
are involved, is to generate more animals with the de-
sired genotypes of the top tier population. Animals of
the second tier, that are proved to be of high breeding
value, can also be used as sires or dams to enhance
genetic diversity in the top tier when necessary. Thus,
animal performance in second tier flocks is recorded,
yet to a smaller extent than in the nucleus, and in some
flocks low-density genotyping is also implemented.
Finally, flocks involved in the third tier do not record
animal performance and rely on the first two tiers for
sires and dams of higher breeding value. Thus, flocks
at the bottom of the structure benefit from genetic im-
provement achieved in the first two tiers, although it
would take a longer time for them to improve. Such
programs have been successfully implemented main-
ly in poultry and swine, and more recently in dairy
ruminants (Harris & Newman, 1994).

Prerequisite for the successful implementation of
genetic improvement programs is securing pedigree
accuracy, which can be compromised when matings

2nd tier

*  More flocks compared to nucleus |

are done by natural service. On the contrary, use of
Al ensures closer monitoring, resulting in more accu-
rate paternity records. Furthermore, Al achieves more
efficient use of valuable genetic material and faster
collection of progeny performance data, allowing for
earlier evaluation of sires (Baldassare and Karatzas,
2004). The latter can be further facilitated through
combining Al and genomic selection. Studies on
French Lacaune and Manech sheep have showed that
incorporation of genomic prediction based on parent
performance assists accurate evaluation of candidate
sires in a younger age. Such practices increase an-
nual genetic gain without inflating cost (Buisson et
al., 2014). Therefore, in the frame of a well-designed
breeding scheme, introduction of Al and genomic se-
lection in the nucleus and expansion of its use across
the whole population accelerates genetic improve-
ment.

The suggested approach is expected to improve
indigenous Greek small ruminant breeds, given that
the initial population is sufficiently large and presents
improvement potential. Efficient collaboration among
all stakeholders involved is expected to provide feed-
back that can be used for re-evaluation of the scheme,
integration of novel technologies and approaches, and
inclusion of new breeding objectives.

Nucleus

*  Few well-monitored flocks

*  High density genotyping & performance
recording

Producing sires/dams of high breeding value
for the 2nd & 3rd tier

*  Performance recording at smaller extent

*  Multiplication of the desired phenotypes
produced by the nucleus

*  Producing sires/dams for the 3rd tier

+  Enhancement of genetic diversity in the

*  Low density genotyping in few flocks l

3rd tier
No performance

top tier v

| recording

+ *  Sires/Dams from
the first two tiers —
genetic
improvement

+  Meed more time to

improwve

Figure 1: Three-tier pyramid structure that facilitates dissemination of genetic improvement in breeding programs (green arrows indi-

cating supply of sires/dams among tiers)
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CONCLUSIONS

Indigenous Greek small ruminant breeds ex-
hibit substantial genetic diversity, which indicates
high improvement potential. The latter is supported
by scientific publications on production and fitness
traits. However, no follow-up action has been taken
to systematically incorporate research outcomes into
breeding programs. Furthermore, implementation ini-
tiatives of such programs have been interrupted more
than once due to lack of funding and failed to achieve
substantial improvement.

Setting appropriate breeding objectives is the first
key step to designing sophisticated breeding schemes
that take into account the needs of the sector, market
demands and the capacity and potential of indigenous
small ruminant populations. Consistent population

