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Staphylococci by Real-Time PCR
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ABSTRACT

Objective: Staphylococcus aureus is a Gram-positive and round-shaped bacterium. It is often positive for
catalase and nitrate reduction. Pathogenic isolates support infections by producing protein toxins and the
expression of a cell-surface protein virulence factors. Sepsis-related to methicillin-resistant S. aureus
(MRSA) has significant morbidity and high mortality rates (15-30%). The methicillin resistance for S.
aureus is coded with the MecA gene, while the methicillin sensitivity is coded with the Nuc gene, and they
are chromosomal. Similarly, it is coded with the coagulase gene for S. aureus (Coa).

Materials and Methods: In this study, the 16S rRNA gene identification by Real-Time PCR was
investigated in forty S. aureus isolates, which were cultured at different times in terms of MIC and SIR
tests. The isolates used in the study were determined at the gene level in terms of their differences in
methicillin resistance gene (MecA), methicillin susceptibility gene (Nuc), coagulase gene (Coa) and intra-
species differences were examined.

Results: As a result of the study, Staphylococcus spp. yielded positive results with 16S rRNA gene-specific
primers in all isolates. Real-Time PCR analysis of the isolates with SYBRGreen-based PCR analysis was
performed with 165 rRNA gene-specific primers, and the samples were confirmed to be Staphylococcus.
Analysis at the family level was followed by Coa, Nuc, and MecA gene Real-Time PCR results, and it was
found that, in terms of Coa and Nuc genes, 19 isolates were positive and 21 isolates were negative. In terms
of MecA gene, 16 isolates were positive according to the positive sigmoidal curves and to the single peak
melting values, whereas 24 isolates were found to be negative.

Conclusion: It is thought that this study will benefit the community by contributing to the rapid and
effective treatment and diagnosis of infections caused by coagulase-positive/negative Staphylococci.

Keywords: Coagulase gene, MecA gene, Nuc gene, Staphylococcus aureus, 165 rRNA gene

INTRODUCTION microorganisms. As cell division occurs at
different planes, the cells are seen together in
botryoid form in preparations. S. aureus can be
produced in the usually used media, at a
temperature of 37°C and pH 7.4. They form
porcelain-shaped, convex, smooth-surfaced, often
yellow-pigmented colonies in the blood gel

S. aureus belongs to the family of Micrococcaceae
and is grouped under the Staphylococcus genus.
They are Gram-positive, oxidase-negative,
catalase-positive, immobile, non-spore-producing,
facultative =~ anaerobe, = round  coce-shaped
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medium. Around the colonies, there are generally
characteristic hemolysis zones (Levinson, 2002).
Some studies carried out in recent years have
aimed to increase the resistance of S. aureus
antibiotics Methicillin
Staphylococcus aureus (MRSA). In studies carried
out for this purpose, it has been reported that
successful results have been achieved in

against Resistant

molecular-based analyzes (Sharaf et al., 2021). In
addition, it has been reported that S. aureus, the
best-known food pathogen, was isolated from
waste containers in food businesses and the
presence of resistance genes was observed in
molecular studies of isolated S. aureus isolates
(Shahid et al., 2021).

The Staphylococcus family's pathogenicity is
generally based on the ability to produce coagulase
encoded by the Coa gene, and coagulase-negative
staphylococci are considered secondary infectious
pathogens. These bacteria have a huge variety of
resistance genes and have more than 40 genes
related to resistance in Staphylococci. Some
resistance properties are provided by the MecA
gene (Yadav et al., 2018). The MecA gene encodes
methicillin resistance, and it is chromosomal. The
MecA gene is found in all methicillin-resistant
coagulase-negative Staphylococci  (MRCNS)
strains. Strains with this gene are resistant to all
beta-lactams because they produce a new
penicillin-binding  protein  (PBP). However,
methicillin resistance is not always detectable in
routine tests as it is affected by environmental
conditions. Therefore, a methicillin-resistant
Staphylococci can be identified as susceptible.
Therefore, PCR is a useful and efficiently method
with high sensitivity and specificity in determining
methicillin resistance in Staphylococci (Willke et
al., 2012). This study aimed at rapid and effective
treatment and diagnosis of infections caused by
coagulase positive/negative Staphylococci by
molecular methods.

MATERIALS and METHODS

Bacterial strains. This study was carried out with
the permission of the Local Ethics Committee of
Faculty of Medicine, Non-Interventional Clinical
Research Ethics Committee on 03.06.2016, and with
decision number 09. Staphylococcus spp. isolates
were isolated from culture samples taken at
different times and in various regions in Turkey.
Bacterial isolations were carried out on Blood (BA)
Agar. Then, they are incubated at 37°C for 18-24
hours. Samples with colony growth were

examined macroscopically and microscopically.
Colonies suspected to be Staphylococcus spp. were
identified using standard bacteriological methods
(Gram staining, mobility, catalase, lamina, and
DNase,
fermentation). Accordingly, 20 coagulase-positive
and 20 coagulase-negative Staphylococci spp.
strains obtained as a result of lamina and tube

tube coagulase test, mannitol

coagulase tests were stored in 15% glycerol
Trypticase Soy Broth (TSB) until the time of PCR
procedure at -20°C (Bilgehan, 2002; Kaya et al.,
2003; Tok and Coskun, 2010; Nia et al.,, 2011).
Biochemical identifications of the isolated strains,
coagulase, and oxacillin MIC tests, and antibiotic
susceptibilities were performed using the BD
Phoenix™ Bacteria Identification and Antibiogram
Device (Becton Dickinson, USA) by ID/AST
Combo kit (Tok and Cogkun, 2010; Ugan, 2014).
Total DNA isolation was performed using
Staphylococcus spp. strains identified in routine
procedures and extracts obtained in the culture
medium. Molecular identification of bacteria was
performed by Real-Time PCR for the 165 rRNA
gene. For the molecular characterization of isolates,
the MecA and Nuc genes were investigated.
Coagulase results (Coa) were evaluated depending
on Mec and Nuc gene results. Isolation of bacterial
DNA from culture plates was performed with the
QIAamp DNA mini kit (Qiagen). The DNA
isolations were performed according to the
manufacturer’s instructions. Molecular steps were
carried out with the support of Van Yuzuncu Yil
University, Biotechnology  Application and
Research Center, and Van Yuzuncu Yil University
Fisheries Faculty, Fish Disease Laboratories.

Bacterial identification and antibacterial activity.
All isolates were individually adjusted to 0.5
optical density (OD). Bacterial suspensions were
transferred in the BD Phoenix (Phoenix™
Automated Microbiology System-Becton
Dickinson) identification kit. The kit was incubated
for 18 hours at 37°C. The samples were evaluated
for 26 antibiotics according to their Minimum
Inhibition Concentration (MIC) and resistance
(SIR) status (Onalan, 2019).

DNA Isolation. DNA isolations were performed
using DNA Mini Kit (Qiagen) with QIAcube
automatic isolation robot. The Real-Time PCR was
carried out 25 ul total volume of specific forward
and reverse primers (27F-1492R), SYBR Green-
based qPCR Mastermix and water (Onalan and
Yavuz, 2019).
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Primers. For the identification of Staphylococcus
spp. isolates, 16S rRNA gene region Staphylococcus
spp. specific primers were used. The primer set
was used as S16-F 5'-
AGAGTTTGATCATGGCTCAG-3' and S16-R 5'-
GGACTACCAGGGTATCTAAT-3', as reported by
Ozen et al., (2011). For the methicillin resistance of
the isolates, the MecA gene, and for the coagulase
positivity, the MecA gene results were evaluated
together with the Nuc gene results. MecA and Nuc
gene-specific primer sequences used in the study
were used as MecA-F-5'-
AAAATCGATGGTAAAGGTTGGC-3', MecA-R-5'-
AGTTCTGCAGTACCGGATTITGC-3,  Nuc-F-5'-
GCGATTGATGGTGATACGGTT and Nuc-R 5'-
AGCCAAGCCTTGACGAACTAAA-3' (Ozen et
al., 2011).

Real-Time PCR Analysis. In the Real-Time PCR,
pre-denaturation was carried out at 95°C for 10
min. Then, 45 cycles were completed as
denaturation at 94°C for 45 sec, annealing at 55°C
for 30 sec, and extension at 72°C for 45 sec. Then as
the last step, the last-extension process was carried
out at 72°C for 7 minutes. Non-template control
(NTC) tubes were used as a negative sample
control. After analysis, sigmoidal curves have been
evaluated as positive (Altinok et al., 2007).

family-specific primers. For this purpose, forward
(5"-AGAGTTTGATCATGGCTCAG-3") and reverse
(5"-GGACTACCAGGGTATCTAAT-3") primers
were used (Ozen et al., 2011).

Table 1. Biochemical test results of isolates with
methicillin, coagulase, cefoxitin and oxacillin.

RESULTS

In addition to 40 strains used in the study, S. aureus
ATCC 25923, S. aureus ATCC 6538, and S. aureus
ATCC 29213 strains were used as the controls for
MecA, Nuc, and Coa genes. According to the lamina
and tube coagulase test results, 20 samples that
were coagulase-positive were identified as S.
aureus while 20 samples that were coagulase-
negative were identified as Staphylococcus spp. Ten
of the coagulase-negative staphylococci were
identified as S. epidermidis, 5 were identified as S.
haemolyticus, 2 were identified as S. auricularis and,
S. hominis, one was identified as S. lugdunensis, and
one was identified as S. warneri. Coagulase results
of coagulase-positive and negative Staphylococci
spp. and oxacillin MIC values were determined in
BD Phonenix™ 100 instrument. Accordingly, it
was determined that one of the coagulase-positive
S. aureus strains was Methicillin-Resistant S. aureus
(MRSA). Methicillin-Resistant Coagulase Negative
Staphylococcus (MRCNS) was detected in 15
coagulase-negative Staphylococci spp. (Table 1).

To determine Staphylococcus spp. isolates using
molecular methods, PCR was performed with

g g
B g 3 =
g £ 0§ 03
No Isolate name o o o =
1 S. aureus + <=2 <=0.25 S
2 S. aureus + <=2 0.5 S
3 S. aureus + 4 0.5 S
4 S. aureus + 4 1 S
5 S. aureus + <=2 <=0.25 S
6 S. aureus + <=2 <=0.25 S
7 S. aureus + 4 0.5 S
8 S. aureus + <= <=0.25 S
9 S. aureus + <= <=0.25 S
10  S. aureus + 4 0.5 S
11 S. aureus + 4 <=0.25 S
12 S.aureus + 4 0.5 S
13 S.aureus + <=2 0.5 S
14 S. aureus + <=2 <=0.25 S
15  S.aureus + <= <=0.25 S
16  S.aureus - >8 >2 R
17 S. aureus + <= <=0.25 S
18  S.aureus + <= 0.5 S
19  S.aureus + <= <=0.25 S
20  S.aureus + 4 0.5 S
21 S. epidermidis - - >2 R
22 S. epidermidis - - >2 R
23 S. epidermidis - - >2 R
24 S. epidermidis - - >2 R
25  S. epidermidis - - >2 R
26 S. epidermidis - - >2 R
27 S. epidermidis - - >2 R
28  S. epidermidis - - 1 R
29  S.epidermidis - - <=0.25 S
30  S. epidermidis - - <=0.25 S
31  S. haemolyticus - - >2 R
32 S. haemolyticus - - >2 R
33 S. haemolyticus - - >2 R
34 S. haemolyticus - - 2 R
35  S. haemolyticus - - <=0.25 S
36  S.auricularis - - >2 R
37  S.auricularis - - <=0.25 S
38  S. hominis - - 2 R
39  S.lugdunensis - - >2 R
40  S. warneri - - <=0.25 S

*S: Sensitive, R: Resistant, MIC: Minimal Inhibitory
Concentration

S. aureus and S. lugdunensis with oxacillin MIC
values<=2 mcg/mL and cefoxitin MIC values<=4
mcg/mL are mostly methicillin susceptible through
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the absence of the MecA gene. Coagulase-negative MIC values of>0.25 mcg/mL are mostly methicillin
staphylococci (except S. lugdunensis) with oxacillin resistant due to the presence of the MecA gene.

.1 2 .3 .4 5 .s .? .s .9 .10 .12 13 14 15 .15 .1? .18 .19 .20 .21 .22 .23 .24
H=: B B> 28 2 Wy JH> W= W N BN E3 ZHEEE DY B e e e

Figure 1. Real-Time PCR results with 165 rRNA gene-specific primers.
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Figure 2. Real-Time PCR melting analysis result of 165 rRNA gene.
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Figure 3. The results of Real-Time PCR with MecA gene-specific primers.
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Figure 4. Real-Time PCR melting analysis result of MecA gene.
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Figure 5. The results of the Real-Time PCR with Nuc gene-specific primers.

