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Protective effect of L-carnitine against ethanol-induced
gastric damage: Investigation of possible mechanisms of

action
ABSTRACT
The underlying mechanisms of L-carnitine’s (L-CAR) protective effect against ethanol Emrah ipek*
(EtOH)-induced gastric mucosal damage were investigated in this study. The rats were Sule Yurdagiil Ozsoy”

randomly divided into four groups: control (CON), EtOH, EtOH + L-CARS50, and EtOH
+ LCAR100. Control group was given saline (5 mL/kg) twice at 1-hour interval. EtOH
group was given 5 mL/kg saline 1-hour before absolute EtOH administration (5 mL/kg).
EtOH + LCARS50 group received 50 mg/kg LCAR 1-hour before absolute EtOH
administration (5 mL/kg). EtOH + LCAR100 group received 100 mg/kg LCAR 1-hour
before absolute EtOH administration (5 mL/kg). All the rats were euthanized 1 hour
after the administration of EtOH. The gastric lesion area was grossly examined, and . Y
gastric lesions were histopathologically evaluated. Real-time PCR was used to examine Veterinary Medicine,
the expression of cyclooxygenase 1 and 2 (COX-1 and COX-2), inducible- and Department of Pathology,
endothelial- nitric oxide synthase (iNOS and eNOS), tumor necrosis factor alpha (TNF- Aydm, Tirkiye
a), heat shock protein 70 (HSP70), and trefoil factor 2 (TFF2) mRNA in the gastric
mucosa. Histopathological examination revealed that L-CAR treatment reduced the
severity and extent of gastric lesions caused by EtOH administration, such as shedding
of the superficial epithelium, glandular gland necrosis, intralesional hemorrhage,
submucosal edema, and neutrophil infiltration. L-CAR administration was found to

! Aydin Adnan Menderes
University, Faculty of

significantly reduce the mRNA levels of COX-2, iNOS, eNOS, and TNF-a in the gastric ORCID-
mucosa compared to EtOH administration alone. It was determined that L-CAR 20000-0002-5247-5222
administration further increased the gastric mucosal HSP70 mRNA expression than b0000-0002-0743-2063

EtOH administration alone. L-CAR treatment increased TFF2 expression which was
decreased after EtOH administration. Finally, L-CAR administration was thought to
protect against EtOH-induced gastric mucosal damage by regulating the expression of
gastric mucosal COX and NOS systems, reducing the inflammatory cytokine levels,
inducing a cellular stress response, and stimulating the expression of factors associated
with mucus secretion and gastric epithelium restitution. Correspondence

Keywords: Cyclooxygenase, ethanol, heat shock protein, L-carnitine, nitric oxide Emrah Ipek

synthetase, trefoil peptides ipek.emrah@adu.edu.tr

NTRODUCTION

A mucus-bicarbonate-phospholipid barrier covering the surface of Article info
the gastric mucosa, epithelium, and gastric microcirculation, as Submission: 26-03-2023
well as gastroprotective factors (prostaglandins, nitric oxide, heat Accepted: 01-06-2023
shock proteins, trefoil factor family peptides) secreted by epithelium and Publication: 30-08-2023

endothelial cells, maintain gastric mucosal integrity (Aihara et al., 2017;
MacNaughton et al., 1989a; Martin and Wallace, 2006; Tsukimi and Okabe,
2001). Necrotizing agents, such as ethyl alcohol (EtOH), cause focal
hemorrhagic lesions by destroying the gastric mucosal barrier via unknown
mechanisms (Chen et al., 2021). Microscopically, EtOH-induced lesions
show necrosis and exfoliation of the glandular glands and cells covering the
gastric luminal surface and pits in addition to interstitial hemorrhage,
capillary hyperemia, and thrombosis (Guth et al., 1984; Lacy and Ito, 1982).
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Protective effect of L-carnitine against gastric damage

EtOH-induced gastric mucosal lesions are most
likely associated with the microvascular lesions.
Vascular changes are thought to cause gastric
mucosal damage by decreasing regional blood
flow (Oates and Hakkinen, 1988; Szabo et al.,
1985). Gastric epithelium initiates a cellular stress
pathway in response to EtOH-induced gastric
damage. To reduce EtOH-related gastric damage
in rodents, cyclooxygenase (COX) and nitric
oxide synthetase (NOS) systems are activated,
and heat shock protein 70 (HSP70) expression is
increased (Bakalarz et al., 2021; Magierowska et
al., 2015; Saika et al., 2000; Zhao et al., 2009).

L-carnitine (L-CAR), synthesized
endogenously from lysine and methionine
precursors, is essential for the transfer of long-
chain fatty acids to mitochondria (Kart et al.,
2006). L-CAR has been shown in animal studies
to protect against gastric mucosal damage caused
by various irritants. Studies indicate that L-CAR
administration protects against EtOH-induced
damage by decreasing gastric mucosal lipid
peroxidation, and by increasing the glutathione,
prostaglandin E2, and nitric oxide levels (Arafa
and Sayed-Ahmed, 2003; Dokmeci et al., 2005;
Erkin et al., 2006; Izgiit-Uysal et al., 2007; Madi
and Al-Barr, 2014). However, only a few studies
have investigated the underlying mechanisms to
explain the gastroprotective effect of L-CAR,
particularly those related to the gastric mucosal
barrier (Izgiit-Uysal et al., 2007; Madi and Al-
Barr, 2014). In this study, we investigated the
underlying mechanisms of gastroprotective effect
of L-CAR against EtOH-induced gastric mucosal
damage in rats. To this end, COX-1, COX-2,
inducible- and endothelial- NOS (iNOS and
eNOS), HSP70, pro-inflammatory cytokine TNF-
o, and TFF2 levels were evaluated to understand
the potential role of L-CAR in gastroprotection.

MATERIALS AND METHODS
Animals

A total of thirty-two 8-weeks-old male Sprague-
Dawley rats weighing 200-250 g obtained from
Adnan Menderes University Veterinary Faculty

Experimental Animals Production and Research
Center were used in this study. Throughout the
experiment, the rats were housed in transparent
polycarbonate cages at 22°C + 2°C, 50%—70%
humidity, and 12/12 hours light/dark conditions,
and were fed ad libitum with standard rat feed. All
the experimental procedures were approved by the
local ethics committee of Aydin Adnan Menderes
University (Approval no. 64583101/2020/009).

After two-weeks, the rats were randomly
assigned to one of four groups: control (CON),
EtOH, EtOH + LCAR50, and EtOH +
LCAR100. Before the chemical application, all
rats were subjected to fasting for 24 hours. The
detailed applications for each group are given
below:

1. Control group — rats were given saline (5
mL/kg) twice at 1-hour interval.

2. EtOH group — 5 mL/kg saline 1-hour before
absolute EtOH administration (5 mL/kg).

3. EtOH + LCAR50 — 50 mg/kg LCAR 1-hour
before absolute EtOH administration (5
mL/kg).

4. EtOH + LCAR100 — 100 mg/kg LCAR 1-
hour before absolute EtOH administration (5
mL/kg).

The orogastric tube was used to administer all
chemicals intragastrically. The L-CAR doses to be
administered were determined based on studies
that found protective effects against EtOH-induced
gastric mucosal damage (Madi and Al-Barr, 2014).
We obtained absolute EtOH (CAS no.: 64-17-5)
from Merck KgaA (Darmstadt, Germany) and L-
CAR (CAS no.: 541-15-1) from Sigma-Aldrich
(St. Louis, MO, USA). All chemicals were of
analytical purity. All the rats were euthanized by
cervical dislocation under general anesthesia
induced by intraperitoneal injections of 50 mg/kg
ketamine (Ketasol: Richter Pharma AG, Wels,
Austria) and 5 mg/kg xylazine (Ksilazin: IPM
Pharmaceuticals, Istanbul, Tiirkiye) 1-hour after
the administration of absolute EtOH. Following
systemic necropsy, all rats’ stomachs were
removed. An incision along the greater curvature
of the stomach was made, and the gastric contents
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were cleaned with physiological saline. After
photographing the stomachs fixed on a flat surface
with bulk needles, samples were taken for
histopathological ~ examination and  gene
expression analysis. The area of the gastric lesion
(mm?) was calculated by analyzing photographs
with the Image J program (Wayne Rasband
National Institutes of Health, USA).

Histopathological examination

Gastric tissue samples were fixed in 10%
neutral-buffered formalin overnight. After
dehydrating the gastric samples in increasing
concentrations of ethanol, they were equilibrated
in xylene and embedded in paraffin. Then, 4-5-
um-thick serial sections were cut with a
microtome, stained with hematoxylin-eosin, and
examined with a light microscope (BX51,
Olympus) and a digital camera (SC180,
Olympus). Gastric lesions were evaluated using
a modified scoring system recommended by
Magierowska et al. (2018). In terms of severity
and extent, gastric lesions were graded as 0= no
lesion, 1= mild, 2 = moderate, and 3= severe.

Real-time PCR

Quantitative real-time PCR was used to determine
the expression of COX-1, COX-2, iNOS, eNOS,

VetBio, 2023, §(2), 73-83

TNF-a, HSP70, and TFF2 mRNA in the gastric
mucosa. To summarize, total RNA was extracted
using a Riboex GeneAll Biotechnology kit (South
Korea) based on guanidium isothiocyanate /
phenol chloroform method. Spectrophotometry
was used to determine the concentration and purity
of RNA. Then, using a cDNA Synthesis Kit with
RNase Inh (High Capacity) from A.B.T.™
Laboratory Industry (Tirkiye), 2-ug total RNA
was reverse-transcribed into complementary DNA
(cDNA). Table 1 shows the primer sequences used
to amplify the specific mMRNAs. cDNAs were
amplified in the CFX Connect Real-Time PCR
Detection System (Biorad, USA) using the
AB.T.™ 2X gPCR SYBR-Green MasterMix
(with ROX) kit (A.B.T.™ Laboratory Industry,
Tiirkiye) under the following cycling conditions:
95°C hold for 3 min, followed by 40 cycles of
denaturation at 95°C for 10 seconds, annealing at
corresponding temperatures (see Table 1) for 20
seconds, and extension at 60°C for 20 seconds
were performed. Melt curves were used to test the
specificity of amplicons. The mRNA expression of
the genes was normalized against g-actin, and fold
changes were calculated using the AACt method
against the intact gastric mucosa as a reference
(Livak and Schmittgen, 2001).