monitoring and accurate record keeping are essential.
Integration of scientific advances, especially in ge-
nomics and reproductive technologies, is expected to
underpin the successful implementation of breeding
programs and acceleration of genetic improvement.
Most importantly, commitment and good communi-
cation among all stakeholders, including farmers, in-
dustry and scientists, is necessary to ensure efficiency
of such programs. Implementation of breeding pro-
grams incorporating all the above features is expected
to improve the competitiveness of indigenous Greek
small ruminant breeds and enhance the sustainability
of the sector.
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ABSTRACT. The relationship between environmental conditions and reproduction has been in sight of research.
Therefore, there has been a growing interest in effect of climate change, global warming and subsequently environ-
mental heat stress on gametes in last decades. Thus, the present study was designed to investigate the effect of envi-
ronmental heat stress on Kivirctk ram sperm parameters. In this study, semen samples (n=72) were collected from six
mature rams during a 12-month study period. The temperature and relative humidity of animal box were controlled
daily. The mean monthly temperature humidity index (THI) values were calculated to determine heat stress and control
periods. According to the mean monthly THI values, the 36 of 72 ejaculates, which were collected between May and
October, were classified as heat stress period samples. The others (n=36), which were collected between November and
April, were considered as control period samples. The heat stress period sperm samples had lower sperm concentration,
motility, viability, membrane integrity and higher abnormal sperm rate compared to control period sperm samples (P
< 0.05). Semen volume, sperm DNA integrity and the ability of sperm to undergo acrosome reaction were detected
similar between the heat stress and control periods. In conclusion, environmental heat stress was found deleterious for
some sperm parameters in Krvircik rams.
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INTRODUCTION
Stress is revealed by the inability of a living or-
ganism to cope with environmental conditions
(Dobson and Smith, 2000). Living organisms are in-
fluenced by various environmental stress factors such
as heat. In last decades, the effect of environmental
heat stress on reproduction of wild and domestic ani-
mals has received greater attention because of global
climate change and global warming. Heat stress es-
sentially causes over production of reactive oxygen
species (ROS) and induces oxidative stress (Slimen
et al., 2014). The exaggerated production of ROS im-
pairs the physiology and functions of different type
of cells by damaging lipids, proteins, polysaccharides
and DNA (Cross et al., 1987). Although controlled
production of ROS plays important role in sperm
functions, uncontrolled production of ROS causes
sperm pathology (De Lamirande et al., 1997). Thus,
different techniques have been developed to investi-
gate the effect of heat stress on male fertility [e.g.,
insulation of the entire scrotum or neck of the scrotum
(Arman et al., 2006; Brito et al., 2003; Kastelic et al.,
1996), immersion of the scrotum in a hot water bath
(Banks et al., 2005; Rockett et al., 2001), surgically
induced cryptorchidism (Yin et al., 1997) and artifi-
cially heated animal boxes (Meyerhoeffer et al., 1985)
or naturally hot places (Al-Ghetaa, 2012; Nichi et al.,
2006). Previous studies have shown that heat stress
affects testicular and epididymal sperm cells (Banks
et al., 2005; Karabinus et al., 1997; Sailer et al., 1997)
furthermore the spermatocytes and early spermatids
are the highly vulnerable germ cells against to heat
stress (Rockett et al., 2001; Setchell, 2006). Artifi-
cially heating of testes decreases sperm DNA integ-
rity (Banks et al., 2005), semen concentration, sperm
motility and fertilizing capacity of sperm in rodents
(Jannes et al., 1998). Moreover, similar induction
of heat stress increases apoptosis in the germ cells
and alters the expression of some genes in the testis
(Rockett et al., 2001) and epididymis (Li et al., 2008).

In farm animals, artificially local heating of tes-
tes decreases sperm motility (Arman et al., 2006),
damages sperm plasma and acrosome membranes
(Hamilton et al., 2016) as well as chromatin of the
epididymal and testicular sperm cells (Karabinus et
al., 1997). The environmental heat stress increases
abnormal sperm rate in bulls (Nichi et al., 2006) and
elevates dead and abnormal sperm rate in sheep (Al-
Ghetaa, 2012). Previous studies indicated that sperm
quality gradually returns normal levels within 8 weeks
in bulls (Meyerhoeffer et al., 1985) and within 47

days in rams after heat stress (Hamilton et al., 2016).
Mostly the previous studies related to the heat stress
focused on effect of artificially local heating of testes
on sperm parameters. Moreover, the studies based on
environmental heat stress were generally investigat-
ed the effect of heat stress on basic sperm parameters
(motility, viability and morphological abnormalities).
Thus, the present study was designed to provide fur-
ther information about the effect of environmental
heat stress on Kivircik ram sperm parameters includ-
ing sperm plasma membrane, DNA integrity and abil-
ity of sperm to undergo acrosome reaction.

MATERIALS AND METHODS

Animal care and management

Six mature Kivircitk rams were used in this study.
The Kwvwrcik is common breed of the region where
the present study was conducted. The animals were
housed in an animal box at the Department of Re-
production and Artificial Insemination, Aydin Adnan
Menderes University, Turkey. The animals were sub-
mitted to uniform nutritional conditions in 15 months.
The first 3 months were considered an adaptation pe-
riod in which the animals adjust to the new feeding
and housing system. Permission for use of the experi-
mental rams was obtained from the ethical committee
of our university (2012/44).

Calculation of temperature humidity index

The study was conducted in Aydin (approximately
37° north, 27° east and 64 m above sea level) Turkey,
where temperatures can reach 45°C under the sun in
summer months. The temperature and relative humid-
ity of animal box was controlled daily. The daily tem-
perature humidity index (THI) was calculated with
the formula that was previously reported by Marai et
al. (2007). In the formula below, T and RH represent
respectively temperature (°C) and relative humidity
(%).