As a result of the Real-Time PCR procedure using
SYBR Green qPCR mastermix (11.0 ul), forward
(1.5 pl) and reverse (1.5 pl) primers, DNase,
RNase, endotoxin-free water (9.0 pl) and template
DNA (2.0 pl), the isolates were determined to be
from the Staphylococcus family. In the optimized
PCR protocol, following the pre-denaturation at
95°C, the 45 cycles performed at 94°C for 30 sec,
57°C for 20 seconds 72°C 30 sec. The final
elongation was carried out at 72°C for 5 min to
complete the PCR protocol. The results of Real-
Time PCR with 165 rRNA gene-specific primers
are given below (Figure 1).

After PCR, all strains used in the study showed
positive results with 16S rRNA gene-specific
primers, and they were identified as Staphylococcus
spp. (Figure 1). After the Real-Time PCR
processing, the accuracy of the study was
confirmed by melting analysis. As a result of the
melting analysis performed at 55-99°C, all samples
started with 5-7.5 fluorescent irradiation and

formed melting threshold peaks in the 83-87°C
range. Based on these results, primers and PCR
amplicon gave a standard melting curve, and all
samples used in the study were verified (Figure 2).

Melting analysis showed that PCR amplicons
melted in the same range, and similar PCR
products were formed. Primers specific to the
MecA gene (F-
5 AAAATCGATGGTAAAGGTTGGC-3' and R-
5 AGTTCTGCAGTACCGGATTTGC-3") were used
to determine the methicillin resistance of the
isolates. It was observed that 18 isolates that gave
positive results from PCR were resistant to
methicillin (Figure 3).

Accordingly, 18 (16, 21, 22, 23, 24, 25, 26, 27, 28, 31,
32, 33, 34, 36, 38, 39, 41, 42) isolates showed
positive results on Real-Time PCR and the gene
was evaluated to be positive. After the PCR
procedure specific to the MecA gene, High-
Melting  (HRM) was

Resolution analysis
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performed, and the accuracy of the chemical and
the method used in the study was confirmed. High
resolution melting graph is given below (Figure 4).

Table 2. 165 rRNA, Mec A, Nuc and Coagulase
gene characteristics of isolates used in this study.

s 3 oz &
No Isolate Name % E"o g :10
2 & 5
S 9O oz =
1 S. aureus + + + -
2 S. aureus + + + -
3 S. aureus + + + -
4 S. aureus + + + -
5 S. aureus + + + -
6 S. aureus + + + -
7 S. aureus + + + _
8 S. aureus + + + -
9 S. aureus + + + -
10 S. aureus + + + -
11  S. aureus + + + -
12 S. aureus + + + -
13 S. aureus + + + -
14  S. aureus + + + -
15  S. aureus + + + -
16 S. aureus + + - +
17  S. aureus + + + -
18  S.aureus + + + -
19  S.aureus + + +
20  S.aureus + + + -
21 S epidermidis + - - +
22 S. epidermidis + +
23 S. epidermidis + - - +
24 S. epidermidis + - - +
25  S. epidermidis + - - +
26  S. epidermidis + - - +
27  S. epidermidis + - - +
28  S. epidermidis + - - +
29  S.epidermidis + - - -
30 S epidermidis + - - _
31  S. haemolyticus + - - +
32 S. haemolyticus + - - +
33 S. haemolyticus + - - +
34 S. haemolyticus + - - +
35  S. haemolyticus + - - -
36  S.auricularis + - - +
37  S.auricularis + - - -
38 S. hominis + - - +
39  S.lugdunensis + - - +
40  S. warneri + - - -
41  S. aureus ATCC-25923 + + + +
42 S. aureus ATCC-6538 + + - +
43 S, aureus ATCC-29213 + - + -

The Nuc and MecA genes were evaluated together
in the method used to determine the coagulase-

positive or negative isolates used in the study.
Positive and negative results obtained at the end of
the PCR analyses using the Nuc gene-specific
primer sets (F-5’GCGATTGATGGTGATACGGTT
and R-5’AGCCAAGCCTTGACGAACTAAA-3)
were evaluated together with the Mec gene results.
The results of the isolates used the Nuc gene are
given below (Figure 5).

Accordingly, 21 Nuc genes that yielded positive
results in Real-Time PCR graph were evaluated as
positive. The Real-Time PCR results of 16S rRNA,
Mec A, Nuc and Coagulase results are as follows
(Table 2).

According to the SYBR Green-based gene-level
Real-Time PCR study results, all isolates were
found to be positive for the 165 rRNA gene region-
specific primers and were confirmed to be
Staphylococcus. After the 165 rRNA PCR analysis
performed at the family level, the coagulase results
were determined together with the Real-Time PCR
results for Nuc and MecA genes. Accordingly, 19
isolates were found to be positive, and 21 isolates
were negative in terms of Coa and Nuc genes. In
terms of the MecA gene, 16 isolates were positive
according to the positive sigmoidal curves and to
the single peak melting values, whereas 24 isolates
were found to be negative. These results were
observed to be in line with the biochemical results.

DISCUSSION

Staphylococcus species are characterized by their
biochemical profiles, colony appearance, and
hemolytic patterns. These Gram-positive bacteria
are biochemically catalase-positive and oxidase-
negative, and they use maltose. S. aureus produces
virulent factors in various types including
capsules, enzymes including adhesins, coagulase,
catalase, hyaluronidase, staphylokinase, toxins
including a toxin, p toxin, d® toxin, leukocidin,
enterotoxin, exophilic toxins and toxic shock
syndrome toxins causing various diseases in
humans and animals (Javid et al., 2018). In a study
on methicillin resistance, Seidel et al. (2017) aimed
to carry out a rapid and accurate identification of
MecA and MecC genes using nucleic acid lateral
flow immunoassay (NALFIA) technology.
Examination of 60 identified strains (MRS and
non-target bacteria) and 28 methicillin-resistant S.
aureus (MRSA) isolates from clinical samples was
performed by NALFIA, classical PCR-gel
electrophoresis and Real-Time PCR and the results
were compared. It has been reported that NALFIA
was superior to the other methods according to
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detection limits, and differentiation between MecA
and MecC can be made by displaying two different
alleles on NALFIA test strips.

In this study, biochemical and antimicrobial
properties of strains were identified by the BD
Phonex ID. Similarly, Nasution et al. (2018) aimed
to determine the MecA gene and antibiotic
resistance pathway in 40 S. aureus isolates
classified Methicillin-Resistant S. aureus (MRSA)
by Vitek 2 Compact. The amplification of the MecA
gene was performed by PCR and showed that all
MRSA isolates had a 533 bp MecA gene. The
antibiotic test of the Vitek 2 Compact showed that,
although all isolates were resistant to beta-lactam
group antibiotics, they had multiple drug
resistance to other common antibiotics such as
aminoglycosides, macrolides, and
fluoroquinolones. However, the isolates were still
susceptible to vancomyecin (82.5% isolate), linezolid
(97.5% isolate), and tigecycline (100% isolate).

In this study, Real-Time PCR was performed using
gene-specific primers. As a result of this process,
the isolates used in the study were identified to be
from the same family by the 165 rRNA gene.
Following this process, Real-Time PCR analyses
were performed with MecA and Nuc genes. As a
result, the coagulase properties of isolates were
determined according to positive and negative
results of MecA and Nuc genes. The analyses were
carried out with S. aureus, S. epidermidis, S.
haemolyticus, S. auricularis, S. hominis, S.
lugdunensis, and S. warneri isolates and the
reference bacteria (ATCC 25923, ATCC-6538,
ATCC-29213). HRM test was used to determine the
correct positivity and avoid false-positive results in
Real-Time PCR analysis. As a result of this test, the
accuracy of the procedures was determined by
similar peaks given at ordinary temperatures.
Similarly, many studies were conducted adopting
identification by PCR. Elhassan et al. (2015) aimed
to determine the prevalence of the MecA gene
using the polymerase chain reaction in methicillin-
resistant S. aureus (MRSA) isolates and to compare
the results with those obtained by the conventional
method. In this context, 200 S. aureus isolates were
taken from patients with different diseases. The
phenotypic Kirby-Bauer method, by adopting the
E-test, confirmed that methicillin resistance was
present in 61.5% of isolates with MICs ranging
from 4 pg/mL to 256 pg/mL. Ashraf et al. (2014)
aimed to aureus-specific
thermonuclease gene (Nuc) in chickens by the
Real-Time PCR test. The isolated S. aureus was

determine S.

susceptible to vancomycin, amoxicillin+clavulanic
acid, and cephalothin, respectively, up to 84.5%,
83.8%, and 78.4%, and resistant to ampicillin,
oxacillin, and penicillin up to 75%, 73%, and 70.2%,
respectively. Hoegh et al. (2014) showed that
variations in the S. aureus-specific Nuc gene could
lead to misidentification of methicillin-sensitive
and resistant S. aureus. Accordingly, in 10 S. aureus
isolates, Real-Time PCR was performed with
primers and probes that were designed explicitly
for Nuc and MecA genes, and a DNA sequence
analysis was performed. Hamidi et al. (2015)
aimed to determine the prevalence of the
production of coagulase (Coa) and thermonuclease
(Nuc) genes and Staphylococcal enterotoxin A (Sea)
among S. aureus samples isolated from various
sources. In total, 100 S. aureus were isolated from
40 humans, 30 animals, and 30 food samples, and
Coa, Nuc, and Sea genes were evaluated by the
PCR. According to the culture results, Willke et al.
(2012) have reported that of the 48 staphylococci
strains, 15 were methicillin-resistant coagulase-
negative  Staphylococci (MRCNS),
methicillin-resistant S. aureus (MRSA), and 14 were
methicillin-sensitive coagulase-negative
Staphylococci (MSCNS) and 15 were methicillin-
sensitive S. aureus (MSSA). According to the PCR
results, 17 of the strains were found to be MRCNS,
8 were found to be MRSA, 10 were found to be
MSCNS and 13 were found to be MSSA. Levi and
Towner (2003) have reported that 17 of the 200
blood  cultures suspected of
Staphylococcus were found to be positive by PCR,
and 16 were found to be positive by culture
method.

4  were

containing

CONCLUSION

As a result of this study, the results of Real-Time
PCR and BD Phoenix ID automatic devices were
compared, and were found to be in agreement. It
was thought that this study would benefit the
community by contributing to the rapid and
effective diagnosis and treatment of infections
caused by coagulase-positive and negative
Staphylococci.
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ABSTRACT

Objective: In this study, it was aimed to evaluate the levels of interleukins such as IL-1p, IL-6, IL-10 and
IL-12f3 in sheep with Jaagsiekte by immunohistochemical methods. In this way, it will be revealed
whether interleukins are effective in the progression of Jaagsiekte and how useful they are in the diagnosis
of the disease.

Material-Method: The material of the current study consisted of lung tissues of 26 sheep (Control, n=6
and Jaagsiekte, n=20) brought to the Department of Pathology for routine histopathological diagnosis.
Tissue samples taken were fixed in 10% buffered formaldehyde solution. 5 um-thick sections were taken
from the paraffin blocks prepared after routine tissue follow-up procedures. Hematoxylin & Eosin
staining was applied to the sections in order to detect histopathological changes. Sections were examined
and photographed under a light microscope. The routine streptavidin-biotin peroxidase complex method
was used.

Results: In sheep with Jaagsiekte, tumoral foci with large and small acinar or papillary growths were
observed in the alveolar and bronchiole lumens. The control group was negative for IL-1{, IL-6, IL-10 and
IL-128 immunoreactivity. IL 1-6-10 and 12f3 levels were dramatically increased in the Jaagsiekte group
compared to the control group.

Conclusion: It was determined that interleukins were produced from tumoral cells and tumor
microenvironment elements, and these interleukins showed pro-inflammatory effects, except for IL-10.

Keywords: Jaagsiekte, Interleukins, Sheep

INTRODUCTION many similarities in histological features to human
pulmonary adenocarcinomas (Scott et al., 2018;
Toma et al., 2020).

Cytokines, such as interleukin (IL), interferon

Jaagsiekte, also known as ovine pulmonary
adenocarcinoma (OPA), is a contagious lung
cancer of sheep and goats, caused by Jaagsiekte

Sheep Retrovirus (JSRV) (Gomes et al., 2017; Lee et (IFN) and tumor necrosis factor (TNF), which are
al., 2017). Jaagsiekte occurs worldwide in almost important signaling proteins act as important
all countries except in New Zealand and Australia mediators of the immune system. Expression
(Belalmi et al.,, 2020). The tumor originates from levels, polymorphisms or profiles of cytokines and
type 2 pneumocytes and Clara cells and shows cytokine receptors can affect the pathogenesis of
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virus-related diseases (Larruskain and Jugo 2013;
Ding et al., 2021).

Interleukin 1 beta (IL-18), a proinflammatory
cytokine, regulates the expression of genes
involved in various inflammatory processes and
plays a central role in many chronic inflammatory
diseases, including lung cancer such as non-small
cell lung cancer (NSCLC) (Kim et al., 2013; Bhat et
al., 2014). Increased expression of IL-13 in the
tumor microenvironment correlates with poor
prognosis in human lung adenocarcinomas (Tekpli
et al., 2013; Ding et al., 2021).