Table 1. Sequences of primers used to amplify specific mMRNAs by quantitative real-time polymerase chain reaction

Accession number

Target gene

Primer sequences (5°-3”)
F: CTGCTCACAGATGCTGGG

COX-1 R: ATGAGTACTTCTCGGATGAAGGT
COX-2 F: TGTCAAAACCGTGGTGAATG

R: CCGAAGGAAGGGAATGTTGT
eNOS F: AGAACTCTTCACTCTGCCCC

R: GGTCCCTCATGCCAATCTCT
iINOS F: ACCACCCTCCTTGTTCAACT

R: AGCCTCTTGTCTTTGACCCA
TNF-a F: TTCATCCGTTCTCTACCCA

R: TTCAGCGTCTCGTGTGTTTC
TEE2 F: TCTCTTGGTAGTGGTCCTTGTCT

R: CAGGTTGGAAAAGCAGCA
HSP70 F: GACGACGGCATCTTCAAG

R: GTTCTGGCTGATGTCCTTC
B-Actin F: ATGGTGGGTATGGGTCAGAA

R: GGTCATCTTTTCACGGTTGG

Annealing temperature (°C)

60 NM_017043.4
60 NM_017232.3
60 NM_021838.2
58 NM_012611.3
58 NM_012675.3
58 NM_053844.2
60 NM_031971.2
60 NM_031144.3

COX-1: Cyclooxygenase 1; COX-2: Cyclooxygenase 2; eNOS: Endothelial nitric oxide synthase; iNOS: Inducible nitric oxide
synthase; TNF-o: Tumor Necrosis Factor-a; TFF2: Trefoil Factor 2; HSP70: Heat Shock Protein 70.
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Protective effect of L-carnitine against gastric damnage

Statistical analysis

The Statistical Package for the Social Sciences
(SPSS version 22.0; IBM Corp., NY, USA) was
used to apply one-way analysis of variance on the
data. Normality of the data was checked, and non-
normalized traits were normalized using the
logarithmic or square root transformation method.
Based on the homogeneity of variances, Tukey’s,
or Tamhane tests were chosen as post-hoc tests.
Assumptions of 95% probability (P < 0.05) were
made to separate significantly different means.
The results are shown as mean + standard errors.

RESULTS

Macroscopic findings

Figure 1 depicts the macroscopic appearance of
gastric lesions and the mean gastric lesion area

of rats given L-CAR at doses of 50 mg/kg or 100
mg/kg in combination with absolute EtOH,
absolute EtOH, and saline. There were no
macroscopic lesions in the control group.
Absolute EtOH administration was found to
cause linear hemorrhagic lesions in rats’
stomachs. The lesions were more visible in the
gastric folds. Submucosa was quite thickened by
gelatinous edema.

Figure 1 shows that 50 mg/kg L-CAR
administration significantly reduced the gastric
lesion area caused by EtOH administration.
However, it was determined that L-CAR
administration at a dose of 100 mg/kg had no
effect on the gastric lesion size induced by EtOH.

P<0.001

OcoN

HBEOH

SEtOH + LCARS0
WELOH + LCAR100

Mean lesion area (mm?)

20

Figure 1. Gastric lesions in situ (A-D) and mean mucosal lesion area (E) in rats given saline (A), absolute ethanol (B), or
L-CAR at 50 mg/kg (C) or 100 mg/kg (D) in combination with absolute EtOH. a, b, ¢ Bars with different superscripts

differed significantly
Histopathological findings

Figure 2 depicts the histopathological findings
in rats given saline, absolute EtOH, or absolute
EtOH in combination with L-CAR at doses of 50
mg/kg or 100 mg/kg. The control group showed no
signs of pathological changes. Absolute EtOH
administration resulted in wedge-shaped gastric
erosions with multifocal distribution in rat gastric
mucosa, characterized by exfoliation of the

superficial epithelium and necrosis of the glandular
glands. The lesions in the stomach extended deep
into the mucosa. In the lesion areas, there was
extensive hemorrhage with hyalinized vessel
walls. Mild to moderate neutrophil infiltrations
were seen around the vessels at the base of gastric
mucosa. The submucosa was significantly
enlarged with abundant edema accompanied by
neutrophils. As shown in Table 2, gastric mucosal

) 7o -



damage was more superficial in rats given L-CAR
before EtOH, and extent of gastric lesion was
lower compared to rats administered EtOH.
reduced

Furthermore, L-CAR administration

VetBio, 2023, §(2), 73-83

intralesional hemorrhage, submucosal edema, and
neutrophil infiltrations. There was no statistically
significant difference between L-CAR doses in
terms of severity or lesion extent.

Figure 2. Microscopic images of gastric lesions in rats treated with saline (A), absolute ethanol (B) or L-CAR at a dose
of 50 mg/kg (C) or 100 mg/kg (D) in combination with absolute EtOH. Arrows show the areas of gastric mucosal lesions

Table 2. Effects of L-carnitine treatment on gastric mucosal lesions induced by ethanol

Necrosis Hemorrhage Neutrophil infiltration Submucosal edema
CON 0.0 £0.02 0.0 £0.02 0.0 £0.02 0.0 £0.0?
EtOH 2.63+0.18° 2.38+0.18° 1.63+0.18° 3.00 £ 0.0°
EtOH + L-CAR50 1.50+£0.18° 1.25+0.25°¢ 0.75+0.16° 2.25 +£0.25°
EtOH + L-CAR100 1.88 £0.12° 1.75+0.31b¢ 1.25 £ 0.25% 2.75+0.16
P value <0.001 <0.001 <0.001 <0.001

CON: Control; EtOH: Ethanol; L-CAR: L-carnitine. ¢ Means bearing different superscript within the same column differ
significantly

Real-time PCR addition, 50 mg/kg L-CAR treatment significantly
reduced gastric mucosal COX-2 and eNOS mRNA
levels compared to EtOH administration only.
HSP70 mRNA expression in the gastric mucosa
was found to increase even after L-CAR
administration at a dose of 50 mg/kg. L-CAR at 50
mg/kg was found to significantly increase the
expression of gastric mucosal TFF-2 mRNA
compared to EtOH-treated group. Neither EtOH
nor L-CAR had any effect on gastric mucosal

COX-1 expression.

Figure 3 shows that EtOH administration
increased the gastric mucosal COX-2, iNOS,
eNOS, TNF-a, and HSP70 mRNA expression
while decreasing TFF-2 levels in comparison with
control group. The administration of 50 mg/kg or
100 mg/kg of L-CAR with EtOH significantly
reduced gastric mucosal iNOS and TNF-a mRNA
levels compared to EtOH group. There was no
statistically significant difference in iINOS and
TNF-a mRNA levels between L-CAR doses. In
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Figure 3: The effect of 50 mg/kg or 100 mg/kg L-CAR on gastric mucosal COX-1, COX-2, iNOS, eNOS, TNF-a, HSP70,
and TFF2 mRNA expression prior to EtOH administration. The data show fold change compared to control rats. ¢ Bars
with different superscripts differed significantly. COX-1: Cyclooxygenase 1; COX-2: Cyclooxygenase 2; eNOS: Endothelial
nitric oxide synthase; iNOS: Inducible nitric oxide synthase; HSP70: Heat Shock Protein 70; TNF-a: Tumor Necrosis Factor-a;

TFF2: Trefoil Factor 2.

DISCUSSION

Consistent with previous findings (Dokmeci et
al., 2005; Guth et al., 1984; Lacy and Ito, 1982),
we determined that gastric hemorrhagic lesions
formed quickly in rats given absolute EtOH
intragastrically. Microscopic examination of
these lesions revealed shedding of surface
epithelium, necrosis and exfoliation of the
glandular glands, intralesional hemorrhage,
submucosal edema, vascular hyperemia, and
thrombosis. Endothelial damage increased
vascular permeability, and endothelial activation
all play important roles in the pathophysiology
of EtOH-induced gastric lesions. Gastric
mucosal lesions caused by EtOH are most likely
the result of gastric mucosal hypoxia caused by
vascular lesions (Oates and Hakkinen, 1988;
Szabo et al., 1985). Consistent with previous
findings (Arafa and Sayed-Ahmed, 2003;
Dokmeci et al., 2005; Madi and Al-Barr, 2014),
we determined that administering L-CAR prior
to EtOH reduced the severity and extent of
EtOH-induced gastric mucosal lesions. Given
that EtOH-induced gastric mucosal lesions are
caused by microvascular lesions, it is possible
that L-CAR has a gastroprotective effect by
reducing endothelial cell damage.

Prostaglandins  (PG), synthesized from
arachidonic acid by the action of
cyclooxygenases, strengthen the gastric mucosal
barrier and exert a protective effect against acute
gastric mucosal damage (Robert et al., 1979).
Constitutional expression of COX-1 related PG
is associated with gastric physiological
functions. Unlike COX-1, COX-2-mediated PG
induced in response to gastric mucosal damage
protects against luminal irritants by increasing
the regional blood flow, stimulating mucus and
bicarbonate secretion, and by limiting the
inflammatory response (Martin and Wallace,
2006). Our findings showed that EtOH
administration increased COX-2 expression
while having no effect on gastric mucosal COX-
1 expression. Despite the fact that EtOH
administration increases COX-2 expression,
which helps to strengthen the gastric mucosal
barrier, gastric mucosal PGE2 levels have been
reported to decrease, contrary to expectations
(Bakalarz et al., 2021; Magierowska et al., 2015;
Zhao et al., 2009). Although COX-2 expression
is induced, the decrease in gastric mucosal PGE2
level appears contradictory. This was explained
by the fact that EtOH administration reduced
PGE2 synthesis by inhibiting COX-2 enzyme
activity (Zhao et al., 2009). The increase in COX-
2 mMRNA expression after EtOH administration
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is most likely due to decreased PGE-2 synthesis.

Experimental studies have shown that L-CAR
administration protects the gastric mucosa from
damage caused by various irritants (Arafa and
Sayed-Ahmed, 2003; Dokmeci et al., 2005;
Erkin et al., 2006; Izgiit-Uysal et al., 2007; Madi
and Al-Barr, 2014). It has been established that
intragastric L-CAR administration reduces
EtOH-induced gastric mucosal damage and has
a gastroprotective effect by reducing gastric lipid
peroxidation with its antioxidant properties
(Arafa and Sayed-Ahmed, 2003; Dokmeci et al.,
2005). Madi and Al-Barr (2014) determined that
administering 50 mg/kg of L-CAR for 7 days
reduced EtOH-induced gastric mucosal damage
by increasing gastric mucosal PGE2 expression.
In our study, L-CAR treatment had no effect on
gastric mucosal COX-1 expression while
decreasing COX-2 expression. Concurrently, L-
CAR administration reduced the severity of
EtOH-induced gastric mucosal damage. These
findings suggest that L-CAR downregulated
COX-2 expression by reducing EtOH-induced
gastric mucosal damage with its protective
effects.