THI = T— (0.31 —0.0031 x RH) x (T — 14.4)

Determination of heat stress and control periods

The mean monthly THI values were used to dis-
tinguish heat stress and control periods and to deter-
mine the level of heat stress (Table 2) according to the
previously defined heat stress categories for sheep by
Marai et al. (2007) (Table 1).
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Table 1. Definition of heat stress categories according to THI values by Marai et al. (2007).

THI values

Heat stress category

THI <22.2
222<THI<233
23.3<THI<25.6
THI>25.6

Absence of heat stress
Moderate heat stress
Severe heat stress
Extreme severe heat stress

Table 2. Definition of heat stress categories in heat stress and control periods according to mean monthly THI values.

Periods Months Mean THI + SEM. Heat stress category
May 22.3 £0.32 Moderate heat stress
June 24.6 +0.27 Severe heat stress

Heat stress period July 27.1 £0.19 Extreme severe heat stress
August 28.1 £0.21 Extreme severe heat stress
September 22.6 £0.22 Moderate heat stress
October 17.9 £0.38 Absence of heat stress (Prolonged effect of heat stress)
November 15.6 £0.27 Absence of heat stress
December 10.2 £0.44 Absence of heat stress

Control period January 13.0 £0.34 Absence of heat stress
February 13.6 £0.29 Absence of heat stress
March 15.0 £0.27 Absence of heat stress
April 18.2 +0.29 Absence of heat stress

Semen collection and evaluation

Semen was collected from six mature Kivircik
rams using an electro-ejaculator at 15-day intervals
throughout the study period (12 months). A total of 72
ejaculates (12 ejaculates per ram) were evaluated im-
mediately after collection. Semen volumes and con-
centrations were determined using a micropipette and
a haemocytometer respectively. Motility parameter
was evaluated subjectively under a phase contrast mi-
croscope at 200x magnification (TMS Nikon, Tokyo,
Japan), equipped with a heated stage adjusted to 37 °C
using an 8 pl sample of diluted semen [1:5 with Tris,
citric acid, glucose (TCG) solution including 300 mM
Tris, 95 mM citric acid monohydrate and 28 mM glu-
cose, pH 7.0]. Sperm viability was determined using
the eosin-nigrosin (EN) staining procedure. Briefly,
diluted sperm samples (5 pl) were stained with EN
stain (1% eosin, 3% sodium citrate and 3% nigrosin in
distilled water) and thin, uniform smears were made.
After air dried, 200 sperm from each sample were
observed for live (unstained) or dead (stained) sperm
heads under bright field microscopy at 400x magnifi-
cation. The morphologically abnormal sperm rate was
detected with a wet-mount slide method. Briefly, 10
ul semen samples were added in 1 ml of Hancock’s
solution (Hancock, 1952). A total of 200 sperm from

each sample were counted for morphological abnor-
malities under a phase-contrast microscope at x1000
magnification.

Assessment of sperm plasma membrane integrity

Sperm plasma membrane integrity was evaluat-
ed with hypo-osmotic swelling test in combination
with an EN staining procedure (Aksoy et al., 2008).
Briefly, 25 pl sperm samples were mixed to 475 pl of
fructose solution (100 mOsm/L). The mixed samples
were incubated in 35°C water bath for 15 min. Fol-
lowing incubation, sperm samples were stained with
EN stain and sperm plasma membrane integrity was
assessed with under bright field microscope at 400x
magnification. A total of 200 sperm from each sample
were scored for numbers of live-intact and total intact
(respectively, unstained heads of sperm with coiled
tails and stained and unstained heads of sperm with
coiled tails).