Interleukin 6 (IL-6), a
proinflammatory cytokine, is produced by

multifunctional

different cells, including immune cells, endothelial
cells, cancer-associated fibroblasts, and tumor cells
(Islas-Vazquez et al., 2020; Dutkowska et al., 2021).
IL-6 is involved in the regulation of tumorigenesis,
progression, and metastasis and its overexpression
is particularly strongly associated with a poor
prognosis for NSCLC (Kiss et al., 2020; Pan et al,,
2020; Su et al., 2020).

Interleukin 10 (IL-10), an anti-inflammatory and
protumoral effective cytokine, is mostly produced
by M2-macrophages, T regulator cells (Tregs), Th2-
cells, CD8+ T cells (Vahl et al., 2017, Gao et al.,
2020). II-10 can promote cancer development by
suppressing macrophage function and allowing
tumors to evade immune surveillance. Also the
expression of IL-10 by tumor-associated
macrophages (TAMs) correlates with unfavorable
prognosis in NSCLC (Hsu et al., 2016; Pang et al,,
2017; Hu et al., 2020).

Interleukin 12 (IL-12), an important immune
regulatory cytokine, plays a role in stimulating
Natural killer (NK) and T cell proliferation,
increasing NK and CD8+ T cell cytolytic activity,
and inducing various cytokines such as IFN-
gamma (Yue et al, 2016). IL-12 exhibits
immunostimulating and anti-angiogenic effects in
promoting antitumoral immunity (Airoldi et al.,
2009; D’ Amico et al., 2012).

In this study, it was aimed to evaluate the levels of
interleukins such as IL-1p, IL-6, IL-10 and IL-12f3 in
sheep with Jaagsiekte by immunohistochemical
methods. In this way, it will be revealed whether
interleukins are effective in the progression of
Jaagsiekte and how useful they are in the diagnosis
of the disease.

MATERIALS and METHODS

Ethical Approval

This study was approved by the Kafkas University
Animal Experiments Local Ethics Committee
(KAU-HADYEK-2021/109).

Animals

The material of the current study consisted of lung
tissue samples of 26 sheep (Control, n=6 and
Jaagsiekte, n=20) brought to Veterinary Faculty,
Department  of

Pathology  for  routine

histopathological diagnosis.
Histopathological Examinations

Lung tissues were fixed in 10% neutral buffered
formalin and routinely processed. Following
routine procedures, tissues were embedded in
paraffin wax. Paraffin sections of 5 pm thickness
were stained with Hematoxylin & Eosin (H&E) to
detect histopathological changes. Sections were
examined under a light microscope and
photographed.

Immunohistochemical Examinations

The routine streptavidin-biotin  peroxidase
complex method was used according to the
manual instructions of the kit (Thermo Scientific
Histostain-Plus IHC Kit, HRP, broad spectrum,
REF: TP-125-HL). Anti-IL13 antibody
(MyBioSource, MBS2026862, Polyclonal, Dilution
Ratio: 1/50), anti-IL6 antibody (MyBioSource,
MBS2012740, Monoclonal, Dilution Ratio: 1/100),
anti-IL10 antibody (MyBioSource, MBS2026258,
Polyclonal, Dilution Ratio: 1/200) and anti-123
(MyBioSource, MBS1490500, Polyclonal, Dilution
Ratio: 1/50) were used after antigen retrieval and
nonspecific protein blocking. The reactions were
detected with aminoethyl carbazole (AEC)
chromogen (Thermo Scientific, TA-125-HA).
Counterstainings ~ were
hematoxylin. After this procedure, glass slides
were mounted with Entellan and a coverslip. For
control sections, PBS was applied in drops on the

conducted using

sections instead of the primary antibodies.

Prepared slides were examined under a light
microscope (Olympus Bx53) and photographed via
the Cell*'P program (Olympus Soft Imaging
Solutions GmbH, 3,4). Analyzes of the images
were done with Image ] Program (1.51j8). IL-1p, 6,
10 and 12p expressions were analysed by
examining ten representative fields of labeled
immune positive cells with the 40X magnification.
Rating system were designated as negative (-) 0%,
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weak (+) 1-10%, mild (++) 11-59% or severe
(+++)>60%.

Statistical Analysis

Statistical analysis of the results was performed
using the SPSS® (SPSS 26.0, Chicago, IL, USA)
program. According to cell infiltration scoring,
Kruskal-Wallis H test was used for multiple
comparisons of IL-1f, IL-6, IL-10 and IL-12(3, and
Mann-Whitney U test was used for pairwise
comparisons. Obtained results were given as mean
+ standard error (SE). P<0.05 expression was
considered statistically significant in the evaluation
of the results.

RESULTS

Histopathological Findings

No pathological lesions were detected in the lung
tissue of the healthy control group. In Jaagsiekte
cases, tumoral foci with large and small acinar or
papillary growths were observed in the alveolar
and bronchiole lumens. A large number of alveolar

Figure 2. Lung, IHC, AEC, a: IL-1p immunopositive reactions in acinar structures (arrow) and lymphocytes in tumor
stroma (arrowhead), b: IL-6 immune positive reactions in the cytoplasm of neoplastic cells forming papillary extensions
(arrow) and tumor stroma (arrowhead), c: Intracytoplasmic IL-10 expressions in papillary structures (arrow) inside
alveolar lumens d: IL-12 immunoreactivity in the cytoplasm of finger-like proliferations (arrowhead) in tumoral foci.

macrophages were detected around these tumoral
foci (Figure 1).

Figure 1. Lung, Neoplastic proliferations (arrows)
within the alveolar lumen, H&E, Bar= 100 pm
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Immunohistochemical Findings

Immune positivity scores of all groups are shown
in Table 1. The control group was negative for IL-
1B, IL-6, IL-10 and IL-12f3 immunoreactivity. IL 13-
6-10 and 12 expressions were statistically
increased in the Jaagsiekte group compared to the
control group. In the Jaagsiekte group, IL-1§3, IL-6,
IL-10 and IL-12f expressions were mostly detected
in the cytoplasm of cuboidal-columnar tumoral
cells with acinar or papillary growths. Immune
positive reactions were also observed in alveolar
macrophages localized around tumoral foci.

Table 1. Immunpositivity scores of all groups

Groups IL-1B IL-6 IL-10 IL-12B
1
E:é‘tro 0.0040.00° 0.00+0.002 0.00+0.00° 0.00+0.002
iek
Liazgosw e ) 18+0.18" 2.250.16° 1.36£0.15" 2.45£0.16"

p value <0.001 <0.001 <0.001 <0.001

*b represents the statistical difference between the groups
(p<0.05).

In addition, there was positive interleukin staining
in the tumoral stroma, especially in lymphocytes
and connective tissue cells. IL 13, 6 and 12(3
immunoreactivities were detected especially in
areas where the inflammatory reaction was severe.
On the other hand, IL-10 positive staining was
more pronounced in areas where the severity of
the inflammatory reaction decreased (Figure 2).

DISCUSSION

IL-1B, a pro-inflammatory interleukin, synthesized
by macrophages acts as an alarm cytokine and
regulates chronic inflammation (Bhat et al., 2014;
Li et al., 2020). IL-1p is involved in many stages of
malignant processes such as initiation and
promotion of carcinogenesis; tumor development,
metastasis and invasion and is correlated with
tumor progression in patients with NSCLC in
many studies (Tekpli et al., 2013; Li et al., 2020;
Ding et al., 2021). Petrella et al., (2012) noted that
IL-18 is an important pro-invasive factor in
NSCLCs. Kim et al., (2013) emphasized that IL-13
is an important prognostic marker for patients
with advanced NSCLC. Bhat et al, (2014)
determined that the polymorphism in the II-13
gene was significantly associated with an
increased risk of NSCLC. In a similar study, Ding
et al. (2020) reported that IL-13 was associated
with poor long-term prognosis in early lung
adenocarcinoma patients. In another study, Li et
al. (2020) found that both the incidence of lung

cancer and mortality rates were significantly
reduced by inhibition of IL-1(. There are very few
studies evaluating various interleukin levels in
OPA, which is an important chronic respiratory
disease of sheep (Larruskain et al., 2012;
Larruskain et al., 2015; Karagianni et al., 2019). As
a result of their RNA-Seq analysis, Karagianni et
al. (2019) revealed that IL-1p expression did not
change significantly between experimentally
infected sheep and normal sheep. In the current
study, it was determined that IL-13 expression in
naturally infected sheep with JSRV was
statistically increased compared to healthy control
group sheep. IL-1f3 immunoreactivity was higher
in the Jaagsiekte group. It was interpreted that IL-
1B, which increased in correlation with the severity
of inflammation similar to the literature data in
human medicine (Petrella et al., 2012; Kim et al,,
2013; Tekpli et al., 2013; Bhat et al., 2014; Li et al.
2020; Ding et al., 2021), may contribute to the
progression of Jaagsiekte on the basis of chronic
inflammation.

The high serum concentration of IL-6, an
important tumor-enhancing cytokine, is associated
with tumor stage, size, metastasis, and poor
survival in many types of human cancer, including
NSCLC (Islas-Vazquez et al., 2020; Ke et al., 2020;
Su et al., 2020). In veterinary medicine, there is
only one study evaluating IL-6 levels in OPA, and
in that study, IL-6 was upregulated in the
experimentally infected group compared to the
control group (Karagianni et al., 2019). Islas-
Vazquez et al. (2020) found that human lung
cancers had very high levels of IL-6 compared to
healthy subjects. They reported that the level of
this cytokine decreased in the group with a high
overall survival rate after treatment. Dutkowska et
al., (2021) observed increased expression of IL-6 in
both tumoral and tumor-adjacent tissue of patients
with NSCLC. They interpreted this increase can
promote inflammatory processes in lung
carcinogenesis. Pan et al., (2020) demonstrated that
IL-6  increased the
transition, which plays a vital role in tumor
invasion in lung adenocarcinoma cells. Su et al.,
(2020) suggested that IL-6 is an important
therapeutic target for NSCLC metastasis and a
highly promising prognostic marker for the
disease. Kiss et al. (2020) reported that IL-6
increased cellular migration and proliferation in
lung adenocarcinomas. In the current study, IL-6

epithelial-mesenchymal

expression was significantly increased in the OPA
group compared to the control group, as
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previously reported by Karagianni et al. (2019).
Parallel to the IL-1f3 results, IL-6 immunopositivity
was higher in the Jaagsiekte group. This suggested
that, similar to the results of different researchers
in human medicine (Islas-Vazquez et al., 2020; Ke
et al., 2020; Su et al., 2020; Dutkowska et al., 2021),
IL-6 may be a remarkable marker in lung cancers
of animals, especially Jaagsiekte, as it is in humans.
The results obtained from this study led to the
conclusion that the inflammatory process in the
tumor microenvironment may play a role in the
development of Jaagsiekte.

IL-10, an important anti-inflammatory cytokine,
regulates autoimmunity, cellular proliferation,
survival, apoptosis and angiogenesis (Vahl et al.,
2017). IL-10 is mostly produced by tumor-
associated macrophages (TAMs, M2 macrophages)
in the tumor microenvironment, as well as by CD4,
Tregs or CD8 T cells and even tumor cells
themselves (Pang et al., 2017). In particular, TAMs
increase tumor growth and angiogenesis by
releasing various cytokines and promote tumor
invasion and metastasis by degrading the
extracellular matrix (ECM) (Yang et al., 2019; Hu et
al., 2020). The clinical effect of IL-10 in cancers is
not fully understood (Hsu et al.,, 2016). Patients
with NSCLC expressing high levels of IL-10 have a
poor prognosis. Conversely, high levels of IL-10
produced by tumor-infiltrating CD8+ cells indicate
a favorable prognosis (Gao et al., 2020). Larruskain
et al. (2015) determined that there was a
polymorphism in the IL-10 gene in sheep with
OPA. Parallel to IL-1P results, Karagianni et al.
(2019) revealed that IL-10 expression did not
change significantly between experimentally
induced OPA infection sheep and normal sheep.
Similar to previously reported (Pang et al., 2017;
Vahl et al., 2017), IL-10 expressions in this study
were mostly observed in tumor-associated
macrophages and tumor cells themselves.
Contrary to Karagianni et al. (2019), in the current
study, IL-10 expression was significantly increased
in the Jaagsiekte group compared to the control
group, the increase was particularly much higher
in areas with less inflammatory reaction. These
findings also supported the anti-inflammatory
properties of IL-10 (Vahl et al., 2017).

IL-12 is mostly produced by monocytes,
macrophages, and other antigen-presenting cells,
and it activates NK cells by targeting them
(Arango Duque and Descoteaux, 2014; Turner et
al., 2014). IL-12, which is an important regulator of
the immune response, has various anti-tumoral

effects (Airoldi et al., 2009; D’Amico et al., 2012).
IL-12 is a useful predictive and prognostic marker
for patients with lung adenocarcinoma (Bugalho et
al., 2016). Larruskain et al. (2012) found that the IL-
12 microsatellite was the least polymorphic with 7
alleles in OPA. In another study, Larruskain et al.
(2015) reported that, together with IL-2 and IL-4,
IL-10 is one of the important interleukin genes
involved in OPA. Similar to the results of IL-1p
and IL-6 immunoreactivities in this study, IL-123
showed a significant increase in the OPA groups
compared to the control group, in parallel with the
severity of the inflammation.