Endothelium-derived relaxing (NO and
prostacyclin) and vasoconstrictive (endothelin-
1) factors regulate gastric microcirculation,
which is directly related to gastric mucosal
integrity (MacNaughton et al., 1989a). Vascular
lesions have been shown in studies to play an
important role in the pathogenesis of EtOH-
induced gastric mucosal lesions (Oates and
Hakkinen, 1988; Szabo et al., 1985). According
to reports, these lesions form as a result of an
imbalance between endothelium-derived factors
(MacNaughton et al., 1989b). In response to
EtOH-induced gastric mucosal damage, NO
synthesized from L-arginine via a reaction
catalyzed by the nitric oxide synthase enzyme
(NOS) reduces the gastric lesions by increasing
regional blood flow, decreasing leukocyte
infiltration, and  decreasing mast cell
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degranulation. NOS is divided into three
isoforms: nNOS, eNOS, and iNOS. nNOS and
eNOS are constitutionally expressed proteins
found in enteric neurons and endothelium of the
stomach, respectively. iNOS is a protein that is
activated in the endothelium, epithelial cells, and
immunocytes in response to gastric mucosal
damage (Kubes and Wallace, 1995). We
determined that EtOH administration increases
the gastric mucosal eNOS and iNOS expression.
Given its role in regulating gastric
microcirculation, it was thought that the
increased eNOS expression in response to EtOH
administration occurred in order to regulate the
impaired microcirculation. NO produced by
INOS is thought to have gastroprotective
properties by reducing gastric leukocyte
infiltration and  preventing mast  cell
degranulation (Kubes and Wallace, 1995).
Tepperman and Soper (1994) determined
increased iINOS activity in the stomachs of rats
given endotoxin and demonstrated that these rats
were more resistant to EtOH-induced gastric
mucosal damage. These findings confirms that
INOS expression is increased to protect the
gastric mucosa. In our study, we discovered that
EtOH administration increased gastric mucosal
INOS expression. Increased iNOS expression in
rats exposed to EtOH suggested that this was a
developing compensatory mechanism to reduce
gastric mucosal damage. L-CAR treatment
significantly reduced eNOS and iNOS levels in
the gastric mucosa. Concurrently, it was
determined that L-CAR administration reduced
the severity of EtOH-induced gastric mucosal
damage. The lower eNOS and iNOS expression
in rats given L-CAR compared to those given
EtOH suggest that rats given L-CAR had less
gastric mucosal damage.

HSP family proteins are essential for normal
cell growth and cell integrity during pathological
conditions (Rokutan, 2000; Tsukimi and Okabe,
2001). In unstressed gastric epithelial cells,
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HSP70 expression is either too low or
undetectable. Experimental studies have shown
that HSP70 expression is induced in the gastric
epithelium in response to EtOH-induced gastric
mucosal damage (Saika et al., 2000; Sun et al.
2022). It has been proposed that the HSP
response is activated after EtOH administration
to reduce the amount of unfolded and misfolded
protein accumulated within the cell (Rokutan,
2000). In this study, we determined that EtOH
administration significantly increased the gastric
mucosal HSP70 expression compared to the
control group. Gastric mucosal HSP70 level was
analyzed to determine whether the expression of
HSP70 induced by EtOH administration was
affected by L-CAR administration. In our study,
L-CAR administration enhanced the HSP70
expression in rats exposed to EtOH. In vitro
studies have shown that HSP70 overexpression
induced by high temperature protects
monolayers of guinea pig gastric mucous cells
against EtOH-induced damage (Nakamura et al.,
1991). Higher HSP70 expression in rats treated
with L-CAR in combination with EtOH
compared to EtOH alone in this study suggests
that L-CAR application made gastric mucosal
cells more resistant to EtOH-induced damage by
upregulating the HSP70 expression.

An acute inflammatory response
characterized by increased blood flow, plasma
fluid exudation, and leukocyte infiltration is
stimulated in response to gastric mucosal
damage caused by exogenous and endogenous
irritants to reduce tissue damage and facilitate
regeneration of damaged tissue (Wallace, 2008).
A number of mediators work together to
coordinate  the  inflammatory  process.
Experiments have shown that the nuclear factor
kappa-light-chain-enhancer of activated B cells
(NF-kP) signal is important in initiating the
inflammatory response associated with EtOH
(Yu et al., 2020). Damage-associated molecular
patterns released from damaged or dying cells in
response to EtOH administration stimulate the
degradation of inhibitor subunit of NF-kf that

traps NF-kP in the cytosol, resulting in the
translocation of NF-kp to the nucleus. TNF-a
MRNA expression is then induced by NF-kp,
which is one of the primarily mediators of the
inflammatory process triggered by EtOH (Kim et
al., 2020). In this study, EtOH administration
was found to increase gastric mucosal TNF-a
MRNA expression when compared to control
rats. L-CAR treatment significantly reduced the
expression of TNF-a mRNA in the gastric
mucosa, which was elevated by EtOH
administration. Based on these findings, it is
possible to argue that L-CAR treatment protects
against EtOH-induced gastric mucosal damage
by regulating the inflammatory response.

TFFs are a type of peptide with a low
molecular weight that is found primarily in the
gastrointestinal tract. TFF2 released from
mucous neck cells in the gastric corpus and
antrum has been shown to play an important role
in maintaining the gastric mucosal integrity
(Hanby et al. 1993). TFF2, secreted by epithelial
cells in response to acute gastric damage caused
by a variety of irritants, promotes the epithelial
restitution by stimulating the migration of
healthy cells near the denuded area and
inhibiting the apoptosis of migrating cells (Xue
et al., 2011). In addition to these effects, TFF2
also increases the viscosity of gastric mucin and
stabilizes the mucus gel network (Thim et al.,
2002). Oral administration of recombinant TFFs
has been shown in rodent studies to protect
against gastric mucosal damage caused by
various irritants (McKenzie et al., 2000; Poulsen
et al., 1999). As previously reported (Aziz et al.,
2019), the gastric mucosal TFF2 expression
decreased with EtOH administration in this
study. This is the first study showing the role of
TFF2 in gastroprotective effect of L-CAR
against EtOH-induced gastric mucosal damage.
L-CAR treatment increased the gastric mucosal
TFF2 levels, which decreased when EtOH was
administered, by upregulating the TFF2
expression. Given the effects of TFF2 on the
gastric mucosal defense system, it can be opined
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that L-CAR administration prior to EtOH
reduces the EtOH-induced gastric mucosal
damage by inducing re-epithelialization and
stabilizing the mucous barrier.

CONCLUSION

It was established that L-CAR treatment has a
significant protective effect against EtOH-
induced gastric mucosal damage. L-CAR
treatment was regulated the expression of gastric
mucosal cyclooxygenase and nitric oxide
synthase systems, reduced the expression of
inflammatory cytokines, activated the cellular
stress response, and stimulated the expression of
mucus secretion and gastric epithelium restitution
factors. Therefore, it can be summarized that L-
CAR treatment protects against EtOH-induced
gastric mucosal damage by regulating the
expression of factors important in maintaining the
gastric mucosal integrity in addition to its
previously suggested antioxidative effect.
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Relationship between electrical conductivity and
colostrum quality in farm level

ABSTRACT

Good quality colostrum intake is essential component in calf health programs. There
are different methods to determine the quality of colostrum. The aim of the present study
is to investigate the relationship between Immunoglobulin G (IgG), which is used to
determine colostrum quality, and electrical conductivity in farm level. Two groups were
performed according to results of IgG analyses. Samples which had <50 mg/mL 1gG
concentration were assigned into group 1 (G1, n=27) and accepted as insufficient
quality colostrum. Samples that had >50 mg/mL IgG concentration were accepted as
good quality colostrum and assigned into group 2 (G2, n=68). IgG concentrations were
measured by ELISA, then the electrical resistance (ER) and conductivity (EC) measured
by Draminski Mastitis Detector (MDQ4, MDQ). MDQ and ER results were statistically
higher in G2, and EC results were statistically higher in G1, but difference was not
statistically significant (P>0.05) in G1, there was moderate positive correlation between
IgG and ER, EC and MDQ (P<0.01). Presented study revealed strong correlation
between EC and IgG concentration in low-quality colostrum. There are lots of variables
that effect conductivity and resistance of colostrum, so to eliminate uncertainties of use
of MDQ further research must be done. Moreover, MDQ readings show considerable
potential for being useful tools in colostrum management systems to improve calf health
in dairy farms.

Keywords: Colostrum, dairy cow, electrical conductivity, electrical resistance, 1gG

NTRODUCTION

During the last weeks of pregnancy and first days of post-partum

period colostrum is the first secretion of mammary gland that is

composed of different components including immunoglobulins
(Baumrucker et al., 2022; Buczinski and Vandeweerd, 2016). Cows have
an epitheliochorial placenta (Kara and Ceylan, 2021; Turini et al., 2020).
Due to this placenta type, calves are born hypogammaglobulinemic (Kara
and Ceylan, 2021). In bovine species, because of being born
aggloblunemic, colostrum is crucial and critical. Though white blood
cells and cytokines are important for calf immunity, 1gG has critical role
(Stelwagen et al., 2009). Sufficient and punctual supply of colostrum is
vital for newborn calves (Immer et al., 2022). The transfer of
immunoglobulins (Ig) from cow to fetus is prevented because placenta
membranes have sparse permeability. Calves are born with low level of
antibody on account of Ig cannot pass through placenta membranes
(Ahmann et al., 2021). Intestinal permeability to 1gG absorption rapidly
decreases after birth (Hare et al., 2020) which makes delivering good
quality colostrum as soon as possible after birth crucial. Therefore, good
quality colostrum intake is essential component in calf health programs
(Godden et al., 2019).
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Intestinal permeability to 1gG absorption
rapidly decreases after birth (Hare et al., 2020)
which makes delivering good quality colostrum
as soon as possible after birth crucial. Therefore,
good quality colostrum intake is essential
component in calf health programs (Godden et
al., 2019). To prevent infectious diseases, getting
colostrum right after birth with high
immunoglobulin concentration is indispensable.
If calves do not drink enough high-quality
colostrum or quality of colostrum is not enough,
failure of passive transfer (FPT) develops (Topal
et al., 2018; Turini et al., 2020). So, to achieve
good passive transfer, colostral 1gG content is
very important (Gelsinger et al., 2015).