Assessment of sperm DNA integrity

Sperm DNA integrity was analyzed with comet
assay procedure as reported previously (Kiiciik et al.,
2014). Briefly, the slides were covered with 1% nor-
mal-melting-point agarose in phosphate buffered sa-
line (PBS). A 10 pl aliquot of diluted sperm extended
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in 190 pl 0.75% low-melting-point agarose in PBS
final concentration of 2 x 10* sperm was added to each
slide, covered with a coverslip and cooled for 10 min
at 4°C to solidify. After solidification, coverslip were
removed gently. The slides were immersed in an al-
kaline lysis solution (1 M Tris—HCI, 1% N-lauroyl-
sarcosine, 0.5 M EDTA, 0.3 M mercaptoethanol pH
>10) at 4°C overnight for the lysis process. The slides
were then washed with distilled water to remove lysis
solution. The slides were placed in the alkaline elec-
trophoresis solution including 1 mM EDTA and 300
mM NaOH for equilibration (20 min) and electropho-
resis (50 V for 40 min). Subsequently, the slides were
washed with neutralizing solution of 0.4 M Tris (pH
7) and then fixed with an alcohol series (50%, 70%
and 90%). The nucleus of sperm cells were stained
with DAPI (40,6-diamidino-2-phenyindole, dilactate)
and covered with coverslips. The images of one-hun-
dred randomly chosen sperm nucleus have intact or
non-intact chromatin were immediately taken under
fluorescent microscope (QuickCam Pro). The images
were evaluated with Image J software (version 1.47v;
NIH. USA) (Pic. 1) to determine DNA fragmented
sperm rate.

Assessment of the ability of sperm to undergo
acrosome reaction

Acrosome reacted sperm rate was determined
with a Coomassie Blue G-250 staining procedure
(Ahmad et al., 2013) in fresh semen, at 0 min after
1 h incubation period, 20, 40 and 60 min after lyso-
phosphatidylcholine (LPC) treatment, respectively.
In fresh semen, a 15 pl sperm sample was directly
fixed. Another 200 pl portion of fresh sperm was di-
luted in 2 ml TCG and centrifugation was applied
twice at 800 g for 5 min to remove seminal plasma.
The remaining sperm pellets were diluted in 1 ml
TCG and incubated in a water bath at 35°C for 1
h to induce capacitation. Following incubation, the
sperm samples were treated with LPC, an acrosome
reaction-inducing agent, as described previously
(Ahmad et al., 2013). Briefly, 980 ul sperm sample
was supplemented with 20 pl of LPC from a stock
solution (10 mg/ml in TCG). The final LPC con-
centration was 200 pg/ml. The sperm samples were
treated with LPC at 35°C for 20, 40 and 60 min. A
total of 200 spermatozoa from each sample were ob-
served with bright field microscopy at 400x magni-
fication to detect whether they had visible acrosome
(intact) or had invisible acrosome (reacted).

Statistical analyses

All the results collected from present study were
analyzed with a Statistical Package (Minitab version
17 Statistical Software). Descriptive statistics were
used to determine the mean monthly temperature
and humidity index. Two-sample #-test was applied
to compare the sperm parameters (semen volume,
concentration, motility, percentage of live, abnormal,
live-intact, total-intact, DNA damaged and acrosome
reacted sperm rates) between the heat stress and con-
trol periods. A probability level of P < 0.05 was used
to define statistical significance. All results were pre-
sented as mean = SEM.

RESULTS

Estimation of heat stress and control periods

The mean monthly THI values and severity of
heat stress are presented in Table 2. The five months
(from May to September), when THI values high-
er than 22.2 (Marai et al., 2007), were classified as
heat stress period. Since detrimental effects of heat
stress disappear gradually within approximately one
spermatogenesis cycle (47 days) in rams (Hamilton
et al., 2016) October was also added in heat stress pe-
riod (May to October). Remaining six months (from
November to April) when the THI values were lower
than 22.2, were classified as control period (Table 2).

Evaluation of semen parameters

There was no difference (P > 0.05) in semen vol-
ume between the heat stress and control periods (Fig-
ure 1). Sperm concentration was lower (P < 0.05)
in heat stress period compared to the control period
(Figure 2). Moreover, heat stress decreased (P < 0.05)
sperm motility, live sperm rate and increased abnor-
mal sperm rate (Figure 3). Heat stress also decreased
sperm plasma membrane integrity. Total-intact sperm
rate was lower (P < 0.05) in the heat stress period
compared to the control period (Figure 3). Live-intact
sperm rate was lower in the heat stress period com-
pared to control period but statistical difference was P
=0.06. DNA damaged sperm rates were found similar
in the heat stress and control periods (Figure 3). LPC
induced acrosome reacted sperm rate were also found
similar in both periods (Figure 4).
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Figure 1. The effect of heat stress on semen volume in rams (P > 0.05).
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Figure 2. Effect of heat stress on sperm concentration in rams. Asterisks indicate P < 0.05.
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Figure 3. Effect of heat stress on in vitro sperm parameters in rams. Asterisks indicate P < 0.05.
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Figure 4. Effect of heat stress on acrosome reacted sperm rates in fresh semen and at 0 min (after 1 h incubation), 20, 40 and 60 min

after LPC treatment, respectively (P > 0.05).