CONCLUSION

In conclusion, it was determined that various
interleukins were produced from tumoral cells and
tumor microenvironment elements, especially
TAMs, and these interleukins showed pro-
inflammatory effects, except for IL-10. More
detailed analyzes are essential to determine
whether these interleukins have a direct effect on
the progression of Jaagsiekte.
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ABSTRACT

Objective: This study aimed to monitor oxidative stress parameters including total antioxidant status
(TAS) and total oxidant status (TOS), and tumor necrosis factor-alpha (TNF-«) level during the healing
process in hair goats with metritis.

Materials and Methods: This study was carried out on a total of 25 hair goats with metritis (n=10; Group
1) and healthy (n=15; Group 2). The beginning of the study was accepted as day 0. In both Group 1 and
Group 2, blood samples were collected on days 0 (first measurement day), 14 (second measurement day)
and 28 (third measurement day) of the study for TAS, TOS and TNF-a analyzes. In addition, oxidative
stress index (OSI) was calculated using TAS and TOS values.

Results: It was found that TAS level decreased in Group 1 compared to Group 2 at the first measurement
day (p<0.05). However, TOS, OSI and TNF-a levels increased in Group 1 compared to Group 2 (p<0.01).
At the second measurement day, TOS and OSI values were higher in Group 1 than Group 2 (p<0.05).
Conclusion: In conclusion, the antioxidant system weakened, oxidative stress and TNF-a levels increased
in animals with metritis compared to healthy animals. However, at the third measurement time, all
parameters became similar between groups.

Keywords: Hair goat, Metritis, Oxidative stress, TNF-a

INTRODUCTION a prevalence of 4.5% (Sayeed et al.,, 2020). The

Metritis is defined as inflammation of the uterus disease is well recognized with clinical findings

(Kurt et al., 2019). It is known that the most
important causes of metritis are uterine

such as fever and fetid watery red-brown uterine
discharge. It 1is associated with immune
dysfunction in the postpartum period (Kurt et al.,
2019). On the other hand, there is a relationship
between the inflammation and oxidative stress
(Celi, 2010), and is closely linked to the occurrence
of metritis (Mikulkova et al., 2020), as well as many
diseases (Lykkesfeldt and Svendsen, 2007).
Oxidative stress occurs when the antioxidant
defense capacity is exceeded by the production of
ROS in the body (Lykkesfeldt and Svendsen, 2007;
Sordillo and Aitken, 2009; Kurt et al, 2021).

contamination resulting from dystocia or placental
retention (Majeed, 1994). It is among the main
reproductive disorders in goats (Kulsum et al.,
2020) and is considered the major cause of
infertility (Majeed, 1994). This reproductive
disorder is responsible for decreased milk yield
and increased culling rate and therefore reduced
profitability in goat herds (Sayeed et al., 2020). It
has an incidence of 23.4% (Kulsum et al., 2020) and
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Oxidative stress can cause oxidative damage to
components of cells such as DNA, lipids and
proteins  (Lykkesfeldt and Svendsen, 2007;
Cecchini et al., 2018), can result in cell death by
apoptosis and necrosis or structural tissue damage.
Therefore, it can increase susceptibility to diseases
(Lykkesfeldt and Svendsen, 2007). Oxidative stress
may be associated with uterine infections in the
periparturient period (Yazlik et al, 2019;
Mikulkova et al., 2020). On the other hand, it is
known that cytokines such as TNF-a are closely
linked to the inflammation caused by the infection.
Moreover, TNF has several roles in reproductive
function, and it is involved in many biological
events such as stimulation of cell proliferation and
differentiation, induction of cell apoptosis
(Skarzynski et al., 2009). It is also stated that the
level of TNF-a increases in animals that experience
uterine infection (Williams et al., 2008). For the
reasons mentioned above, it is thought that both
oxidative stress and TNF levels may differ in
animals with uterine infection. It is also estimated
that there may be differences in the level of those
parameters during the healing process. Therefore,
the present study aimed to monitor oxidative
stress parameters including total antioxidant status
(TAS) and total oxidant status (TOS), and tumor
necrosis factor-alpha (TNF-a) level during the
healing process in hair goats with metritis.

MATERIALS and METHODS
Ethical approval

This study was approved by the Ethics Committee

of Ceyhan Veterinary Faculty, Cukurova
University, Adana, Turkey (approval number:

01/01 and 24.01.2022).
Animals and study design

This study was carried out on a total of 25 hair
goats with healthy (n=15) and metritis (n=10). All
goats had similar age, body condition score and
parity, and they were within the first two weeks
postpartum at the start of the study. The goats
were subjected to clinical examination including
vaginal examination before the study. Metritis was
characterized by fetid watery red brown uterine
discharge, high fever and systemic signs of
diseases (Sheldon et al., 2006). Animals with high
fever, odorous watery red-brown vaginal
discharge were defined as metritis. Animals that
did not show any signs of disease as a result of
clinical examination were considered healthy. The
goats with metritis and healthy were recorded in

Group 1 and Group 2, respectively. Goats with
metritis were used systemic broad-spectrum
antibiotics and fluid therapy according to farm's
routine treatment protocol, and corticosteroids
were also given when necessary. Animals that did
not recover from the disease during the study were
not included in the study. The beginning of the
study was accepted as day 0. In both Group 1 and
Group 2, blood samples were collected from the
jugular vein into sterile serum tubes with clot
activator on days 0 (first measurement day), 14
(second measurement day) and 28 (third
measurement day) of the study. All blood samples
were centrifuged at 1500 x g for 10 min, then
serum samples were collected and stored at -20°C
until analysis.

Laboratory analysis
Determination of TAS, TOS and TNF-a levels

Serum TAS and TOS levels were measured with
the Enzyme Linked Immunosorbent Assay
(ELISA) devive (Stat Fax-2100, Awareness® USA)
using commercial kits (Rel Assay Diagnostics®,
Turkey). Serum TNF-a level was measured using
an ELISA device (Stat Fax-2100, Awareness® USA)
and commercial kit (TNF-a ELISA kits, Bt Lab®,
China). Oxidative stress index (OSI) calculated as
previously defined (Kurt et al., 2021).

Statistical analysis

Statistical analyzes were performed using the SPSS
package program. The obtained data were
analyzed statistically according to the non-
parametric Mann-Whitney U test. All results were
presented as mean * standard deviation (mean *
SD) and p<0.05 was considered significant.

RESULTS

It was determined that the TAS level decreased in
Group 1 compared to Group 2 at the first
measurement day (p<0.05). However, other
parameters within TOS, OSI and TNF-a
significantly increased in Group 1 compared to
Group 2 (p<0.01). On the second measurement
day, TOS and OSI values were higher in Group 1
than Group 2 (p<0.05), but there was no difference
between groups in terms of TAS and TNF-a values
(p>0.05). At the time of the third measurement, it
was found that TAS, TOS, OSI, and TNF-a levels
were similar between Group 1 and Group 2
(p>0.05). TAS, TOS, OSI, and TNF-a results
obtained in the two groups are presented in detail
in Table 1.
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Table 1. TAS, TOS, OSI and TNF-a results measured in Group 1 and Group 2.

First measurement

Second measurement Third measurement

P t
aramerers Groups (Mean * SD) (Mean * SD) (Mean # SD)
Group 1 1.29+0.642 1.42+0.44 1.38+0.23
TAS (mmol/L)
Group 2 1.80+0.42b 1.44+0.26 1.36+0.26
Group 1 10.08+4.20>" 6.33+2.072 5.66+0.78
TOS (umol/L)
Group 2 5.26+1.09v" 5.05+0.58P 5.03+1.28
081 Group 1 0.97+0.53* 0.49+0.212 0.43+0.12
Group 2 0.31+0.10v" 0.36+0.07° 0.39+0.14
Group 1 1.63+0.242" 0.93+0.29 0.89+0.31
TNF-a (ng/L)
Group 2 1.01+£0.17%" 0.96+0.29 0.91+0.29

Different letters in the same column represent statistical difference for similar parameters (p<0.05). *p<0.01 TAS: Total
antioxidant status, TOS: Total oxidant status, OSI: Oxidative stress index, TNF-a: tumor necrosis factor-alpha.

DISCUSSION

The presented study investigated oxidative stress
parameters including TAS, TOS and OS], and
TNF-a level during the healing process in Hair
goats with metritis. In addition, a healthy group
was formed to compare these results with healthy
animals.

Metritis is known as an important cause of
infertility (Majeed, 1994). Furthermore, various
gynecological disorders, including metritis, are
vital factors that cause economic losses in small
ruminant breeding (Kulsum et al., 2020). Metritis
can occur under the influence of many bacterial
contaminations (Mikulkova et al., 2020; Doumtsop
et al., 2021), and can cause inflammation, leukocyte
infiltration, edema and myometric degenerations
in all layers of the uterine wall (Mikulkova et al.,
2020), and thus leads to fertility problems in many
ways. Sheldon et al. (2006) stated that the
occurrence of metritis is usually associated with
deficiencies in the immune system in dairy cows.
On the other hand, it has been informed that
oxidative stress may predispose factor to metritis
(Mikulkova et al, 2020). Huang et al. (2021)
reported that ROS production increased in goats
during periparturient period due to metabolic
adaptation = process and catabolic energy
metabolism due to energy deficit in this period.
Therefore, it is known that this period is quite
critical in terms of diseases and oxidative stress.
Similarly, Mikulkova et al. (2020) reported that
oxidative stress was higher in cows with metritis
during the early postpartum period. The oxidative
stress findings of the presented study support this
information. It was observed that oxidative stress

increased on the day the disease was diagnosed
(first measurement day) in goats with metritis. The
reason for this situation was thought to be the
weak antioxidant defense system, because TAS
level was significantly lower in animals with
metritis compared to healthy animals. In addition,
in this study, it was revealed that the antioxidant
level of the animals increased in parallel with the
recovery from the disease. On the second
measurement day, the animals recovered in
general, but the oxidative stress level was still
higher in Group 1 than in Group 2, although the
antioxidant level returned to normal. No signs of
diseases were observed in any animal on the third
measurement day. In addition, there was no
difference between Group 1 and Group 2 in terms
of oxidative stress parameters in this period. This
situation reveals the relationship between metritis
and oxidative stress in goats. However, we think
that oxidative stress level should be determined
before metritis occurs. Thus, it can be revealed
whether it can be used in the early diagnosis of the
disease. However, in the presented study,
differences in oxidative stress and TNF-a levels
were observed only during the healing process.
TNF-a is known as a cytokine associated with the
inflammatory syste (Skarzynski et al, 2009;
Kushibiki, 2011). Moreover, TNF-a has various
immune system functions, including antimicrobial
activity and mediation of inflammation (Kushibiki,
2011). Williams et al. (2008) stated that the level of
TNF-a increased in animals with uterine infection.
So, considering role of TNF-« in the inflammatory
system, its level was investigated in goats with
metritis. In the presented study, TNF-a level
increased significantly on the first measurement
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day in Group 1 compared to Group 2. We think
that this is due to the activation of the
inflammatory system due to metritis. This
assumption is confirmed by the TNF-a level on the
second and third measurement days. So, TNF-«
level of Group 1 became similar to Group 2 in
parallel with the recover of the disease. However,
we think that TNF level should be investigated
more comprehensively in animals with uterine
infection and it should be determined whether it
can be used in the early diagnosis of the metritis in
goats.

CONCLUSION

This study investigated the changes in oxidative
stress parameters and TNF-a levels during the
healing process in hair goats with metritis. On the
first day of measurement, the antioxidant system
weakened, oxidative stress and TNF-a levels
increased in animals with metritis compared to
healthy animals. Similarly, oxidative stress was
still high in animals with metritis at the second
measurement time. On the other hand, at the third
measurement time, all parameters became similar
between groups. However, we think that this
situation should be investigated comprehensively
by including treatment protocols and pathogen
species that cause metritis in future studies.
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ABSTRACT

Objective: This study aimed to reveal the coronary veins and the branches that join it to provide venous
drainage of the heart in Southern Karaman sheep.

Material-Method: Eight Southern Karaman sheep’s heart tissues were used in the study. Latex injection
techniques were used to determine the coronary veins and the branches that join it for providing venous
drainage of the heart.

Result: In the study, vena cordis magna, vena cordis media, and vv. cordis dextra was observed as
venous drainage providing vessels. The vena cordis magna began in the lower third of the sulcus
interventricularis paraconalis, called vena interventricularis paraconalis. This vein reached the sulcus
coronarius and continued as vena circumflexus sinister. Vena cordis media was named as vena
interventricularis subsinosus in sulcus interventricularis subsinosus. The vv. cordis dextra was
responsible for the venous drainage of the facies atrialis of the heart.