Management of good colostrum leads to
decrease in morbidity and mortality in the first
days of life (Ahmann et al., 2021). Also, it effects
further rearing, first calving age, further body
weight and milk yield (Furman-Fratczak et al.,
2011; Kessler et al., 2020). To complete
successful passive transfer, colostrum should be
given as soon as possible, in sufficient quantity
and quality (Jaster, 2005). In cow colostrum,
most important Igs are 1gG, IgA and IgM. Main
component of cattle colostrum is IgG which is up
to 95% of total g concentration (Godden et al.,
2008; Martin et al., 2021). The quality of
colostrum could be measured by concentration
of IgG (Crouch et al., 2000; Godden et al., 2019).
Direct methods such as RID and ELISA
represent gold standard for estimating the 1gG
concentration of colostrum (Ahmann et al.,
2021). Generally, 1gG concentration of
colostrum is wanted to be higher than 50mg/mL
(McGuirk and Collins, 2004). Calves need to
receive 100-200 g 1gG to have successful passive
transfer immunity. Considering a newborn calf
drink 3-4 liters colostrum withing first 6 hours to
achieve success and based on these facts 50 g/L
IgG concentration becomes arbitrary cut-point to
define colostrum quality (Buczinski and
Vandeweerd, 2016; McGuirk and Collins, 2004;
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Morrill et al., 2012). This threshold has been
widely used to define the quality of colostrum by
different researchers (Chigerwe and Hagey,
2014; Godden et al., 2019; Immer et al., 2022).

There are different methods to determine the
quality of colostrum. Some methods measure Ig
concentration which are accepted as direct
methods. On the other hand there also indirect
methods, whereas these methods give summary
about the Ig concentration based on change in the
physical and chemical properties of colostrum
(Ahmann and et al.,, 2021). On farm level,
measurement of colostrum quality should be
easy to use, accurate and effective. Moreover,
the costs should be kept minimal for feasible
dairy cow industry (Bartens et al., 2016; Bielman
et al., 2010). The aim of the present study is to
investigate the relationship between IgG, which
is used to determine colostrum quality, and
electrical conductivity in farm level.

MATERIALS AND METHODS
Animals and sampling

The study was conducted in dairy farm of
Holstein-Friesian breed. General condition and
udder health of animals were evaluated by clinical
examination. Udders of the cows were examined
visually and by palpation for general mastitis
changes (redness, pain, swelling, heat). Cows
who had general signs of diseases (fever, loss of
appetite, weight loss, lethargy) were not included
in the study. The material of the study consisted
of colostrum of 96 Holstein-Friesian cattle.

Groups

Two groups were performed according to results
of 1gG analyses. Samples which had <50 mg/mL
IgG concentration were assigned into group 1
(n=27) and accepted as insufficient quality
colostrum. Samples that had >50 mg/mL I1gG
concentration were accepted as good quality
colostrum and assigned into group 2 (n=68).
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Samples

Colostrum was taken from the cows by using
single milking machines within the first hour
after birth. All colostrum samples were labeled
and stored in freezers at -20°C until analyses
were done.

Laboratory analysis

IgG analyzes and electrical conductivity of
samples were performed at same day. All frozen
samples were thawed at room temperature and
IgG concentrations were measured by ELISA
kits (Biox, Belgium) then the electrical
resistance was measured 4 times repeatedly
using the Draminski mastitis detector (MD4Q-
4896, Olsztyn, Poland). The MD4Q measures
electrical resistance in the range of 10-1000 Q.
The electrical resistance (ER) value measured by
MDQ was converted into electrical conductivity
(EC) as stated before (Khatun et al., 2019).

ER (Q) = unit read in MDQ / 1.944
EC (1000 mS) = EC (1 S) = 1 reciprocal ohm (1/Q)
Statistical analyses

Statistical analyses were performed using IBM
SPSS Statistics software Version 23.0 and
MedCalc 16 statistical software. Before
performing the statistical analysis, data were
examined for parametric test assumptions.

Table 1. Results of 1gG, ER, EC and MDQ analyses

Descriptive statistics for each variable were
calculated and presented as “Mean + Standard
Error of Mean (SEM)”. To test the differences in
IgG, ER, EC and MDQ parameters between
groups (Low-High IgG), student t test was used.
Pearson correlation coefficient was performed to
assess the correlation between IgG, ER, EC and
MDQ. In addition, Pearson correlation coefficient
was used to evaluate the correlation between IgG,
ER, EC and MDQ for each group (low IgG and
high 1gG) separately. A receiver operating
characteristics (ROC) analysis was performed to
calculate the electrical conductivity diagnostic
test characteristics (sensitivity, specificity,
positive likelihood ratio and negative likelihood
ratio) for evaluating low-high 1gG. Areas under
the ROC curves (AUC) were assessed to
determine the discrimination ability of the IgG
level. The statistical significance level was set at
P<0.05.

RESULTS

Immunoglobulin G levels were statistically
higher in group 2 (G2) than group 1 (G1) and
difference  was  statistically  significant
(P<0.001). MDQ and ER results were
statistically higher in G2, and EC results were
higher in G1, but difference was not statistically
significant (P>0.05). Results of 19G, MDQ, ER
and EC are presented in Table 1.

Groups (Mean + SEM)
Parameters P value
G1 (n=27) G2 (n=68)
19G (mg/mL) 28.97+2.60 109.70+5.67 <0.001
ER (ohm) 299.2149.44 313.17+6.29 0.234
EC (S) 3.43+0.11 3.28+0.06 0.233
MDQ (Units) 581.67+18.35 608.80+£12.23 0.234

IgG: Immunoglobulin G; ER: Electrical Resistance; EC: Electrical Conductivity; MDQ: Results of Draminski MD4Q

In G1, G2 and without groups, high positive
correlation between ER, EC and MDQ were
found (P<0.001). In addition, in G1, there was
moderate positive correlation between 1gG and

ER, EC and MDQ (P<0.01). The cross
correlations of IgG, ER, EC, and MDQ results
within groups and without grouping are shown in
Table 2, 3 and 4.




Table 2. Correlations between 1gG, ER, EC and MDQ
without groups (n=95)

Parameters 1gG ER  EC MDQ
g6 1 0180 -0.186  0.180
ER 1 -0981™ 0994
EC 1 0981
MDQ 1

***Correlation is significant at the 0.001 level (2-tailed). 1gG:
Immunoglobulin G; ER: Electrical Resistance; EC: Electrical
Conductivity; MDQ: Results of Draminski MD4Q

Table 3. Correlations of 19G, ER, EC and MDQ in G1 (n=27)

Parameters 1gG ER EC MDQ
IgG 1  -0514" 05007 -0.514"
ER 1 -0.982™  0.995™
EC 1 -0.982™"
MDQ 1

**: Correlation is significant at the 0.01 level (2-tailed). ***:
Correlation is significant at the 0.001 level (2-tailed). IgG:
Immunoglobulin G; ER: Electrical Resistance; EC: Electrical
Conductivity; MDQ: Results of Draminski MD4Q

Table 5. ROC curve analysis for cut-off and threshold values
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Table 4. Correlations of IgG ER EC and MDQ in G2 (n=68)

Parameters 1gG ER  EC  MDQ
g6 1 0208 -0223  0.208
ER 1 -0981™ 0.992™
EC 1 0981
MDQ 1

***: Correlation is significant at the 0.001 level (2-tailed).
IgG: Immunoglobulin G; ER: Electrical Resistance; EC:
Electrical Conductivity; MDQ: Results of Draminski
MD4Q

Three different ROC analysis were performed
to determine thresholds for ER, EC and MDQ
values to predict 1gG values. The results of ROC
curves analysis are presented in Table 5.

The ROC curves for thresholds between ER,
EC, MDQ and IgG were shown in Figure 1.

Variables  Threshold %95 Cl forSe  Sp %95 Cl for Sp
ER > 253.34 92.75 83.9-97.6 25.93 11.2-46.3 0.574 125 0.28 0.242
EC <3.89 92.75 83.9-97.6 25.93 11.2-46.3 0574 125 0.28 0.264
MDQ > 4925 92.75 83.9-97.6 25.93 11.2-46.3 0.574 125 0.28 0.424

IgG: Immunoglobulin G; ER: Electrical Resistance; EC: Electrical Conductivity; MDQ: Results of Draminski MD4Q

DISCUSSION

The objective of the presented study was the
evaluation of electrical conductivity and
resistance compared with ELISA assessment of
IgG concentrations in frozen thawed colostrum.
The hypothesis of the study assumed that there
was a connection between amount of 1gG which
is determines the quality of bovine colostrum and
electrical conductivity. The present study show
that electrical conductivity and resistance might
be useful indicators for determination of
colostrum quality. The difference of 1gG results
between groups were statistically significant.
The difference in 1gG concentrations may have
been due to calving season, nutrition,

environment, parity, and timing of colostrum
collection (Conneely et al., 2013; Gulliksen et
al., 2008; Moore et al., 2005). Samples were
collected in random order and sampling took
place during whole year, so IgG concentrations
may be affected from both season and nutrition.
In this manner, composition of the herd could not
be represented by the samples. All colostrum
samples were analyzed frozen and thawed.
Though one freeze thaw cycle had little or no
effect on some farm-level devices such as
hydrometer and refractometer (Morrill et al.,
2015), so it can be concluded that results and
correlations of the study were not affected by
freeze thaw cycles.