DISCUSSION

The testicular temperature is lower than body tem-
perature in most livestock and this is necessary for
successful spermatogenesis (Banks et al., 2005). The
optimum scrotal temperature for spermatogenesis is
maintained by specialized tissues such as muscles,
sweat glands and pampiniform plexus (Setchell, 2006;
Setchell and Breed, 2006; Blazquez et al., 1988).
However, high environmental temperature can cause
an increase in scrotal temperature, production of re-
active oxygen species (ROS) and trigger oxidative
stress in the testes (Nichi et al., 2006). Several antiox-
idants and various types of heat shock proteins have
important roles in preventing the detrimental effects
of heat stress on sperm (Rockett et al., 2001; Nichi et
al., 2006; Hamilton et al., 2016). Despite such defense
mechanisms, heat stress may adversely affect sperm
quality in most mammals.

In the present study, semen volume was similar
in heat stress and control periods. However, sperm
concentration was lower during heat stress period
compared to the control period (P < 0.05) probably
as a result of heat stress induced spermatogenic fail-
ure (Jannes et al., 1998) and induction of apoptosis
in germ cells especially in spermatocytes (Rockett et
al., 2001). Heat stress also decreased sperm motility,
viability and morphology (P < 0.05). Previously it has
been reported that heat stress can damage seminifer-
ous epithelium (Rockett et al., 2001) and sertoli cells
(Hassanpour et al., 2015). Moreover, heat stress af-

fects the epithelium of cauda epididymis, alters ion
concentrations, protein composition of epididymal
fluid and inhibits the special ability of the cauda to
store and prolong the life of sperm cells (Bedford,
1991). Therefore, such unfavorable testicular and
epidydimal environment might account for the low-
er motility, viable and morphologically normal sperm
rate during heat stress period (Fig. 3).

Even though there were some studies focused on
effect of environmental heat stress on some sperm
parameters in livestock, the present study is unique
because it investigates effect of environmental heat
stress on ability of sperm to undergo acrosome re-
action, sperm plasma membrane and DNA integrity
in rams. The sperm plasma membrane is particularly
rich in polyunsaturated fatty acids and highly vulner-
able against lipid peroxidation, which is triggered by
over production of ROS and oxidative stress (Vernet
et al., 2004). Additionally, compared to other species
ram sperm plasma membrane is more susceptible to
lipid peroxidation due to its relatively high polyun-
saturated/saturated fatty acid content and low propor-
tions of cholesterol/phospholipids content in the plas-
ma membrane (Darin-Bennett and White, 1977). The
present study indicated that heat stress damaged plas-
ma membrane integrity of ram sperm is in agreement
with the previous results of Hamilton et al. (2016).
The higher sperm plasma membrane disorders in heat
stress group might be resulted from lipid peroxidation
that induced by over production of ROS during heat
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stress period.

Although Hamilton et al. (2016) indicated that in-
sulation of testes increased acrosome damaged sperm
rate in rams, Maya-Soriano et al. (2015) reported
that environmental heat stress did not altered acro-
some damaged sperm rate in rabbits. Maya-Soriano
et al. (2015) explained the similar acrosome damaged
sperm rates between environmental heat stress and
control group as a result of adaptation of rabbits to the
extended heat stress conditions. Previous studies also
reported that immersion of the testes in 40 to 42°C
water bath increased the DNA damaged sperm rate
compared to control in mice (Banks et al., 2005; Sail-
er et al.,1997). In the present study, DNA damaged
and acrosome reacted sperm rates were found similar
during the heat stress and control periods. The simi-
larity of DNA damaged and acrosome reacted sperm
rates in heat stress and control periods might be relat-
ed to the adaptation of Kivircik rams to the extended
heat stress condition. Furthermore, unfavorable effect
of heat stress on sperm DNA and acrosomal integri-
ty might be limited by specialized tissues to maintain
optimal scrotal temperature such as musculus cremas-
ter, scrotal sweat glands in present experimental con-
ditions. In our study, musculus cremaster and scrotal
sweat glands were more effective to maintain optimal
scrotal temperature compared to previous studies
utilizing artificial local heating of testes. Artificially
local heating of testis with insulation material or hot
water completely block functions of these defense
systems. Additionally, ram sperm nuclei includes

only Protamine I (Balhorn, 1982) which is maximal-
ly cross linked by disulphide bridges, and more stable
than mouse sperm nuclei including Protamine I and II
(Motoishi et al., 1996). On the other hand, when the
lower sperm concentration during heat stress period
considered as evidence in present study, similar DNA
damaged sperm rates during heat stress and control
period might be related to the elimination of DNA
damaged germ cells (spermatocytes and early sper-
matids) by apoptotic defense mechanisms during heat
stress period.