Conclusion: In the evaluation of the study findings, it was determined that the coronary veins and the
branches joined it of Southern Karaman sheep were mainly similar to other sheep breeds in the literature.
Still, there were some anatomical differences, for example; vena distalis ventriculi sinistri was opening
into vena circumflexus sinister, vena apicis cordis was absent, vena semicircumflexa dextri was present.

Keywords: Anatomy, Southern Karaman sheep, Coronary vein, Latex

INTRODUCTION coronarius in sheep (Yadm and Gad, 1992; Yadm,
1993; Dursun, 1994; Tipirdamaz et al, 1999;
Besoluk and Tipirdmaz, 2001; Constantinescu,

2001).

Sinus coronarius is localized in the ventral part of
the bottom parts of the truncus pulmonalis and

The Southern Karaman sheep breed is a different
species obtained by crossing the Karagiill rams
bred with Akkaraman and Dagli¢ sheep. This
breed is one of the most preferred breeds in
Turkey due to its higher yields in meat and milk

production (Kaymakgi, 2008; Ertugrul et al., 2009). vena cava caudalis, as a continuation of the vena

azygos sinistra, and it usually opens to the vena
cava caudalis as well as it may also end by opening
into the atrium dextrum (Yoldas, 2007; Aydinlik et

The main vessels that provide venous drainage of
the heart in mammals are; vena cordis magna,
vena cordis media, vv. cordis dextra and vv. cordis

minimae. All of these veins end by opening into
the sinus coronarius. Besides, vv. cordis minimae
may open to anterior cardiac veins as well as sinus

al., 2008; Giirbiiz, 2015).

The vena cordis magna is the strongest of the
coronary veins and begins as the vena
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interventricularis paraconalis in the distal part of
the sulcus interventricularis paraconalis. By
continuing within the sulcus interventricularis
paraconalis, it reaches the sulcus coronarius and
continues on its way as the vena circumflexus
sinister and ends after opening into the sinus
coronarius. During its course, vena collateralis
sinister  distalis, vena  collateralis sinister
proximalis, vena coni arteriosa join it that they
drain the ventriculus sinister and septum
interventriculare (Nickel et al.,, 1981; Evans and
Christensen, 1993; Koch and Berg, 1993; Aksoy et
al., 2003; Yoldas et al., 2013; Barszcz et al., 2020).

The vena circumflexus sinister is the continuation
of the vena interventricularis paraconalis and
begins at the intersection of the sulcus
interventricularis ~ paraconalis and  sulcus
coronarius. It continues in the sulcus coronarius
along the ventral edge of the auricula sinistra and
terminates after opening into the sinus coronarius.
During its course, vena circumflexus sinister, vena
proximalis  ventriculi sinistri, vena distalis
ventriculi sinistri, vena marginis ventricularis
sinistri accessoria, and vena marginis ventricularis
sinistri join it (Giirbtiiz, 2015; Barszcz et al., 2020).

Vena cordis media, after originating from apex
cordis as vena interventricularis subsinosus in
sulcus interventricularis subsinosus, courses
towards basis cordis (Aksoy et al., 2001; Aksoy et
al., 2009). After draining the ventriculus dexter and
atrium dextrum in facies atrialis, it usually ends by
opening into the sinus coronarius and sometimes
into the atrium dextrum.

During its course, vena collateralis dexter
proximalis, vena collateralis dexter distalis, vena
obliqua ventriculi dextri open here from the atrial
surface of the ventriculus dexter. From the
auricular surface, the vena collateralis sinister
proximalis, vena collateralis sinister intermedia,
vena collateralis sinister distalis branches and vena
apicis cordis open into this vein (Aksoy et al., 2009;
Kabak and Onuk, 2012; Gilirbiiz, 2015; Barszcz et
al., 2020)

Vv. cordis dextra reaches the sulcus coronarius by
providing venous drainage of the atrium dextrum
and ventriculus dexter located on the right side of
the heart. During the course of vv. cordis dextra, v.
proximalis atrii dextri, v. coni arteriosi, V.
proximalis ventriculi dextri opens into this vein
(Dursun, 1994; Tipirdamaz et al., 1999; Besoluk
and Tipirdmaz, 2001).

The numerous and thin cordis minimae branches
were mainly observed in the atrium dextrum and
less frequently in the atrium sinistrum and
ventriculus dexter. They collect the venous blood
in the surrounding tissues and empty it into the
nearest cardiac cavity (Tipirdamaz et al., 1999).

In this study, we aimed to investigate the coronary
veins that provide venous drainage of the heart in
Southern Karaman sheep, an indigenous breed in
Turkey.

MATERIALS and METHODS

Animal Material

The study was conducted according to ethical
guidelines and under the supervision of Atatiirk
University Local Ethics Committee board (Decision
no: 2021-35). Eight Southern Karaman sheep’s
hearts were used in the study. The Southern
Karaman sheep were obtained from Konya Bahri
Dagdas International Agricultural Institute.

Method

After the sheep were anesthetized with xylazine
HCl (0.3 mg/kg/IV) and ketamine HCl (2.5
mg/kg/IV), they were injected Na-Heparin (5,000
IU/mL) at a dose of 0.1 mg/kg/IV to prevent blood
clotting. Then, the abdominal cavities were opened
under deep anesthesia and the venous circulatory
system was cleaned with 0.9% saline solution with
a plastic catheter placed in the v. cava caudalis.
After removing the heart, the cannulas were
placed in the vena azygos sinistra to examine the
coronary veins of heart. According to the previous
latex injection method (Aycan and Bilge, 1984), 200
cc of latex and 10 cc of fabric dye were mixed in a
beaker to disperse the dyestuff. For demonstration,
the latex mixture colored with blue fabric dye was
injected into the coronary veins through the
cannulas placed before, and then the hearts were
preserved in 10% formaldehyde solution. They
were kept in 10% formaldehyde solution for 72
hours to ensure their determination. The coronary
veins were dissected, and structures were
identified and labeled. The terminology employed
has been referenced from the Nomina Anatomica
Veterinaria 6th edition (2017).

RESULTS

In this study, we observed the vena cordis magna,
vena cordis media, and vv. cordis dextra. These
main branches were subepicardial and partly
intramyocardial. These branches terminated after
transmitting the venous blood they collected, to
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the sinus coronaries. Then sinus coronaries opened
into vena cava caudalis (Figure 1, Figure 2a and 2b,
Figure 3a and 3b, Figure 4a and 4b).

Figure 1. Dorsal view of Southern Karaman
Sheep’s heart;

A: vena cava caudalis, B: atrium dextrum, C: aorta, D:
truncus pulmonalis, E: atrium sinistrum.

Figure 2. Vena interventricularis paraconalis and

vena circumflexus sinister forming the vena cordis
magna in the Southern Karaman sheep;

a*: vena interventricularis paraconalis and the branches
opening into it;

A: atrium dextrum, B: truncus pulmonalis, C: atrium
sinistrum, a: vena coni arteriosi, b: vena collateralis
sinister distalis, ¢: vena collateralis sinister intermedia, d:
vena collateralis sinister proximalis, I: the common root
of vena coni arteriosi and vena proximalis ventriculi
dextri, 1: vena interventricularis paraconalis, arrows:
septal branches.

b*: The branches opening into vena circumflexus
sinister;

A: atrium dextrum, B: truncus pulmonalis, C: atrium
sinistrum, a: vena coni arteriosi, b: vena collateralis

sinister distalis, c¢: vena collateralis sinister intermedia, d:
vena collateralis sinister proximalis, e: vena angularis, f:
vena proximalis ventriculi sinistri, g: vena distalis
ventriculi sinistri, 1: vena interventricularis paraconalis,
2: vena circumflexus sinister, 3: vena marginis
ventricularis sinistri.

Figure 3. Sinus coronarius, vena azygos sinistra,

vena marginis ventricularis sinistri and vena
cordis media (vena interventricularis subsinosus)
in Southern Karaman sheep;

a*: The branches opening into the vena marginis
ventricularis sinistri;

A: sinus coronarius, B: vena cava caudalis, 1: vena
azygos sinistra 2: vena circumflexus sinister, 3: vena
marginis ventricularis sinistri, 4: vena cordis media
(vena interventricularis subsinosus), arrows: the
branches opening into vena marginis ventricularis
sinistri over the auricular and atrial surface of
ventriculus sinister.

b*: The branches opening into vena cordis media (vena
interventricularis subsinosus);

A: sinus coronarius, B: vena cava caudalis, C: atrium
dextrum, a: vena collateralis dexter proximalis, b: vena
collateralis dexter distalis, c¢: vena apicis cordis, 1: vena
azygos sinistra 2: vena circumflexus sinister, 3: vena
marginis ventricularis sinistri, 4: vena cordis media
(vena interventricularis subsinosus), 5: vena distalis
ventriculi dextri, arrows: the branches opening into vena
cordis media (vena interventricularis subsinosus) from
ventriculus sinister.

The sinus coronarius is the continuation of the
vena azygos sinistra and is located in the sulcus
coronarius at the bottom of the vena cava caudalis.
It ended at the sulcus interventricularis subsinosus
level by opening into the vena cava caudalis
(Figure 3a and 3b). It was identified that the main
branches forming the sinus coronarius by coming
together were the vena cordis magna, vena cordis
media, and vena marginis ventricularis sinister. It
was observed that the vena azygos sinistra
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progressed towards the cranial between the atrium
sinistrum and the vena cava caudalis, which is the
continuation of the sinus coronarius (Figure 3a and
3b).

The vena cordis magna was the most powerful
vessel involved in the hearts drainage. It started in
the lower 1/3 of the sulcus interventricularis
paraconalis around the apex cordis, called vena
interventricularis paraconalis. Upon reaching the
sulcus coronarius, it continued as vena
circumflexus sinister (Figure 2a and 2b). It was
observed that it progressed in the caudoventral of
the atrium sinistrum and ended by opening into
the sinus coronarius at the margo ventricularis
sinister level. During its course, branches from the
atrium sinistrum and ventriculus sinister opened
into it (Figure 3a and 3b).

Figure 4. Vena semicircumflexa dextri formed by
vv. cordis dextra in Southern Karaman sheep;

a*: The branches opening into vena semicircumflexa
dextri;

A: vena cava caudalis, B: atrium dextrum, a: vena
distalis ventriculi dextri, b: vena marginis ventricularis
dextri, 1: vena cordis media (vena interventricularis
subsinosus), 2: vena semicircumflexa dextri.

b*: The branches opening into vena semicircumflexa
dextri;

A: atrium dextrum, B: truncus pulmonalis, C: atrium
sinistrum, a: vena marginis ventricularis dextri, b:
common root of vena coni arteriosi and vena proximalis
ventriculi dextri, ¢ vena coni arteriosi, d: vena
proximalis ventriculi dextri, 1: vena semicircumflexa
dextri 2: vena interventricularis paraconalis.

The vena interventricularis paraconalis was
originated on the facies auricularis of the heart,
above the apex cordis, from the lower 1/3 of the
sulcus interventricularis paraconalis. It moved
towards the basis cordis in the cranial direction in
the region close to the apex cordis after

anastomosis with its thin branches with vena
marginis sinistri, vena
interventricularis subsinosus, and partially vv.
cordis dextra (Figure 2a). During its course, from

ventricularis

distal to proximal, it was identified that it received
vena collateralis sinister distalis, vena collateralis
sinister intermedia, vena coni arteriosi, vena
collateralis sinister proximalis draining ventriculus
dexter, septum
interventriculare. These main branches also
received varying numbers of thin lateral branches.
It was observed that the two septal branches in the
proximal, close to the sulcus coronarius, were

ventriculus  sinister, and

thicker than the branches draining the septum
interventriculare. Collateral veins were coursed
intramyocardially, obliquely, below the
epicardium (Figure 2a and 2b). The branches
draining the ventriculus sinister were thicker than
draining the ventriculus dexter. In all studied
materials, vena collateralis sinister proximalis et
intermedia was stronger than vena collateralis
sinister distalis. It was identified that there was a
partial anastomosis between the vena collateralis
sinister distalis et intermedia. and the vena
marginis ventricularis sinistri’s branches. The vena
collateralis sinister distalis was reaching the vena
interventricularis paraconalis through two main
branches. It was observed that the vena coni
arteriosi opened into the vena interventricularis
paraconalis through two main branches between
vena collateralis sinister proximalis et intermedia
and oppositely with the vena collateralis sinister
proximalis (Figure 2a and 2b, Figure 4b).