Electrical conductivity and colostrum quality

Sensitivity

&t L L L L
0 20 40 60 80 100
100-Specificity

Sensitivity

100-Specificity

EC

100
sol

601

Sensitivity

4wl 7/

20|

L 1 L
40 60 80 100
100-Specificity

Figure 1. ROC curve graphs of ER, MDQ and EC. ER: Electrical Resistance; EC: Electrical Conductivity; MDQ: Results

of Draminski MD4Q

Readings of MDQ between groups were not
statistically significant. Since ER and EC are
conversions of MDQ, difference of ER and EC
between groups were not statistically significant
as well. Average readings of MDQ for G1 and
G2 were 581.67£18.35 and 608.80+£12.23
respectively. Galfi et al. (2015) reported that at
peak lactation (days 0-50), MDQ readings were
between 260 and 700 (403+80.14). Our results
were within their range but, higher than their
average. MDQ readings are based on electrical
conductivity. It was reported that healthy cow’s
milk conductivity is from 4.0 to 5.5 mS at 20°C
(Walstra, 1999). In addition, Kozheshkurt et al.
(2021) indicated that electrical conductivity of
whole colostrum was measured within the range
0f 0.37 and 0.43 S at 18+1°C. Our results are not
consistent with the previous studies. It was
thought that there might be few reasons that
conductivity of colostrum in both groups were
lower than aforementioned studies. It is known
that electrical conductivity is affected by
temperature (Kozheshkurt et al., 2021). In the

presented study, frozen colostrum samples were
thawed at room temperature. Since average
freezing point of cow milk is reported as -0.5°C
(Fox et al, 1998; Kuczaj et al., 2001,
Navratilova et al., 2006), it shouldn’t be assumed
that after thawing process, temperature of
samples was at room temperature. However, in
the presented study temperature of samples were
not analyzed, so it is not possible to determine
exactly the effect of colostrum temperature on
electrical conductivity. This is the most likely
reason of the inconsistency with the reported
studies and our results. Moreover, since
electrical resistance is measured by formula from
conductivity, it would be logically to expect
similar results for ER.

Results of the study suggest that there is no
relationship between EC, ER and 1gG content of
colostrum, but in low quality colostrum there
were significant correlations between ER and
IgG content. There were strong correlations
between MDQ, ER and EC within groups and
within all samples. Reason for those correlations
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was ER and EC are calculated from MDQ
readings. There was not statistically significant
correlation between 1gG and EC in all samples,
but correlation between IgG and electrical
resistance was found in group 1. Also, EC levels
were found higher and ER levels were lower in
G1 than G2. Reason of that difference might be
because of IgG and protein levels of groups.
Colostrum has elevated level of
immunoglobulins (Smolenski et al., 2007) and
total protein of colostrum is made up almost 80%
by immunoglobulins (McGrath et al., 2016). It is
reported that protein level of colostrum effects
electrical conductivity. Removal of protein
fractions from colostrum resulted in significant
increase in electrical conductivity (Kozheshkurt
et al., 2021).

Electrical resistance and conductivity are
simple measurements of milk and widely used in
detection of subclinical mastitis in dairy cows as
marker (Fernando et al., 1982; Galfi et al., 2015;
Norberg et al., 2004) and has not been evaluated
in determination of colostrum quality. ER and
EC could be indicators of low-quality colostrum
in farm level. However, present study showed
that ER, EC and MDQ had high Se (92.75) but
low Sp (25.93) for IgG content of colostrum.

CONCLUSION

In conclusion, Draminski Mastitis Detector tool
have high sensitivity, but low specificity
compared to one of the gold standard ELISA lab
tests. However, present study revealed strong
correlation between EC and IgG concentration in
low-quality colostrum. There are lots of
variables that effect conductivity and resistance
of colostrum, so to eliminate uncertainties of use
of MDQ further research must be done.
Moreover, MDQ readings show considerable
potential for being useful tools in colostrum
management systems to improve calf health in
dairy farms.
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Koyunlarda sarkoptik uyuzun sagaltiminda bitkisel

kombinasyonlarin kisa siireli degerlendirilmesi: 4 vakadan
olusan bir seri

Short-term evaluation of herbal combination for the treatment
of sarcoptic mange in sheep: A series of 4 cases

OZET

Koyunlarda sarkoptik uyuz klinik olarak belirtileri siddetli seyreden bulasici bir deri
enfestasyonudur. Bu olgu sunumunun amaci sarkoptik uyuz tanisi konulan koyunlarda
verilen nutrisyonel sagaltimm klinik etkinliginin goézlemlenmesidir. Bu amacla
arastirmaya klinik bulgular gosteren ve deri kazintilarinda dogal Sarcoptes spp. uyuzu
ile enfekte oldugu belirlenen 4 adet disi koyun dahil edilmistir. Sarkoptik uyuzlu her
koyuna Curcuma longa (Turmeric, Zerdegal) ve Silybum marianum (Milk Thistle,
Deve Dikeni) ekstrakti sagaltim prosediirii 0. ve 5. giinlerde 2 kez uygulanarak klinik
indeks ve diski skorlamasi belirlendi. Arastirmamizda bitkisel iiriinlerden hazirlanan
formiilasyonlarin 0. ve 5. glin uygulamalarmdan sonra klinik skorun kisa siire
igerisinde hizla geriledigi gozlemlendi. Sonug¢ olarak bitkisel kombinasyonun
sagaltimda yardimci olabilecegi ancak daha fazla sayida calismaya ihtiyag oldugu
diistintildii.

Anahtar Kelimeler: Dogal bilesenler, fitoterapi, uyuz, zerdegal

ABSTRACT

Sarcoptic mange in sheep, is a highly contagious skin infestation with severe clinical
symptoms. The aim of this study was to examine the clinical efficacy of nutritional
therapy in sheep diagnosed with sarcoptic mange. For this purpose, four female sheep
exhibiting clinical signs and confirmed to be infected with natural Sarcoptes spp. mite
in skin scrapings were included in the study. The herbal extracts of Curcuma longa
(Turmeric) and Silybum marianum (Milk Thistle) were administered twice on days 0
and 5 of the treatment procedure to each sheep with sarcoptic mange. Clinical index
and fecal scoring were used to evaluate the treatment. In our study, it was observed that
the clinical score rapidly decreased shortly after the application of formulations
prepared from herbal products on days 0 and 5. In conclusion, herbal combined
products can be safely used in the treatment of sarcoptic mange in sheep.

Keywords: Natural compound, phytotherapy, scabies, turmeric
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IRIS
Sarkoptik uyuz, epidermise
yerleserek aktif olarak stratum
corncum'a niifuz eden ve
astigmat  bir akar olan
Sarcoptes scabiei'nin
(Sarcoptiformes, Sarcoptinae) neden oldugu
oldukca bulasict bir deri hastaligidir (Arlian
ve Morgan, 2017).

Sarkoptik uyuz diinya ¢apinda 150'den fazla
konakg¢1  tiirtinii  etkilemekte ve  farkh
konak¢ilar  arasinda  bulas  ozelligiyle
epidemiyolojik  plastisite  gdstermektedir
(Moroni vd., 2022). Enfekte hayvanlardaki
semptomlar  siddetine  gore  degiskenlik
gostermekle birlikte kagintili papiiller, eritem,
kepeklenme, kabuklanma ve alopesi ile
karakterizedir; kronik formlar hiperkeratoz
ve/veya eksilidatif kabuk olusumu ile ortaya
¢ikmaktadir (Cardells vd., 2021; Rahman vd.,
2010).

S. scabiei enfeksiyonunun insan sagliginin
yani sira hayvancilik tizerindeki agir etkisi
biiyiik 6lgiide goriilmektedir. Nitekim enfekte
koyunlardaki verim kaybi, asir1 yem tiiketimi,
O0lim ve genclerdeki biiylime geriligi
hastaligin bilinen zararlarindandir. Amerika
Birlesik Devletleri’nde Sarcoptoidea nedenli
kayiplarin her yil takriben 3 milyar dolari
buldugu bildirilmektedir (Larsen ve Storin,
1980; Tishenkova, 2005).

Organofosfatlar, makrosiklik laktonlar,
formamidinler, piretroidler ve izoksazolinler
gibi kimyasal akarisit ilaclar, farkli hayvan
tirleri i¢in sarkoptik uyuz tedavisinde
veteriner kullanimi i¢in ruhsatlandirilmigtir
(Bernigaud vd., 2019). Bununla birlikte, bu
ilaclarin  ¢iftlik hayvanlarinda yogun bir
sekilde kullanilmasi, et ve diger hayvansal
triinlerde kalintilarin ~ varligt  ve ayrica
cevresel kontaminasyon tehdidini
olusturabilmektedir.

Insanlarda bu enfeksiyonlarin tedavisi
yakin  zamanda  gbézden  gecirilmistir
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(Bernigaud vd., 2019; Shiven ve Kapoor,
2020). Permethrin, in vitro akar direnci
bildirilmesine ragmen, en uygun topikal ilag
olarak kabul edilmektedir (Walton vd., 2000).
Oral formiilasyondaki ivermektin etkilidir,
ancak gebelik sirasinda ve viicut agirhigr 15
kg'dan az olan hastalarda Onerilmemektedir
(Paasch vd., 2000). Ayrica, ivermektine karsi
diren¢ gozlenmistir (Chandler ve Fuller,
2019; Mounsey vd., 2008). Diger taraftan
ifade edilen ajanlarin etken yumurtalari
tizerinde etkileri olmadig1 i¢in tekrarlayan
uygulama gerektirmektedirler (Bernigaud vd.,
2019).

Bu nedenlerle, halk hekimliginde yaygin
olarak kullanilan sifali bitkiler hem insanlarda
hem de hayvanlarda bu rahatsizliklarin
tedavisinde giderek daha fazla arastirilmakta
ve  degerlendirilmektedir.  Aslinda  bu
bilesikler, c¢evre iizerinde diisiik bir etkiye
sahip olan yesil {riinler olarak kabul
edilmektedir (Benelli vd., 2016; Pavela vd.,
2018). Nitekim enfekte insanlarda bazi
bitkisel miistahzarlarin ¢ay agaci yagi, Lippia
yagl, neem Yyagl ve Ozleri, karanfil yagi,
zerdegal, kafur yagr vb. kullanimina
deginilmektedir (Gopinath vd., 2018).

Bu calisma ile sarkoptik uyuz tanisi
konulan  koyunlarda verilen nutrisyonel
sagaltimin klinik etkinliginin gdzlemlenmesi
amagclanmustr.

OLGU SERISI

Calismamiz ¢ogu gecim kaynagimnin tarim ve
hayvancilik ile siirdiiriildigi ve aile tipi
isletmelerin yer aldig1 Isikli Mahallesi, Efeler
Aydin'daki  bir aile  tipi  isletmede
gerceklestirildi. Isikli Mahallesi yazlar1 sicak
ve kurak, kislar1 ise 1lik ve yagishh olan
Akdeniz iklimi hava kosullarinda yillik
otalama 17-18°C sicaklik ve yaklagik %70
nem oraninda sahip olup etkenin konakg1
disinda  yasamasinda  g¢evresel  sartlari
saglamaktadir.  Calismamizda yer alan
koyunlar, yar1 kapali sundurma agilda
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Sarkoptik uyuzun bitkisel tedavisi

yetistirilmekte olup, arpa, siit yemi ve bugday
otu ile beslenmekteydiler. Isletmenin oniinde
yer alan arazide meraya (denetimsiz)
cikmakta olduklar1 saptandi.