CONCLUSION

Environmental heat stress unfavorably influenced
sperm concentration, motility, viability, morpholo-
gy and plasma membrane integrity in Kivircik rams.
However, semen volume, sperm DNA integrity and
the ability of sperm to undergo acrosome reaction
were not altered under the present environmental heat
stress conditions.
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Enzootic bovine leukosis accompanied by splenomegaly in an 8-month-old calf
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ABSTRACT. In this report, an 8-month-old calf (crossbred, Holstein % Japanese Black) developed fever and accom-
panied abomasum displacement. Blood chemical test showed remarkably high values of white blood cell count and
heteromorphic lymphocytes. In pathological appraisal, enlarged splenomegaly and swelling of the lymph nodes were
observed. Histopathological examination revealed invasion of tumor cells derived from B1 cells into systemic lymph
nodes, liver and spleen. The provirus loads of bovine leukemia virus (BLV) was 1,439 copies per 10 ng DNA by using
real time PCR. In conclusion, this case was diagnosed as bovine leukemia caused by BLV infection with a huge sple-
nomegaly.
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CASE HISTORY

Bovine leukemia is classified into two types: spo-
radic bovine leukosis (SBL) and enzootic bovine leu-
kosis (EBL) (Kettmann, 1994). SBL is a generalized
lymphadenopathy in calves, including a thymic form
which is developed in 6-month to 2-year-old cattle
and a cutaneous form occurred in 1- to 3-year-old cat-
tle. EBL is a contagious disease caused by infection
with bovine leukemia virus (BLV) which is belong-
ing to the genus Deltaretrovirus, subfamily Ortho-
retroviridae, and family Retroviridae (Sagata et. al.,
1985). Most BLV-infected cattle are asymptomatic
infections (Aleukemia: AL) (Rodriguez et. al., 2011),
but 20 to 30% of infected cattle show persistent lym-
phocytosis (PL) with polyclonal B cell hyperprolifer-
ation. Furthermore, 2 to 3% of them develop a B-cell
leukemia, malignant lymphosarcoma formed in the
lymph nodes, leading cause of death (Schwartz 1994).
The incidence of EBL is observed more frequently in
adult cattle over the age of 3 years than young calf.
(Gutiérrez et. al., 2014). However, we report a suspi-
cious case of EBL in 8-month-old calf which showed
remarkable splenomegaly in this report. Our aim is
description and thorough investigation of the clinical
case.

An 8-month-old calf (castrated male, crossbreed,
Holstein x Japanese Black) was examined because of
decreased appetite and cough. The calf showed sever-
al symptoms such as abdominal pain, dehydration, fe-
ver (39.9 °C), and high respiration rate (60 breaths per
min). In addition, it had been treated with enroflox-
acin (Baytril®, Bayer, 0.025mL/kg, subcutaneously,
SID) in order to control a suspected pulmonary
inflammation. The serum hematological parameters
provided a high leukocyte count (600,500 per 1 pL
blood, reference interval (RI) : 4,900-12,000 per 1uL
blood) and a percentage of heteromorphic lympho-
cytes was 90.5%. Moreover, lactate dehydrogenase
(LD) and gamma-glutamyl transpeptidase (y- GTP),
the serum biochemical parameters, also showed high
values (LD: 4,203 U/L, RI : 697-1,445 U/L, y- GTP:
138 U/L, RI: 15-39 U/L).

After the calf was sedated with xylazine (Serac-
tal®, Bayer, 0.3mg/kg, intramuscularly, SID) and
euthanized after anesthesia with pentobarbital (Som-
nopentyl, Kyoritsu Pharmaceutical, 2mg/kg, intra-
venously) compassionately because of poor prog-
nosis, the pathological autopsy was conducted, and
we found a remarkable splenomegaly (93 x 36 cm,
the weight of about 14 kg, Fig.1). Each of the lymph

nodes (bilateral lateral cervical, lower ilium and mes-
entery) was enlarged and its cleavage surface showed
grayish white.

Figure.1: A huge splenomegaly (93 x 36 cm, the weight of about
14 kg). Necrosis and bleeding were observed.