The vena circumflexus sinister was a continuation
of the vena interventricularis paraconalis and
coursed in the sulcus coronarius. Its origin was
where the sulcus interventricularis paraconalis and
the sulcus coronarius intersect. It coursed in the
caudoventral of the atrium sinistrum, within the
sulcus coronarius, and ended after opening into
the sinus coronarius (Figure 3a and 3b). During its
course, it receives vena proximalis atrium sinistri,
vena intermedius atrium sinistri, and vena distalis
atrium sinistri draining the atrium sinistrum.
Furthermore, it was identified that it took branches
from vena angularis, vena proximalis ventriculi
sinistri, vena distalis ventriculi sinistri, and vena
marginis ventricularis sinistri that drained the
ventriculus sinister. It was determined that the
vena angularis opened into it close to the origin of
the vena circumflexus sinister. The vena
proximalis  ventriculi sinistri subepicardially
opened into the vena circumflexus sinister, starting
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as several branches with a course parallel to the
margo ventricularis sinister in the facies
auricularis. The vena distalis ventriculi sinistri was
stronger than vena proximalis ventriculi sinistri,
and the lateral branches of these two vessels made
partial anastomosis. Apart from these branches, it
was seen that the thin branches draining the
proximal 1/3 of the ventriculus sinister were also
opened into the vena circumflexus sinister (Figure
2b, Figure 3a and 3b).

The vena marginis ventricularis sinistri, the
strongest of the ventricular branches, started in the
apex cordis region by anastomosis with the vena
interventricularis paraconalis and partially the
vena interventricularis subsinosus through its thin
lateral branches. It was directed towards the atrial
surface from the auricular surface with an oblique
course on the margo ventricularis sinister (Figure
3a and 3b). After its origin, the branches ranging
from 8 to 12 from the auricular surface and 6 to10
from the atrial surface opened into it. The branches
that were taken from the auricular surface were
more numerous and stronger. In all of the
materials studied, the vena marginis ventricularis
sinistri ended by opening into the sinus
coronarius. It was observed that the lateral
branches taken from the atrial and auricular
surfaces also anastomose with the other branches
in the vicinity (Figure 2b, Figure 3a and 3b).

The vena cordis media was formed by the union of
several branches above the apex cordis. It coursed
from the apex cordis to the basis cordis in the
sulcus interventricularis subsinosus as vena
interventricularis subsinosus. It ended by opening
into the sinus coronarius (Figure 3a and 3b). The
first branch it taked on was the vena apicis cordis
coming from the auricular surface’s direction. The
atrial face of ventriculus dexter was taken branches
from vena collateralis dexter proximalis and vena
collateralis dexter distalis from the proximal to the
distal. Apart from these branches, it was
determined that it received branches draining
ventriculus dexter, ventriculus sinister, and
septum interventriculare (Figure 3a and 3b, Figure
4a).

The vv. cordis dextra was responsible for venous
drainage of the facies atrialis of the heart. Vv.
cordis dextra coursed just caudoventral to the
atrium dextrum (Figure 4a). During its course, it
formed the semicircumflexa dextri and the vena
coni arteriosi, vena proximalis ventriculi dextri,
and vena marginis ventricularis dextri joined it.
The branch draining the conus arteriosus area was

the vena coni arteriosi, and after joining with the
vena proximalis ventriculi dextri, it opened into
the vena semicircumflexa dextri. The vena
proximalis ventriculi dextri started in two
branches from the middle 1/3 of the ventriculus
dexter and progressed closely with the vena
marginis ventricularis dextri. Both these veins
opened into the vena semicircumflexa dextri
(Figure 2a, Figure 4b). It was determined that the
vena distalis ventriculi dextri originated from the
lower 1/3 of the ventriculus dexter on the atrial
surface and ended by opening directly into the
atrium dextrum, not to the vena semicircumflexa
dextri. Apart from these branches, the vv. cordis
dextra also received branches that take part in
venous drainage of atrium dextrum and
ventriculus dexter (Figure 4a).

DISCUSSION

Coronary circulation in mammals has been studied
in various vertebrates (Budras and Habel, 2003;
Budras and Rock, 2009; Kupczynska et al., 2015),
such as birds (Bartyzel et al.,, 2009) and reptiles
(Hagensen et al., 2008). Also, there are no studies
on coronary veins of Southern Karaman sheep in
the literature. Therefore, this study aimed to
investigate the morphology of the coronary veins
in Southern Karaman sheep.

Consistent with the literature (Besoluk and
Tipirdamaz, 2001; Giirbiiz, 2015; Barszcz et al.,
2020; Giirbliz and Aksoy, 2020), this study
determined that the main vessels providing
venous drainage of the heart in Southern Karaman
sheep were vena cordis magna, vena cordis media,
and vv. cordis dextra.

Similar to the findings of our study, sinus
coronarius was found in cattle, sheep, goat (Nickel
et al.,, 1981), European bison (Barszcz et al., 2020),
and in Tuj and Hemshin sheep (Giirbiiz and
Aksoy, 2020) and it drained most of the coronary
veins of the heart (Genain et al., 2018). Likewise, in
Hemshin sheep (Giirbiiz, 2015), the sinus
coronarius opened into the vena cava caudalis.
Contrary to our study, it was reported that the
sinus coronarius opened into the atrium dextrum
(Nickel et al., 1981; Aksoy et al., 2009; Tipirdamaz
et al., 2009). Different from the study findings,
Yadm and Gad (1992) reported that the sinus
coronarius continued as the vena cordis magna in
goats. However, in the study, similar to the
literature, it was observed that the sinus
coronarius was a continuation of the vena azygos
sinistra (Tipirdamaz et al., 1999; Besoluk and
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Tipirdamaz, 2001; Aydinlik et al., 2008; Kabak and
Onuk, 2012).

In Southern Karaman sheep, cattle (Budras and
Habel, 2003), goats (Noor et al., 2015), Tuj sheep
(Aksoy et al., 2009), Angora goats and Akkaraman
sheep (Besoluk and Tipirdmaz, 2001), and
European bison (Barszcz et al., 2020), the vena
cordis magna is formed by the vena
paraconalis and vena
circumflexus sinister. It ends by opening into the

sinus coronarius.

interventricularis

In the study, unlike the findings of Barszcz et al.
(2020), and Girbiiz  (2015), the vena
interventricularis paraconalis started from the
upper side of the apex cordis. Unlike the literature
findings (Besoluk and Tipirdamaz, 2001; Aksoy et
al.,, 2009; Barone, 2011), we found that the vena
interventricularis paraconalis anastomosed with
the vena marginis ventricularis sinistri and
partially with vv. cordis dextra through the lateral
branches in addition to the vena media in the apex
cordis region. Similar to the literature findings
(Noor et al.,, 2015; Barszcz et al., 2020), it was
determined that the branches draining the
ventriculus sinister and opening into the vena
interventricularis paraconalis were stronger than
the branches draining the ventriculus dexter and
opening into the vena interventricularis
paraconalis. Unlike the findings in the literature
(Aksoy et al., 2009; Kabak and Onuk, 2012;
Giirbiiz, 2015; Barszcz et al., 2020), this study
showed that the wvena collateralis sinister
intermedia was as strong as the vena collateralis
sinister proximalis. Similar to the literature
findings (Besoluk and Tipidamaz, 2001; Barszcz et
al., 2020), this study identified that the vena
collateralis sinister proximalis was stronger than
vena collateralis sinister distalis.

Similar to the literature findings (Glirbiiz, 2015;
Barszcz et al., 2020; Glirbiiz and Aksoy, 2020), the
vena interventricularis paraconalis turned into
vena circumflexus sinister in the sulcus coronarius
in Southern Karaman sheep, and these two
branches together shaped the v. cordis magna.
Similar to Giirbiiz and Aksoy’s (2020) study, the
vena proximalis ventriculi sinistri ended by
opening into the vena circumflexus sinister.
Glrbtiz (2015) reported that vena marginis
ventricularis sinistri in Hemshin sheep and vena
angularis in two Tuj and three Hemshin sheep
anastomosed with a proximal branch opening into
vena interventricularis paraconalis. Unlike these
findings, this study identified that the vena

proximalis  ventriculi sinistri made partial
anastomosis with the lateral branches of the vena
distalis ventriculi sinistri. It has been reported that
the vena distalis ventriculi sinistri opens into the
sinus coronarius in five Tuj sheep (Aksoy et al.,
2009), roe deer (Kabak and Onuk, 2012), and
Akkaraman sheep (Besoluk and Tipirdamaz, 2001).
Different from these findings, the study found that
the vena distalis ventriculi sinistri opened to the
vena circumflexus sinister. Unlike the study’s
findings, Giirbliz (2015) and Aksoy et al. (2009)
found that this vein did not exist.

Barszcz et al. (2020) reported that the vena
marginis ventricularis sinistri started in the middle
of the apex cordis or margo ventricularis sinister.
As reported by Giirbiiz (2015) it began in the apex
cordis region of the vena marginis ventricularis
sinistri. As reported by Besoluk and Tipirdamaz
(2001), it started with anastomosis with vena
interventricularis paraconalis and partly with the
vena interventricularis subsinosus through its thin
lateral branches. Similar to the literature findings
(Besoluk and Tipirdamaz, 2001; Giirbiiz, 2015;
Barszcz et al.,, 2020) it was found that it ended by
opening into the sinus coronarius. It has been
reported that in European bison (Barszcz et al.
2020) various numbers of branches in the auricular
and atrial surface join it and also, it receives 6-9
branches in the auricular surface, and 5-8 branches
in the atrial surface in Tuj and Hemshin sheep
(Glirbiiz, 2015). In this study, it was seen that the
vena marginis ventricularis sinistri received
branches ranging from 8 to 12 from the auricular
surface and 6 tol0 from the atrial surface. It was
determined that there were more branches taken
from the auricular surface and they were stronger.
Similar to the study’s findings, the literature has
reported (Giirbiiz, 2015) that the strongest branch
is the vena marginis ventricularis sinistri draining
ventriculus sinister.

Barszcz et al. (2020) reported that vena cordis
media began its course with its two branches
getting together; following the study’s findings,
the first branch was the vena apicis cordis coming
from the auricular surface direction. Unlike the
study findings, some studies in the literature
(Besoluk and Tipirdamaz, 2001; Aydinlik et al.,
2008; Aksoy et al., 2009, Giirbiiz, 2015) did not
mention the vena apicis cordis. Similar to the
study’s findings, Giirbiiz (2015) determined that
the vena cordis media moved towards the basis
cordis within the sulcus interventricularis
subsinosus as vena interventricularis subsinosus.
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Many domestic animal studies detected vena
cordis media (Dursun, 1994; Konig and Liebich,
2009). Sinus coronarius sometimes directly opens
into the atrium dextrum in cattle (Nickel et al.,
1981) and European bison (Barszcz et al., 2020). In
this study we observed that the vena cordis media
opened into the sinus coronarius, unlike European
bison (Barszcz et al., 2020), and cattle (Nickel et al.,
1981). Similar to the Giirbiiz's (2015) findings, it
was observed that the branches draining the
ventriculus dexter, ventriculus sinister, and
septum interventriculare opened into the vena
cordis media.

Similar to the literature findings (Yadm and Gad,
1992; Tipirdamaz et al., 1999; Besoluk and
Tipirdamaz, 2001, Aksoy et al., 2009), in the study
it was found that vv. cordis dextra was the vein
responsible for venous drainage of the facies
atrialis of the heart, and this vein ended by
opening into the atrium dextrum. Unlike the
findings of this study, Giirbiiz and Aksoy (2020) in
five Hemshin sheep, reported that there was no
vena semicircumflexa dextri. This study
determined that the vena semicircumflexa dextri
was present, similar to some literature findings
(Nickel et al., 1981; Aksoy et al., 2009; Kabak and
Onuk, 2012). Similar to the findings of this study,
Tipirdamaz et al. (1999), Aksoy et al. (2009), and
Gilirbiiz (2015) reported that the vena distalis
ventriculi dextri opened directly into the atrium
dextrum. As Giirbiiz (2015) reported in eight Tuj
and two Hemshin sheep, the vena coni arteriosi
and vena proximalis ventriculi dextri merged to
form a common root and opened into the vena
semicircumflexa dextri.

* The vena cordis media was opening into the
sinus coronaries.

* The vena semicircumflexa dextri was present.
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CONCLUSION

In this study we found that vena cordis magna,
vena cordis media, and vv. cordis dextra were the
main veins responsible for the venous drainage of
the heart. However, some morphologic differences
of the heart vein were determined in Southern
Karaman sheep than other species in the literature.
The differences were as follows;

= Sinus coronarius was a continuation of vena
azygos sinistra, and it was opening into vena
cava caudalis.

* Vena collateralis sinister intermedia was as
strong as vena collateralis sinister proximalis.

* Vena distalis ventriculi sinistri was opening
into vena circumflexus sinister,

= The vena apicis cordis was absent.
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ABSTRACT

Objective: In this study, it was planned to examine the mineral levels in the milk of different dog breeds
during the lactation period. Calcium (Ca), magnesium (Mg), potassium (K), sodium (Na), copper (Cu),
zinc (Zn), manganese (Mn) and iron (Fe) concentrations were analyzed in dog milk.

Materials and methods: In this research 6 Labradors, 6 German Shepherds, 6 Pointers, 5 Turkish Tazis
(sighthound), 5 Setters, 7 Malinois, and 5 Golden Retrievers (a total of 40 dogs) of 3 to 4 years of age were
used as research materials, all of which were under same management and feeding conditions. All dogs
were on diets appropriate for gestation and lactation periods. Adequate milk volume could be collected 2-
3 weeks after parturition, and there were no known medical problems. Each day's samples were kept
capped and refrigerated after being collected. The concentrations of calcium, magnesium, potassium,
sodium, copper, zinc, manganese and iron, were analyzed by using Varian Brand 30/40 model AAS
device.