Tan ve takip

Hastaligin tanis1 klinik bulgularin yani sira
hayvanlardan elde edilen deri kazintilarinda
etken varligi ile konuldu. Alinan ornekler
fakiiltemiz laboratuvarina getirilerek
mikroskobik  incelemeleri  yapildi. S

N W
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Sekil 1. Klinik belirtiler 1. koyun, 0. giine ait goriintiiler

Bitki ekstraktinin hazirlanmasi

Sagaltim amaciyla hazirlanan karigim i¢in 100
mg Curcuma longa (Turmeric, Zerdecal)
Ekstrakti, 100 mg Silybum marianum (Milk
Thistle, Deve Dikeni) Ekstraktt ve 20 mg
Beta-glukan kullanildi. Ekstrakt 20 ml
izotonik saline solusyonu ile diliie edildi. Her
uygulama da bitkisel karisim taze olarak
hazirland1 ve uygulandi.

Calisma prosediirii

Calismamiz  koyun isletmesinde belirtilen
hava sartlarinin bulundugu sezonda (Subat-
Mart) gergeklestirildi. Sarcoptes spp. ile

scabiei’nin ortalama 0,3 mm boyutluy,
kahverengi-seffaf renkli, yuvarlak viicut
sekline sahip olmasiyla 6n bolgesinde keskin
ceneleri, ¢engel seklinde pencelerin varligi ile
arka c¢ift bacaklarindan daha kisa 6n bacaklara
sahip morfolojisiyle belirlendi (Sekil 1). Deri
kazintilarinin  toplanmast 0. gin ve 5.
giinlerde 2 kez gerceklestirildi. Calisma
sonrast  10. giinde koyunlarda klinik
iyilesmenin takibi yapildh.

enfeste 4 adet koyuna 0. giin ve 5. giinlerde
ayni prosediir ile sagaltim uygulamalari
yapildi. Ik olarak sirayla her koyunun
lezyonlu bolgelerinden derin deri kazintisi
hafif kan goriilene kadar alinarak mikroskobik
inceleme yapilmak iizere lama aktarildi ve
kazint1 bolgesi batikon ile temizlendi.
Devaminda lezyonlu bolgeler izotonik su ile
islatildi ve {lizerine asetat bant yapistirildi
Kisa siire sonra bant ¢ikarildi ve siiriintli
mikroskobik analizi yapilmasi amaciyla lama
aktarildi. Uygulamanin akabinde lezyonlarin
en ¢ogunluklu oldugu bas bolgesine dnceden
hazirlanan bitkisel igerikli karigim topikal
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olarak uygulandi. Bas bolgesine yiiksek
miktarda  uygulanan  karigimim,  masaj
yapilarak deriye olabildigince niifuz etmesi
saglandi. Bunu takiben, koyunlarin diski
skorlamas1 yapildi ve 20 ml bitkisel karigim,
sonda yardimiyla rektal yolla uygulandi. Tiim
uygulamalar tamamlandiktan sonra 500 mg
Echinacea purpurea (L.) Moench ekstrakti ve
135 mg Pelargonium reniforme (Pelargonium
sidoides) ekstrakti igerigi oral yolla verildi.

VetBio, 2023, 8(2), 92-100

Hayvanlarin ~ goriintiilleri  ve  yapilan

uygulamalar kayit altina alindu.

Her prosediir gilinlinde her koyun igin
goriilen S. scabiei uyuz akarlarinin sayisi,
Klinik ve lezyon skorlama indeksi (Fthenakis
vd., 2001; Rodriguez-Cadenas vd., 2010)
Tablo 1’e gore belirlendi. Tablo 2’de de
sagaltim Oncesi ve sonrast klinik indeks ve
disk1 skorlamasi belirtildi.

Tablo 1. Koyunlarda deri lezyonlar i¢in klinik indeks skorlarinin tanimi (Fthenakis vd., 2001; Rodriguez-Cadenas vd.,

2010°den uyarlanmistir)

0 Lezyon yok Lezyon yok

1 < %10 lezyon Burun iizerinde lokalize hafif deri hasari ve fokal lezyonlar

2 9610-25 lezyon Kulaklarda ve yiiziin ¢esitli bolgelerinde lezyonlar ve belirgin deri
hasar fakat kagmt1 yok

3 %25-50 lezyon Yuzde.orta siddetli lezyonlar ile kagint1 ve bazi sekonder bakteriyel
enfeksiyon
Yiiz ve kulaklarda siddetli kontamine lezyonlar ve generalize kasimnti ile

9%50-
: el [Ez birlikte viicudun diger bolgelerinde lezyonlar bulunan
5 > % 75 lezyon Kronik siddetli generalize lezyonlar

Tablo 2. Koyunlardaki klinik indeks ve digki skorlart

Olgu1 4 3 1 2
Olgu 2 3 2 1 2
Olgu 3 2 1 2 2
Olgu 4 3 2 1 1

Klinik indeks skoru Tablo 1’e gére verilmistir. Diski skoru: 1 = Yumusak; 2 = Normal

OLGU-1

Birinci olgumuz 3 yash, disi, Sakiz ki bir
koyun olup olgunun Sarcoptes spp. ile enfekte
oldugu yukaridaki prosediirde tiim olgularda
ortak  sekilde  belirlendi.  Olgumuzun
lezyonlar1 siddetli olup bas bolgesinde
(periokuler, burun, kulak, agiz cevresi)
eritem, alopesi, beyazimsi/kahverengi
kabuklanma, ekskoriasyon, c¢atlama, siddetli
kasintt  mevcuttu (Sekil 1). Yukarida
belirlenen  tim  uygulama  prosediirii
uygulandiktan sonra 5. giin klinik indeks

skorunda degigsme olmadi ve eritem bulgusu
haricinde diger bulgular1 gozlemlendi. Diski
skorlamasinda 0. giin yumusak diskidan 5.
giin normal digkiya doniistiigii gozlemlendi.
10. giinde olgu 1 sahibi tarafindan satildigi
i¢in klinik gozlem yapilamadi.

OLGU-2

Ikinci olgumuz 3,5 yash, disi, Sakiz ki1 bir
koyun olup olgunun Sarcoptes spp. ile enfekte
oldugu yukaridaki prosediirde tiim olgularda
ortak  sekilde  belirlendi.  Olgumuzun
lezyonlar1 bas bolgesinde olup eritem,
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beyazimsi/kahverengi kabuklanma,
ekskoriasyon ve kasintt mevcuttu (Sekil 2A).
Yukarida belirlenen tiim uygulama prosediirii
uygulandiktan sonra 5. giin olgumuzda eritem
ve kahverengi kabuklanma gozlenmedi ancak

klinik skor indeksi degismeyerek

ekskoriasyon ve kasmti gorildi. Diski
skorlamasinda 0. giin belirtilen yumusak
digkist 5. glin normal diskiya dondiigi
bulundu. 10. giinde olgumuzun tiim klinik
belirtilerinde diizelme gozlemlendi.

Sekil 2. Koyunlarda 0. giin sol siitun, 5. giin orta siitun, 10. giin sag siitun goriintiileri; A1-3 Olgu 2; B1-3 ve C1-3 Olgu 4

OLGU-3

Uciincii olgumuz 4 yash, disi, Sakiz ki bir
koyun olup olgunun Sarcoptes spp. ile enfekte
oldugu yukaridaki prosediirde tiim olgularda
ortak sekilde belirlendi. Olgumuzun lezyonlar
bas bolgesinde olup alopesi, beyazimsi
kabuklanma ve c¢atlama mevcuttu. Yukarida
belirlenen tim uygulama prosediirii
uygulandiktan sonra 5. giin olgumuzda klinik
lezyonlarindan derinin ¢atlamas1  goriilmedi
ancak yine klinik indeks skoru ayni seviyede
devam ettigi gozlemlendi. 10. giinde olgu 3
sahibi tarafindan satildig1 icin klinik gozlem
yapilamadi.

OLGU-4

Doérdiincii olgumuz 3 yash, disi, Sakiz irki bir
koyun olup olgunun Sarcoptes spp. ile enfekte
oldugu yukaridaki prosediirde tiim olgularda

ortak sekilde belirlendi. Olgumuzun lezyonlar1
bas bolgesinde eritem, alopesi,
beyazimsi/kahverengi kabuklanma, c¢atlama ve

kasinti mevcuttu (Sekil 2B-C). Yukarida
belirlenen tim uygulama prosediirii
uygulandiktan sonra 5. giin olgumuzda klinik
lezyonlarin ~ ¢ogunda  azalma  goriildii.

Olgumuzda 5. giin kabuklanma haricindeki
eritem, alopesi, kahverengi kabuklanma ve
catlama bulgular1 ortadan kalkmistir ve klinik
indeks  skorunun 3’den 2’ye  distigi
belirlenmistir. Uygulama Oncesi ve sonrasi
digerlerinin aksine digki skoru degismemistir.
10. giinde olgunun klinik belirtilerinde diizelme
gbzlemlendi.

TARTISMA

Koyun uyuzu, bir akar istilast sonucu meydana
gelen olduk¢a bulasici bir deri hastaligidir.

MENL—



Endemik  oldugu iilkelerde  hayvancilik
sektoriinde  biiyiik  kayiplara  sebebiyet
vermektedir  (Larsen ve  Storin, 1980;

Tishenkova, 2005).