The collected tissue samples were fixed with 10%
neutral buffered formalin solution, embedded in par-
affin, cut into thin sections and stained with hematox-
ylin and eosin (HE). As histological findings, tumor
cells which showed mantle zone histological patterns
and nodular or diffuse histological patterns were ob-
served in each lymph node and spleen (Fig.2). Ex-
tracapsular invasion was rarely seen in lymph nodes.
Additionally, the tumor cells were also observed in
blood vessels of liver (Fig.3), and high magnification
view of that area showed a monotonous proliferation
of tumor cells (Fig.4). The tumor cells had round, oval
or slightly irregular nuclei with inconspicuous nucle-
oli and cytoplasm which was moderately abundant.
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Figure.2: Histological appearance of iliac lymph node. Tumor
cells which showed mantle zone histological patterns were ob-
served. Hematoxylin and eosin (HE) staining.
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Figure.3: Histological appearance of liver tissue. Tumor cells
were observed in blood vessels and sinusoid. HE staining.
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Figure.4: Histological appearance of iliac lymph node. A mo-
notonous proliferation of tumor cells were observed. There were
round, oval or slightly irregular nuclei with inconspicuous nucle-
oli and cytoplasm which was moderately abundant. HE staining.

Immunohistochemical examination was car-
ried out using paraffin section of the tissue by poly-
mer-based detection method according to the follow-
ing procedures: Endogenous peroxidase activity was
quenched by a solution of 0.3% hydrogen peroxide in
methanol, after which antigen retrieval of the sections
were performed by microwave heating. Antibodies
targeting human CD20 (Thermo Fisher Scientific,
Waltham, MA), human CD5 (Thermo Fisher Scientif-
ic), human CD3 (Agilent Technologies Japan, Tokyo,
Japan) and TdT (Nichirei Biosciences, Tokyo, Japan)
were used as primary antibodies. As results, the tumor
cells expressed CD20 and CDS5, but not CD3 and TdT

(Fig.5).

To confirm the expression levels of cell surface
markers in more detail, flow cytometry analysis was
conducted using peripheral blood mononuclear cells

prepared by density-gradient centrifugation. Cells
were stained with following antibodies according to
the method previously described (Nishimori et. al.,
2017): bovine CD5 (Washington State University
Monoclonal Antibody Center, Pullman WA; CAC-
T105A), bovine IgM (Bio-Rad Laboratories, Her-
cules, CA; IL-A30), bovine WC4 (Bio-Rad Labo-
ratories; CC55), bovine CD21 (Washington State
University Monoclonal Antibody Center; GB25A),
bovine CD3 (Washington State University Mono-
clonal Antibody Center; MM1A), bovine CD4 (Bio-
Rad Laboratories; CC30) and bovine CDS8 (Bio-Rad
Laboratories; CC63). Alexa Fluor 647-conjugated
goat anti-Mouse IgG (H+L) antibody (Thermo Fish-
er Scientific) was used as a secondary antibody, and
for IgM staining, antibody labeling was conducted
by Zenon Alexa Fluor 488 mouse IgG1 labeling kit
(Thermo Fisher Scientific). The results clearly indi-
cated the single cell population expressing CD5, IgM
and CD21, but not expressing other markers (Fig.6).

To quantify BLV provirus loads in peripher-
al blood, genomic DNA was extracted by using an
automatic nucleic acid extractor (magLEAD12gC,
Precision System Science, Chiba, Japan) and BLV
real time PCR was performed with Probe / Primer /
Positive control for bovine leukemia virus detection
(TaKaRa Bio, Otsu, Japan) (Soumura et. al., 2007).
The result showed a quite high value of BLV provi-
rus loads, 1,439 copies per 10 ng DNA, suggesting
an interaction between tumor development and BLV
infection.

The DNA extract was also used for B-cell clonali-
ty analysis, nested PCR targeting a variable region of
immunoglobulin heavy chain, according to the meth-
od previously described (Nishimori et. al., 2017). As
a result, we confirmed a single DNA band of the am-
plicon against the target region demonstrating mono-
clonal proliferation of B cells (Fig.7).
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L
Figure.5: Immunohistochemical examination of tumor cells in liver tissue. Tumor cells were CD20 positive (A), CDS5 positive (B),
CD3 negative (C), TdT negative (D).
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Figure.6: Flow cytometric analysis of peripheral blood mononuclear cells. Cells were first stained with anti-CD5 monoclonal antibody
(mADb), anti-WC4 mAb, anti-CD21 mAb, anti-CD3 mAb, anti-CD4 mAb and anti-CD8 mAb, followed by Alexa Fluor 647-conjugat-
ed secondary antibody. Then cells were stained with Alexa Fluor 488-labeled anti-IgM mAb for double staining. The numbers in the