Results: The Ca, K, Na, Zn, Mn and Fe levels of milk samples from different dog breeds had no significant
difference. The highest Mg level was determined in Pointer breed milk samples, and the lowest was
determined in Setter milk samples. The highest Cu levels among the inspected races were in Labrador
milk samples, whereas the lowest levels were determined in Setter breeds.

Conclusion: This data shows that most of the analyzed milk content of different breeds of dogs did not
change significantly during the same lactation period, and any present difference could be taken into
account when evaluating breeding studies.

Keywords: Dog, milk, Macro minerals, Trace minerals

INTRODUCTION found only in milk, like lactose, casein,
lactalbumin, and lactoglobulin. The energy value
of milk differs based on its composition. One liter
of 3% fat consumer milk provides 615 kcal energy.
The composition of the milk differs based on the
environmental conditions in which the lactating
animal lives. Dogs reach twice their birth weight in
9 days, perhaps related to the protein content of
the dog's milk, which is 7.3%. Humans, on the
other hand, reach twice their birth rate within 180

Dog milk is a fluid that contains enough nutrients
that are secreted at different times in the milk
glands to feed newborn puppies of female dogs,
and the puppy is obliged to consume until it is able
to feed itself (Ergun and Mert, 1984). Milk is
regarded as a basic food substance by nutritionists.
It is important for its calcium, phosphorus, and
riboflavin (Vit B2) content. It also contains essential
amino acids and fatty acids. Certain substances are
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days, and the protein content of human milk is
1.6% (Bremel, 1995).

Some major and trace elements are necessary for
mammals in many physiological functions such as
bone and cartilage formation, enzymatic reactions,
intracellular and extracellular fluid balances,
oxygen transport, electron transfer reactions,
normal muscle and nerve functions and hormone
production. It is reported that imbalances arising
from excess minerals or their deficiencies are
associated with pathological conditions (Mert et
al., 2008).

Na, K, Ca, Mg, Cl, and phosphate are the basic
mineral substances in milk, and there are also
many trace elements in it (Ergun and Mert, 1984).
The trace elements in the milk are mostly ionic and
in salt forms. Since their quantities are very small,
their presences are investigated spectrometrically.
Generally, those with a lower presence than that
can be expressed with “mg/kg” are regarded as
trace elements. Feeding of the mother affects the
amount of trace element levels. The amount may
also vary according to the point of time during the
lactation period. In contaminations, some metals
may pass through the milk and can change the
actual amount. Some trace elements have vital
preservation roles and are called micronutrient
elements. Micronutrients are Iron, Copper, Cobalt,
Zinc, and lodine. Micronutrients are important in
nutritional physiology, such as the cobalt taking
part in vitamin B12 structure. They are found in
the composition of enzymes, and Fe is involved in
the structure of catalase and peroxidase enzymes.
They may act as enzyme activators or inhibitors as
well.

They also take part in certain chemical reactions
that take place within milk and milk products,
which may cause quality defects. Cu, for example,
causes autooxidation of milk fat. The trace
elements are found in the coenzymes (prosthetic
group) of the enzymes in the milk. Molybdenum,
for instance, is involved in the structure of the
xanthine oxidase enzyme. They are also influential
in the activity of enzymes. For example, Mg*™,
Mn*, Co*, and Zn* enhance the activity of
alkaline phosphatase. When the amount of trace
elements increases, they play a catalytic role in
chemical and biochemical reactions and have an
adverse effect in high quantities. An increase in
copper (>10-5 mol) leads to ascorbic acid
autooxidation in milk. For this reason, tools and
equipment made of copper shouldn’t be used
(Keen et al., 1982; Bremel, 1995).

In this study, it was aimed to determine the
mineral levels in milk samples obtained from
different dog breeds.

MATERIALS and METHODS

The study was conducted according to ethical
guidelines and under the supervision of Hatay
Mustafa Kemal University Local Ethics Committee
board (Decision no: 2022/01-11). All animal-use
protocols were carried out in accordance with
Directive 2010/63/EU of the European Parliament
and Council of 22 September 2010 on the
protection of animals used for scientific purposes
(European Union Directive, 2010). In this research
6 Labradors, 6 German Shepherds, 6 Pointers, 5
Turkish Tazis, 5 Setters, 7 Malinois, and 5 Golden
Retrievers (a total of 40 dogs) of 3 to 4 years of age
were used as research materials, all of which were
under the same management and feeding
conditions. Depending on the age of the animals
and the orientation of the dogs, commercial dog
food was used and an individualized feeding
program was applied. The composition of this
commercial dog food was as follows: crude protein
minimum 28%, crude fat minimum 16%, crude
cellulose maximum 3% and crude ash maximum
7%. Additionally, all dogs were on diets
appropriate for gestation and lactation periods.
Adequate milk volume could be collected 2-3
weeks after parturition, and there were no known
medical problems. Each day’s samples were kept
capped and refrigerated after being collected.
Within 24 hours after collection of the last day’s
sample, all samples were transported to the
laboratory in a cold chain. Samples were then
warmed (+5°C) in a heat block and turned over
repeatedly to resuspend any cream layer that had
separated. Maximum attention was given to
prevent contamination of the mineral matter of the
samples (Salisbury and Chan, 1985).

Homogenized milk samples were digested in acid-
rinsed glass Pyrex tubes using trace metal-grade
concentrated nitric acid for 5 h at 125°C for AAS
measurements. The concentrations of calcium,
magnesium, potassium, sodium, copper, zinc,
manganese, and iron were investigated in dog
milk samples during the course of the lactation
period. Mineral analyses were performed using
Varian Brand 30/40 model AAS device and the
Varian GTA-96 graphite tube atomizer with
method. The
measurements were made in automated mode and

electrothermal atomization
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were repeated twice (Tayar et al., 1993; Mert et al.,
1994).

Statistical analysis

SPSS 22.0 Windows program (evaluation version)
was used for statistical analysis of the data. One-
way ANOVA test was used for data analysis;
Duncan test was used for multiple comparison
P<0.05 was considered statistically
significant.

tests.

RESULTS

The mineral levels of milk samples obtained from
different dog breeds are given in Table 1. Ca, K,
Na, Zn, Mn and Fe levels were found to have no
significant difference among breeds. The highest
Mg level was found in Pointer milk samples and
the lowest was in Setter milk samples (p<0.001).
The highest Cu levels amongst races were found in
Labrador (5.14+0.94), Turkish Tazi (5.04+0.48) and
German Shepherd (4.98+0.66) breed milk samples,
while the lowest levels were determined in Setter

(3.97#0.35) and Golden Retriever (4.11+0.66)
samples (p<0.001).
Table 1. Some macro and trace minerals levels in milk samples obtained from different dog breeds.
X£Sx
oty Labrador SR ointer TRURseer vt (U e
(n=6) (n=5) (n=5)
Ca 5.85+1.18 5.03+0.98 4.46x0.77 6.17+1.22 5.45+1.02  5.88+0.98 4.95+0.77 0.073
Mg 0.87+0.112 0.71+0.09b¢ 0.89+0.13*  0.77+0.092><  0.65+0.08¢ 0.69+0.07>  0.81+0.08%° 0.001
K 12.65+1.74 10.44+1.44 11.66+1.34  11.55+1.26  12.01+1.08 11.79+1.11 12.46+1.36 0.160
Na 5.02+1.07 4.74+0.99 4.98+0.98 4.56+0.77 4.98+0.67  4.95+1.08 5.13+1.05 0.972
Cu 5.14+0.942 4.98+0.662 4.46x0.75%  5.04+0.48*  3.97+0.35* 4.76+0.45®  4.11+0.66° 0.027
Zn 44.19+4.64 43.72+3.98 47.18+4.08  41.76+3.65 42.68+3.99 40.92+4.06 46.78+4.14 0.099
Mn 0.18+0.04 0.15+0.03 0.23+0.05 0.20+0.02 0.22+0.06  0.19+0.04 0.18+0.03 0.053
Fe 6.63+1.21 6.88+1.32 7.04+1.34 6.91+1.04 6.42+1.03  6.76+1.12 7.10£1.12 0.969
DISCUSSION (Ergun and Mert, 1984; Mert et al., 1993). This term

It is important to know which trace elements are
required for adequate growth and development
during this challenging life
expectancy since infants usually receive all their

nutritionally

nutrition from one type of food. A number of
factors affect the trace element content of the milk
(Davidson et al., 1994).

Heinze et al. (2014) analyzed the mineral content of
homogenized breast-milk in samples digested with
concentrated nitric acid (70%), and found the
levels of some minerals as; calcium 6.56+1.22
mmol/L, magnesium 0.93+0.18 mmol/L, potassium
15.1+2.1 mmol/L, sodium 6.35+x1.4 mmol/L. and
copper 9.24+1.81 umol/L, iron 10.0+7.9 pmol/L,
manganese 0.21+0.15 pmol/L, rubidium 13.1+2.9
umol/L, selenium 0.21+0.06 umol/L, strontium
0.5040.16 umol/L, Zinc 66.7+14.4 umol/L.

Microminerals also called micronutrients or trace
elements, have been described physiologically as
substances that are less than 0.01% of body weight

covers all elements, except for those that make up
the organic matrix (carbon, hydrogen, nitrogen,
oxygen, and sulfur), as well as body minerals of
fluids and
magnesium, potassium,
phosphorus).
macroscopic and microminerals and is often
processed separately because of its long history
and well-documented physiology (Davidson et al.,
1994).

Concrete

biological skeletons  (calcium,

sodium, chlorine and

Iron is the boundary between

clinical syndromes associated with
deficiency of zinc, copper, and iodine are well
described (Casey and Walravens, 1988). Iron
deficiency does not appear in infants in humans
before 6 months due to large deposits of iron at
birth (Cavell and Widdowson, 1964; Dallman,
1988). Although specific physiological and/or
attributed to

manganese,

enzymatic functions can be

molybdenum  and nutritional
deficiencies in these elements have not been

documented in infants (Casey and Walravens,
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1988). The bioavailability of a large number of
trace elements that are considered important or
important for the growth of a child is available
only for iron, zinc, copper, manganese, and
selenium.

The concentration of most trace elements in human
milk is less dependent on the consumption of the
mother or blood (IOM, 1991). Exceptions are
"anionic" elements: iodine, fluorine, and selenium.
Excessive consumption of many elements,
especially those that are metabolized as anions, can
be associated with a risk of toxicity for the infant,
and strengthening of the suckling mother in terms
of these elements is usually not recommended.

The concentration of iron in the milk in most of the
domestic animals are in the range of 0.2-1.0 pg/mL
at slightly higher levels than in the colostrums.
Lonnerdal et al. (1982) reported that about 20% of
iron was found to have fat content in the milk and
30-60% in the casein fraction. Iron levels in other
animals are as follows: cows 0.2-0.6 pg/mL, buffalo
0.2-0.3 pg/ml, goat 0.3-0.4 pg/mL (Lonnerdal et al.,
1981; Kincaid and Cronrath, 1992).

Zinc is an important component of more than 200
enzymes that can act both catalytically and
structurally (Hambidge et al., 1986; IOM, 1991). It
seems that it plays a critical role in the expression
of genes as well: many DNA-binding proteins are
zinc complexes. Zinc metalloproteins are also
important for protecting the integrity of cell
membranes and extracellular matrix architecture
(Waxman and Wasan, 1992). Depending on the
extent of zinc depletion, deficits in young
mammals can lead to delayed growth, anorexia
and severe diarrhea and skin lesions (Hambidge et
al., 1986, Casey and Walravens, 1988). Due to
higher growth rates in men and premature babies,
the demand for zinc is increased and they are more
vulnerable to deficits (Krebs and Hambidge, 1986).
Zinc is found in three main fractions of milk; fat,
casein and whey, in various chemical forms. The
concentration of zinc is higher in colostrum, which
decreases during lactation. Zn concentrations in
dogs ranged from 7 to 8 (ug/mL) according to
Anderson et al. (1991) and Lonnerdal et al. (1981)
whereas in cats it is 5-7 (ug/mL) according to Keen
et al. (1982).

Copper is a component of many metalloenzymes

such as cytochrome oxidase, superoxide
dismutase, ceruloplasmin, enzymes that play a role
in the transport of copper into tissues and in the

release of iron and in the synthesis of connective

tissue, melanin, and catecholamines (Casey and
Walravens, 1988). The deficiency of copper as a
result of malnutrition is observed in humans and
other species, especially amongst young members.
Interaction with excess molybdenum and sulfate
may be important in the etiology of copper
deficiency in pastoral animals. In general,
insufficiency in young mammals causes anemia,
anorexia, diarrhea, bone disorders, and defects in
cartilage, hair growth, and pigmentation (Davis
and Mertz, 1987). In many newborns, including
humans, the concentration of copper in the liver is
higher than in adults, except for sheep. In humans
and mice, the level of fetal liver copper can reach
up to 10 times in comparison with adults. This
copper is closely related to intracellular
metallothionein. In all species, the levels in the
colostrum are higher but are reduced after a period
of lactation. The drop in the copper amount in milk
is usually less than the drop in the zinc level,
however, a significantly higher percentage, 30-40%
of copper in animal milk, is found associated with
casein, compared to human milk. In companion
animals, the levels are usually an order of
magnitude higher than in other animals. In canine
milk, the concentration of Cu is 1.3-2 (ug/mL)
according to Anderson (1991) and Lonnerdal et al.,
(1981). In cats, the Cu amount is 0.8-1.2 (pug/mL)
according to Keen et al (1982).