Arastirmamizda lezyon dagilimlarmin Irak’
ta yapilan bir ¢aligmayla (Shamsa vd., 2008)
benzer sekilde biiyiik oranda bas bolgesinde
oldugu tespit edildi. Koyunlarda uyuzun klinik
belirtileri arasinda pullu, kabuklu sarimtirak
lezyonlar, deri hasar1 ve yapagr kaybi1 yer
almaktadir (Mitra vd., 1993). Klinik bulgularin
da daha once bildirildigi (Kettle, 1995; Solusby,
1968) gibi asirt kasinti, silirtinme ve bas
bolgesinde (periokuler, burun, kulak,
cevresi) alopesi ve kahverengi/beyazimsi
kabuklanma seklinde tespiti s6z konusuydu.
Enfekte koyunlardaki klinik bulgular mevcut
akarlarin deri altinda tilineller
aciklanabilmektedir. Akarlarin tiikiiriikleri, deri
katmanlarini (yiizeyselden derine), eritebilen ve
akarlarin yuvasi olacak tiinelleri olusturan gii¢li
sindirim enzimlerinden olusmaktadir (Al-
Shebani vd., 2012). Ayrica sarkoptik uyuz
genellikle istila edilmis konake¢ida
yumurtladiklar1  ve  yasam  dongiilerini
strdiirdiikleri deri tiinelleri olusturan oyuk
akarlar1 olarak adlandirilmaktadir (Jimenez vd.,
2010; Niedringhaus vd., 2019). Bu siireg
boyunca yasayan sarkoptik uyuz sonucu etkenin
dokiilen deri, nimf ve yumurta kabuklar ile 6li
formlar1 ile biiyliik miktarda antijenik uyaran
aciga c¢ikarmakta ve s6z konusu bu durum da
akarlara kars1 asir1 duyarliligin artmasina neden
olmaktadir (Morgan vd., 2016; Niedringhaus
vd., 2019). Ozellikle olgun disiler tarafindan
yapilan deri altt tiinelleri, epidermisin

agiz

acmastyla

kalinlasmasina ve kabuk olusumuna neden
olmaktadir (Teodoro vd., 2018) ve bu ¢alismada
gozlenen mevcut bulgular belirtilen etkenin
yasam seklinden kaynaklanmaktadir.

Patojenlerden bazilar1 birden fazla ¢esitli
konak tiiriinde bulagsmay1 siirdiirmekle birlikte,
epidemiyolojik olarak 6nemli olan bu becerinin
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nasil kazanildigi bilinmemektedir. S. scabiei,
memeli parazitleri iginde
olmayan (generalist) ve en bulasic1 ev direngli
uyuz etkenlerinden biridir. Elizabeth ve
digerleri (2022) siirekli bulagmaya aracilik eden
patojen ve konake1 ozelliklerini sentezleyip iic
bulagsma mekanizmasii da (direkt, indirekt ve
kombine) gosteren vakalar sunmaktadir. S.
scabiei’ nin s6z konusu basarisini agiklayan
patojen oOzellikleri arasinda bagisiklik yaniti
konak¢1 lizerindeki hareket
yetenegi, konak dis1 arama davranislart ve
cevresel kalicilik yer almaktadir. Sosyallik ve
konak yogunlugu, direkt bulagsmanin baskin
oldugu  konaklarda  Onemliyken
konaklarda ortak kullanim alanlarinin varhig
indirekt bulasma icin Onem arz etmektedir.
Sosyal yasam kuran tilirlerde direkt ve indirekt
bulasmanin birlikte goriilmesi muhtemeldir. S.
scabiei’ nin konak¢1 tiirlerde endemik hale
gelmesini saglayan mekanizmalar nadir olarak
ele alinmis ve caligmalar daha c¢ok salginlara
odaklanmistir. Elizabeth ve digerleri (2022),
yaptiklar1 caligmada parazitlerin konak tiirleri
arasindaki bulagmay1 siirdiirmek i¢in gelistirdigi
mekanizmalarin adaptasyon siireclerini acikliga
kavusturmay1 hedeflemistir.

konak¢iya 0zgil

modiilasyonu,

yalniz

Gegmisten giliniimiize pek cok akarisidal ajan
bitkilerden elde edilmistir (Akram vd., 2020;
Tooning vd., 1988). S. scabiei'ye karsi
akarisidal aktiviteye sahip c¢esitli tibbi bitkilerin
kullanim1 birgok memeli tiiriinde bildirilmistir
(Akram vd., 2020; Chen vd., 2019; Pasipanodya
vd., 2021; Shiven vd., 2020). Genel olarak
sarkoptik uyuzda kullanilan bir¢ok akarasid
etkinligini, etkenin ekdizon biiylime hormon
sentezi ve sitokrom P450 mono-oksijenaz
detoksifikasyon mekanizmasin1  baskilayarak
gostermektedir (Verma vd., 2011).

Koyunlarda sarkoptik uyuza kars: etkili oldugu
en 1yl bilinen bitkisel {iiriin neem yagidir
(Tabassam vd., 2008). 14 giin siireyle %20’lik
formiilasyonun topikal uygulanmasiyla %100

e
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klinik iyilesme bildirilmistir (Tabassam vd.,
2008). Yine koyunlarda korunga bitkisinden elde
edilen ekstraktin 14 giin siireyle uygulandiginda
klinik 1iyilesme sagladigi ifade edilmektedir
(Shahatha, 2020). Icerisinde C. longa’nin da yer
aldigr bitkisel merhem karisimmin topikal
uygulandigi sarkoptik uyuzlu buzagilarda 7-15

giin icerisinde iyilesmenin saglandigt  ve
uygulamasi sonrast 7-30. gilinlerde yapilan
mikroskobik incelemelerde canli akar ile

karsilagilmadigr goriilmiistiir (Naresh vd., 2005).
Arastirmamizda da bitkisel {irtinlerden hazirlanan
formiilasyonlar sonrasi klinik skorun kisa siire
icerisinde hizla geriledigi gozlemlendi.

Calismamizda olusturulan bitkisel
formiilasyonlarda yer alan C. longa tavsanlarda
standart uyuz sagaltiminda yer alan ivermektin
enjeksiyonu yaninda rasyona adjuvant olarak
eklendiginde enfestasyona bagli gelisen oksidatif
yanit1 elemine ederek ivermektinin anti-paraziter
etkinligini arttirdig1, performansi arttirdigi ve
immiiniteyi destekledigi goriilmiistiir (Abu Hafsa
vd., 2021). Bufalolarda (Naresh vd., 2005) ve
develerde (Atal vd., 2023; Periasamy vd., 2018)
yine zerdegal igceren kombine topikal iiriinlerin
tyilesme sagladigi bildirilmistir.

SONUC

Sonu¢ olarak zerdegcal ve devedikeninden
olusan bitkisel kombinasyonun 6zellikle topikal
basta olmak {izere yine rektal yolla da
uygulanmasinin sagaltimda yardimci
olabilecegi ancak bu klinik iyilesmenin ve
sagaltim etkinliginin daha fazla sayida hayvanin
caligmaya dahil edildigi, uzun siireli takipli
arastirma ile desteklenmesi gerektigi diistintildii.

ACIKLAMALAR

Etik beyan: Calismamizda yem katki maddeleri ile
dogal destek saglandigindan, deneysel bir calisma
kapsamimda herhangi bir ilag uygulamasinda
bulunulmamus, yine de hasta sahibinden bilgi onam
formu alinmigtir.

(Cikar catismasi: Yazarlar arasinda g¢ikar catigmasi
bulunmamaktadir.
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Investigation of the effect of sodium selenite on
metallothioneine expression in the liver and kidney in
experimental cyclophosphamide toxicity

ABSTRACT

In this study, the effect of sodium selenite (SS) on metallothionine expression in liver
and kidney tissues of rats administered cyclophosphamide (CP) at high dose
intraperitoneally (i.p.) was investigated. In the study, a total of 24 Wistar Albino female
rats with a weight of 200+£10 g were used in 4 groups. Grouping in the study: Group |
(Control group; daily 1 mL serum physiologique given as ip), Group Il (CP group; 200
mg/kg/day CP administered as ip for 1 day), Group 111 (SS Group; 1 day ip 1 mg/kg/day
SS was given as a treatment), Group 1V (CP Group + SS Group; 200 mg/kg/day CP and
1 mg/kg/day SS was given as ip for 1 day) by forming 4 different groups. The effect of
histopathological findings was found to be significantly lower in the group in which CP
was given at high doses and SS was applied at the same time, compared to the group in
which only CP was applied. When immunohistochemical findings related to MTs of
liver and kidney tissues in this group were compared with histopathological findings,
similar results were observed in terms of evaluation results. The study was concluded
to be important in terms of animal and human health because SS is well tolerated in the
organism and has no side effects at the appropriate dose.

Keywords: Cyclophosphamide, metallothionein, sodium selenite

NTRODUCTION

Cyclophosphamide (CP) is one of the alkylating antineoplastic

agents widely used in oncology (Poll et al., 1988). It is a drug in

the oxazophosphorine structure, which is in the alkylating class
of chemotherapeutic agents (Bernacki et al., 1987). For CP treatment
purposes, it is used effectively in pediatric solid tumors, acute
lymphocytic leukemia in children (Limandal, 2013), non-Hodgkin
lymphomas (Glode et al, 1981), soft tissue sarcomas,
rhabdomyosarcomas, thrombocytopenic purpura, systemic lupus
erythematosus (Bertram, 2012) and Behcet's disease (Ozyazgan et al.,
1992). CP that is metabolized in the liver is excreted by the kidneys
within 48 hours. 3-25% of the dose that was taken into the organism; is
excreted in the form of the parent compound. The liver cytochrome P-
450 enzymes allow CP to be activated to 4-hydroxy-cyclophosphamide
and isomerized to aldophosphamide. Aldophosphamide is converted to
phosphoramide mustard (FAM) and to acrolein (ACR), which have a
cytotoxic effect in the urinary bladder (Kawabata et al., 1990; Bertram,
2012).
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Sodium Selenite Impact on Cyclophosphamide Toxicity

Selenium (Se) was accepted as a toxic element
until the 1930s. The protection of Se in liver tissue
degeneration was first reported by Schwarz and
Folz in 1957 (Schwarz & Foltz, 1957). The main
source of Se is soil, but the way it is found in
animals and plants is different. It is generally
found in animal tissues in the form of
selenocysteine and selenomethionine, while in
plants it is found in the form of Se-methyl-
selenomethionine, selenocysteine, selenocysteine
and selenomethionine (Cousin & Cairney, 1961;
Ullery, 1992; Aksoy, 2000). Selenoproteins
enable Se to perform its biological activity in
tissues. Se, located in the active site of the
glutathione peroxidase enzyme in cells is in the
form of selenocysteine. The glutathione
peroxidase enzyme is very important for
erythrocytes, it is a detoxifier of hydrogen
peroxide (Akkus et al., 1991). Diseases such as
nutritional myopathy, mad chick disease,
exudative  diathesis, pancreatic ~ fibrosis,
decreased egg production, and decreased brood
productivity occur in sheep when Se is deficient
(Bildik et al., 1996; Goger, 1997). The discovery
of metallothioneines (MT) dates back to 1957.
Margoshes and Vallee reported that MTs bind
cadmium in mammalian  kidney cells
(Margoshes & Vallee, 1957). MTs exist in
different forms in animals and plants,
prokaryotes and eukaryotic microorganisms
(Klaassen et al., 1999). MTs are important in the
homeostasis of basic metals such as Zn and Cu
and in detoxifying heavy metals such as Cu, Cd,
Hg and Ag. MTs are proteins with a high
cysteine content, the ability to bind metals, being
soluble and temperature-stable, consist of 61-68
amino acids, and having a molecular weight of
6000-7000 Da (Viarengo & Nott, 1993). Metals
and other physical factors such as hunger,
pesticide-induced oxidative stress, salinity, heat-
cold trauma, exercise, UV rays, chemicals such
as carbon tetrachloride-paraquat, alkylating
agents, drugs applied in tumor treatment,
inflammation, interleukin 1-6, and TNF induce
MT expression. It can also be induced by
hormones such as cytokines, bacterial infections,

glucocorticoids, angiotensin-Il, and glucagon
(Sato & Bremner, 1993; Viarengo et al., 1999;
Mosleh et al., 2005). It has been reported that
MTs show cytotoxic resistance to the drugs used
in malignant tumor treatments, especially in
cases with poor prognosis (Cherian et al., 2003;
Gomulkiewwicz et al., 2010). Antioxidants,
alpha tocopherols and glutathione play an active
and important role in the protection of liver cells.
MTs, which are similar in structure to
glutathione, are potential antioxidant proteins
and have a very important place in the protection
of liver cells (Zhou et al., 2002).