figure indicate the percentages of double positive cells, and peripheral blood mononuclear cells showed CD5 positive, IgM positive
and CD21 positive.
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Figure.7: A single band patterns for the target region demonstrat-
ing monoclonal proliferation of B cells. Lane 1, white blood cells;
lane 2, peripheral blood mononuclear cells; lane 3, a superficial
cervical lymph node; lane 4, an iliac lymph node; lane 5, a mesen-
teric lymph node; lane 6, a mediastinal lymph node; lane 7, a pan-
creatico-duodenal lymph node; lane 8, spleen; N, negative con-
trol. The arrow indicates PCR amplification of the target region.

DISCUSSION

In previous studies, it was reported that the infec-
tion rates of BLV in Japan had increased from around
5% in the 1980s to 35.2% on a nationwide survey con-
ducted in 2009-2011 (Murakami et. al., 2013). Thus,
farmers suffer economic losses due to development
of bovine lymphoma causing not only death of cat-
tle, but also large costs for treatment and diagnosis of
the infected animals (Da et. al., 1993). Early detection
of cattle infected with BLV is effective for preventing
BLV-free cattle from the infection and reducing eco-
nomic losses. Moreover, an epidemiological study also
suggests an importance of controlling BLV infection;
it demonstrates that the incidence of other infectious
diseases increases in BLV infected cattle compared
with uninfected cattle (Emanuelson et. al., 1992).

Currently, little is known about the occurrence of
EBL in young cattle under 1 year of age, and only a few
reports investigate about that (Oguma et. al., 2017).
Moreover, complication of splenomegaly is infrequent
in common EBL cases. So, we consider that our report
will contribute to accumulation of knowledge on bo-
vine leukemia in young cattle and will be helpful for
the diagnosis in the field. In this report, it was not able
to investigate whether mother-to-child transmission of
BLV had occurred or not because the dam of the case
animal had already slaughtered. However, according to
previous reports, almost all calves that are infected with

BLV immediately after birth are likely to develop into
PL (Agresti et. al., 1993), and probability of BLV trans-
mission in utero is around 4% to 18% (Ferrer et. al.,
1975). Additionally, in the case of calves whose mother
showed high provirus loads, more than 40% of the in-
fants have been confirmed BLV positive whereas BLV
positive rates were only 9.4% in the calves born from
mothers with low provirus loads (Mekata et. al., 2015).
In this case, we consider that BLV infection could be
induced by vertical transmission via colostrum or pla-
centa rather than by horizontal transmission via insects
because the calf showed quite high value of white blood
cell count and BLV provirus loads. Moreover, we con-
cluded that the tumor cells in this case were derived
from B1 cells, which is consistent with a previous re-
port investigating BLV-associated lymphomas in cattle
(Vernau et. al., 1997). Additionally, a single DNA band
of the amplicon against the target region demonstrated
monoclonal proliferation of B cells (Fig.7).

Because of the entire results we presented above,
this case was diagnosed as EBL, which is clonal ex-
pansion of tumor cells derived from B1-cell lineage
due to BLV infection, in spite of the young age of the
animal. This finding is different from a widely accept-
ed belief that EBL occurs in mainly adult cattle.

It is known that lymphoid tumor in adult lymphoma
usually has a predilection for heart, abomasum, uterus,
kidney, and spinal cord (Burton et. al., 2010). Howev-
er, tumor invasion into those organs was not confirmed
in this case, but instead, invasion into liver, spleen and
lymph nodes was observed. In particular, the spleno-
megaly was one of the most important finding because
it is infrequent in common EBL cases. There are some
reports about the incidence of splenomegaly in cattle in-
duced by Anaplasma marginale infection (Jaswal et. al.,
2015), hemophagocytic histiocytic sarcoma (Matsuda
et. al., 2010), and Trypanosoma vivax infection (Fati-
hu et. al., 2008). In this case, the parasites listed above
were not observed in histological examination. Bovine
leukemia is grouped into malignant lymphoma, and in
our case, tumor cells would grow in the spleen, which
caused enlarged splenomegaly.

There is still limited information about the onset
of EBL in juvenile cattle. Further study on BLV in-
fection and its dynamics during young stage would be
necessary to elucidate its detailed mechanism.
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