Metalloenzymes of manganese have a wide range
of metabolic functions:
mucopolysaccharides,  gluconeogenesis, lipid
metabolism, neurotransmitters and synthesis of
mitochondrial superoxide dismutase at the same

synthesis of

time. Manganese deficiencies have been obtained
experimentally in several species, but are naturally
found in pig and poultry diets, yet have never
been found in some people (Hurley and Keen,
1987). Fetal life and premature infancy are the
most sensitive periods of manganese deficiency. In
dogs, the Mn amount in milk is about 140 (ng/mL),
but in colostrum, it was measured approximately
160 (ng/mL) by Lonnerdal et al. (1981).

The main ionic constituents of milk are
monovalent ions of sodium, potassium and
chloride, and bivalent calcium, magnesium, citrate,
phosphate and sulfate ions. Monovalent ions of
sodium, potassium, and chloride are amongst the
most prevalent minerals in milk, collectively
contributing 30 mOsm or a tenth of the total
osmolarity of human milk, 82 mOsm or a quarter
of the osmolarity of bovine milk, and 196 mOsm or
almost two-thirds of the osmolarity of rabbit milk
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(Peaker, 1977).
concentrations of basic monovalent cations in milk

Significant ~ changes in
are associated with conditions that facilitate the
close bonds between epithelial cells. The main
pathological process that changes the content of a
monovalent cation in milk is mastitis or localized
breast tissue inflammation. Inflammation opens
connections between cells, and changes in sodium
and chloride content can be determined by
measuring the electrical conductivity of milk from
animals with mastitis (Linzell and Peaker, 1971). In
general, changes in concentration are not
associated with systemic diseases, such as diabetes
(Butte et al., 1987), cystic fibrosis or local diseases
such as mastitis. Some effects on calcium and
magnesium have been observed by some authors
(Lonnerdal, 1986a; Lonnerdal, 1986b). There are
few reports that claim pharmacological doses of
magnesium sulfate increase the magnesium
concentration in colostrum (Cruikshank et al,,
1982). Dietary and seasonal effects on the
concentration of calcium and citrate in bovine milk
have been reported by Halt and Muir (1979). As
the serum citrate increases, calcium increases
markedly in the first few days after birth, and then
slowly drops to 6.6 mmol/L in the first 3 months
after birth. After 3 months, calcium level slowly
and consistently falls. Iron, zinc, copper, and
magnesium  concentrations  decrease
lactation, whereas calcium and phosphorus
concentrations increase.

during

During the first 45 days of lactation, iron, copper,
zinc, manganese, calcium, magnesium, protein,
carbohydrate and fat content of dogs were
analyzed. The concentration of iron significantly
decreased from 13 ug/mL to 0 to 6 pg/mL. The
concentration of zinc is reduced from 9.6 pg/ml to
8.7 ug/mL. During early lactation, the calcium
concentration increased from 1.366 pg/mL to 1.757
pg/ml on day 10 but then changed slightly.
Concentrations of copper, manganese, magnesium,
and carbohydrates did not show strong
developmental structures; the mean values were
1.8 pg/mL, 0.14 pg/mL, 59 pg/mL and 4.5%,
respectively (Lonnerdal et al., 1981).

highest Mg levels were determined in Pointer milk
samples and the lowest levels were found in Setter
milk samples. The highest Cu levels amongst races
were found in Labrador milk samples whereas the
lowest levels were determined in Setters. These
data show that milk mineral content of different
breeds of dogs should be taken into account in
nutritional studies.

ACKNOWLEDGMENTS

Conflict of Interests: The authors declared that
there is no conflict of interests.

Financial Disclosure: The authors declared that
this study has received no financial support.

Author’s Contributions: IS, NM and HM designed
the study; NG and MC supervising and consulting;
MC and IS collecting data and processing; NM,
HM, and IS: data analysis and literature review;
NM, HM, and IS: writing of the article; NG: critical
review. IS: Inci Sogiitlii, NM: Nihat Mert, HM:
Handan Mert, NG: Nizamettin Gunbatar, MC:
Mustafa Cellat

CONCLUSION

The concentrations of calcium, magnesium,
potassium, sodium, copper, zinc, manganese and
iron were analyzed in dog milk during the course
of lactation. The Ca, K, Na, Zn, Mn and Fe levels of
milk samples from different dog breeds were
found to have no significant difference. The
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ABSTRACT

A 19-day-old, male crossbreed kid with complications of difficulty in urination was referred to the
Veterinary Teaching Hospital, Aydin Adnan Menderes University. A purple thin-walled, fluid-filled
structure was noticed on the ventral midline and was associated with the prepuce. The cystic structure

was sharply incised, and the incision was extended from the most cranial to the most caudal extent of the
dilatation. Penile urethral diverticulectomy was performed by the guidance of the urethral catheter.
Postoperative attempts at urination resulted in free-flowing streams, and the kid did not have strangury.
Sutures and urethral catheter were removed 10 days after surgery.

Keywords: Kid, Dysuria, Diverticulectomy, Urethral diverticulum

INTRODUCTION

A Reproductive anomaly in farm animals are
frequently reported. Conditions of
pseudohermaphrodism, gonadal hypoplasia and
aplasia, and various segmental hypoplasias and
deformities have been recognized (Rousseaux and
Ribble, 1988; Omidi et al., 2011; Bodh and Jadon,
2017; Ali et al., 2020). The common anomalies seen
are hypospadias, patent urachus and renal
agenesis in goats. These anomalies are usually
present in multiples and are often seen with
anomalies of other systems (King et al., 2002,
Almubarak et al.,, 2016). Most congenital defects
have no clearly established cause; others are
caused by genetic or environmental factors or a
combination of both; in many cases, the causes are
unknown (Blood et al., 1983).

Urethral diverticulum is a condition in which a
variably sized "pocket" or outpouching forms next
to the urethra and it is either congenital or
acquired (Blood et al., 1983; Karras et al., 1992;
Anderson et al., 1993). Urethral diverticulum is

observed at the pre and post scrotal spot in
animals, and emerges as a result of the transient
urethral obstruction, or much less frequently due
to bacterial urethritis of the lower urinary section
(Anderson et al., 1993; Gasthuys et al., 1993).

The present case report aimed to evaluate the
surgical treatment outcomes of the penile urethral
diverticulum in a male crossbreed kid.

CASE HISTORY

A 19-day-old, male crossbreed kid was brought to
the Surgery Clinic, Faculty of Veterinary Medicine,
Aydin Adnan Menderes University, with
incontinence and dysuria since birth. The owner
noticed that the animal has poor sucking reflex,
was vocalizing and straining during urination, and
has swelling on the prepuce area. Clinical
examination of the kid revealed a purple thin-
walled, fluid-filled structure on the ventral midline
associated with the prepuce (Figure 1A).
Exteriorization of the penis was possible. During
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the examination, dribbling of small amount of
urine was observed.

Figure 1. Penile urethral diverticulum on the
preputial region (A), The appearance of kid with
congenital penile urethral diverticulum prior to
surgery (B), Penile urethral diverticulectomy by
the guidance of the urethral catheter (C), The

appearance of kid with congenital penile urethral
diverticulum after to surgery (D).

The urethral process and glans penis were freed
with gentle caudal traction of the prepuce.
Exploratory puncture gave urine. It was tender
when the diverticular swelling was pressed where
urine came from the normal urethral opening.
Heart rate, respiratory rate and rectal temperature
were 112/min, 30/min and 39.1°C, respectively.
Mucosal membrane color, capillary refill time,
appetite and hydration status were normal. Blood
values were within physiological ranges.

A lubricated sterile catheter (3.5 F) was placed in
the urethra. The operation area was prepared for
aseptic surgery. The kid was anesthetized with 0.2
mg/kg xylazine hydrochloride, im. (Alfazyne,
Egevet, Turkey) and 0.11 mg/kg i.m. ketamine
hydrochloride (Alfamine, Egevet, Turkey) by
intramuscular injection. The kid was placed in
dorsal recumbency on the operating table. Lactated
Ringer’s solution (2 mg/kg/h) was administered
during the operation. The surgical site was
prepared aseptically. The urine in the swelling of
the diverticulum was evacuated by manipulation
(Figure 1B). The cystic structure was sharply
incised, and the incision was extended from the
most cranial to the most caudal extent of the
diverticulum. Penile urethral diverticulectomy was
performed by the guidance of the urethral catheter
(Figure 1C). Urethra and skin sutured with 4-0
polyglactin 910 (Vicryl) and 4-0 silk (mersilk) in a
simple interrupted pattern, respectively (Figure
1D).

Antibiotic (25.000 IU/kg/day, intramuscularly,
Penicillin G procaine) was administered for 7 days
post-operatively. Post-operative attempts at
urination resulted in free-flowing streams, and the
kid no longer had strangury. Urethral catheter and
sutures were removed 10 days post-surgery. The
surgical wound healed without any complications.

DISCUSSION

Abnormalities of the reproductive system are
common in farm animals, and more common in
goats than in sheep. Congenital or hereditary
urethral anomalies include urethral stenosis,
urethral agenesis, urethral diverticula,
urethrorectal fistula, imperforate urethra and
urethral duplication, (Wolfe, 1986; Rousseaux and
Ribble, 1988; Weaver et al., 1992; Sylly et al., 2019).
Urethral dilatation in goats can be combined with
congenital anomalies such as hermophradismus,
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cryptorchism and dilatation of vesica urinaria
(Sylly et al, 2019). The congenital urethral
diverticulum was reported in a goat (Karras et al.,
1992). Temizsoylu (2005) reported congenital
urethral diverticulum and phimosis in male a kid.
Sindak et al. (2010) reported urethral dilatation,
ectopic testis, hypoplasia penis, phimosis in a Kilis
goat kid. In this case, clinical examination revealed
a purple thin-walled, fluid-filled structure on the
ventral midline associated with the prepuce. The
urethral diverticulum was diagnosed according to
clinical findings and this defect was also
congenital. Urine stasis in the dilated portion of
the urethra may result in bacterial urethritis from
ascending infections. Excision of the urethral
dilatation or perineal urethrostomy should be
considered if an infection is refractory to
conservative management (Karras et al., 1992;
Anderson et al., 1993; Gasthuys et al., 1996; Sylly et
al., 2019). The condition is generally associated
with urethritis and/or cystitis as a result of an
accumulation of urine in the swelling for a long
period and even rupture of the urinary bladder
may ensue if the condition was associated with
aplasia of the penis (Anderson et al., 1993; Javdani
et al., 2009). We did not encounter any signs of
urethritis or cystitis and the penis and scrotum
were normal in our case.

Magda and Youssef (2009) reported urethral
diverticulum in 7 kids. The penile urethral
diverticular extension was ovoid in four cases and
ovoid with multiple swellings pre and post scrotal
in two cases. In our case, the penile diverticulum
was ovoid and swelling was ventrally located at
pre scrotal region.

Previous studies have reported that local swelling
in urethral dilatation has a fluctuant character
(Temizsoylu, 2002; Magda and Youssef, 2009;).
Urination is achieved by pressure on swelling and
is painful. Our findings were in agreement with
those demonstrated symptoms.

Urethral structures in small ruminants are usually
treated by amputation or prophylactically (Fuller
et al,, 1992; Karras et al.,, 1992; King et al., 2002;
Cruz-Arambulo et al.,, 2003). Treatment of such
cases was directed towards surgical correction
when it is possible (Karras et al., 1992), otherwise,
perineal urethrostomy or penile resection is
indicated if an infection is refractory to
conservative management. Several researchers
(Anderson et al., 1993; Temizsoylu, 2005; Sedeek
and Bakr, 2009) had suggested excision and
perineal urethrostomy for the treatment of urethral

diverticulum. Temizsoylu (2005) treated urethral
dilatation by wurethrostomy; and phimosis by
amputation of narrowed preputium. Sindak et al.
(2010) treated urethral dilatation by urethrostomy
in the male goat kid. They considered no treatment
for hypoplasia penis, phimosis and ectopic testis
due to infertility. Sedeek and Bakr (2009)
performed perineal urethrostomy and partial
resection of the penis including the dilated urethra.
In the present case report, the urethral
diverticulum in the male goat kid was treated by
urethrostomy.

CONCLUSION

In conclusion, in the present report, the urethral
diverticulum was surgically treated using excision
and urethrostomy successfully. No complications
were seen next days.
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