MATERIALS AND METHODS
Antioxidant and drug used

In the study, i.p. SS given as Sigma Aldrich
(Germany), and as CP; Endoxan® (Mccaroll et
al.,, 2008) containing 1069.9 mg of CP
monohydrate, equivalent to 1g CP, was supplied
from Eczacibasi Pharmaceutical Company
(Turkiye).

Experimental animals used

Experiment and study design were approved by
Aydin Adnan Menderes University,
Experimental Animals Ethics Committee with
the decision numbered 64583101/2016/146.

A total of 24 adult female Wistar Albino rats
weighing 200+10 grams were used in the study.
Rats were kept in transparent polycarbonate
cages throughout the study. The rats were given
drinking water and standard feed ad libitum.
They were kept in special cages in special rooms
with a temperature of 22+2°C, a humidity of 50-
55%, and a lighting of 12;12 hours light/dark.

Experiment design

The rats used in the study were randomly
determined and grouped into 4 different groups,
with 6 rats in each group (Sabik & El-Rahman,
2009). Group | (Control group): During the
study, 1 ml 0.9% saline daily i.p. given as).
Group Il (CP group): Each rat was given 1 day
I.p. 200 mg/kg/day CP was given. Group Il (SS
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group): Each rat was given i.p. for 1 day. 1 mg/kg
SS was given. Group IV (SS Group + CP
Group): Each rat was administered i.p. for 1 day.
As a result, 1 mg/kg SS and 200 mg/kg/day CP
were given.

Pathological examination

After the necropsy procedures applied to rats,
kidney and liver tissue samples were taken into
formalin solution (10%) for 48 hours and tissue
fixation was made. Afterwards, the fixed tissues
were trimmed. Then, after the trimmed samples
were taken into tissue tracking cassettes and
washed under tap water, they were placed in the
tissue tracking device (Leica TP1020,
Germany), tissue tracking was performed and the
samples were brought to the sectioning stage by
blocking in paraffin. Block tissue samples in
paraffin (Leica RM 2135, Germany) were cut
with a microtome at a thickness of 4-6 microns
and stained with hematoxylin-eosin  for
histopathological examinations and examined
under a light microscope. Sections deemed
necessary were stained with Masson's Trichrome
and oil red O dye, respectively, and examined
under a light microscope to examine connective
tissue and hepatic lipidozis (Culling et al., 1985).
Findings found as a result of macroscopic and
microscopic examinations were evaluated by
semiquantitative method in terms of parameters
such as dilatation, hyperemia, degeneration,
necrosis,  hepatic  steatosis,  glomerular
congestion, bleeding, separation of tubular
basement membranes (0; no finding, 1; mild, 2;
moderate and 3; severe) (Chmielewska et al.,
2015).

Immunohistochemical examination

MT expression in tissues was evaluated
immunohistochemically by streptavidin-biotin
immunoperoxidase method. For this purpose,
monoclonal anti-metallothionine clone E9
antibody (Thermo Fisher, U.S.A) was used
(Chmielewska et al., 2015). Sections of 6 pm
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thickness cut from paraffin blocks were taken on
slides coated with poly-L-lysine. Sections taken
on slides were placed in an oven at 40°C, where
they were incubated for 10 minutes and then
serially exposed to xylol and alcohol, then
washed with phosphate buffered solution (PBS;
pH 7.2) for 3x5 minutes. Endogenase peroxidase
activity in the tissues was removed by incubation
for 30 minutes in absolute methanol containing
3% hydrogen peroxide (H202) at room
temperature. Tissues on the slides were washed
with phosphate buffered solution for 3x5
minutes and then kept in a 0.1% proteinase K
solution at 37°C in a humid chamber for 10
minutes. In order to prevent non-specific
antigenic binding, 1% bovine serum albumin
was kept in a humid chamber for 20 minutes.
Tissues were then coated with the primary
antibody and incubated overnight at +4°C.
Following this, the tissues were coated with
biotinylated secondary antibody and incubated
for 15 minutes at room temperature. The
Histostain Plus IHC Kit (Thermo Fisher, U.S.A)
was used for staining. Afterwards, after the
sections were incubated with horseradish
streptavidin peroxidase conjugate for 15 minutes
at room temperature, 3,3'-diaminobenzidine
tetrahydrochloride-H20>  (DAB)  (Invitrogen
DAB-Plus Substrate Kit, U.S.A) substrate was
applied. After using Harris hematoxylin for
counterstaining, the sections were dehydrated in
alcohol series. After the sections were cleared in
xylol, they were mounted with adhesive
(Entellan). After staining the sections under the
same conditions and procedures,
histopathological findings and MT expression
intensities  in  tissues  were  evaluated
semiquantitatively under light microscopy.

Statistical analysis

The data of the study were analyzed using SPSS
22 (Inc., Chicago, IlI, USA) software. The
conformity of the data obtained in the study to
the normal distribution was evaluated using the
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Kolmogorov-Smirnov test. One-way analysis of
variance was performed for the data that were
suitable for normal distribution. Kruskal-Wallis
test was used for the data not suitable for normal
distribution. Post hoc multiple comparisons were
performed using the Mann-Whitney U test with
Bonferroni corrected. Within the scope of one-
way analysis of variance, the homogeneity of the
available data was determined by Levene's test.
Statistical differences between groups according
to the homogeneity of the obtained data were
determined by Tamhane or Tukey test (Conover,
1980). Statistical differences between study
groups were determined by the post-hoc Tukey
test from GLM procedures. If the P value was
less than 0.05, it was considered significant.

RESULTS
Macroscopic and microscopic findings

In the study, macroscopic findings were detected
only in experimental animals in Group Il. The
cross-sectional surfaces of the liver and kidneys
were edematous. Macroscopically, barely visible
hyperemia and congestions were detected in both
organs. The severity of hyperemias and
congestions was slightly milder in Group IV. No
macroscopic finding was observed in the other
groups in the study. The severity and distribution
of the microscopic findings of the liver and kidney
tissues of Group Il and Group IV are given in
Table 1 and Table 2.

Table 1. Statistical evaluation of semiquantitative results of microscopic findings of livers of rats given high dose of

cyclophosphamide (CP)

Histopathological Findings
Groups SLqusgidaI Hyperemia Degeneration Necrosis Steatosis
ilation

Group | 0.00 £ 0.00? 0.00 + 0.00? 0.00 + 0.00? 0.00 + 0.00? 0.00 + 0.00?
Group Il 1.75+0.39° 1.18 £ 0.30° 3.00 + 0.00° 2.46 + 0.08° 0.08 + 0.04°
Group I 0.01+ 0.042 0.10 £ 0.06° 0.15+0.162 0.00 + 0.00? 0.00 £ 0.00?
Group IV 1.70 + 0.20° 1.08+0.17° 1.76 +0.22° 1.40£0.25° 0.00 = 0.00?
P value <0.05

Group | (Control group), Group 11 (CP; 200 mg/kg/day), Group 111 (SS; 1mg/kg/day), Group IV (CP; 200 mg/kg/day +
SS; 1mg/ kg/day). #¢: statistical difference in the same column, SS: Sodium selenite

Table 2. Statistical evaluation of semi-quantitative results of microscopic findings of kidneys of rats given high dose of
cyclophosphamide (CP)

Histopathological Findings

A Separation of
Groups Dilatation of  Glomerular Hemorrhage  Degeneration Necrosis tubu[I)ar basement

tubules congestion

membranes

Group | 0.00+0.00°  0.00+ 0.00% 0.00 £ 0.00? 0.00 £ 0.00? 0.00 £ 0.00? 0.00 £ 0.00?
Group 1l 0.35+£0.50*  0.50 £ 0.08° 0.56 +0.45° 2.83 £0.24° 2.75+0.29¢ 2.10+0.55¢
Group Il 0.00+0.002 0.00+0.008  0.00+0.00? 0.00+£0.00*  0.00+0.002 0.00 +£0.002
Group IV~ 0.16+0.26°  0.30+0.10°  0.26+0.29% 1.68 +0.14° 1.81+0.38° 1.51+0.24°
P value <0.05

Group | (Control group), Group Il (CP; 200 mg/kg/day), Group 11 (SS; 1mg/kg/day), Group 1V (CP; 200 mg/kg/day +
SS; 1mg/ kg/day). #¢: statistical difference in the same column, SS: Sodium selenite




The most common and severe microscopic
findings in the livers of Group Il and Group IV
animals, in which CP was given at high doses,
were found in Group Il. Microscopic findings
were milder in Group IV, in which CP was
administered  simultaneously ~ with  sodium
selenite. The detected lesions were listed as
dilatation, congestion, disruption in the
arrangement of the remark cords, hyperemia,
degeneration (Figure 1) and single cell necrosis
in hepatocytes. Dilatations in the sinusoids were
mostly detected in the centrilobular areas. Single
cell necroses and degenerations showed an
irregular distribution in contrast to the
dilatations. Degeneration, necrosis, sinusoidal
dilatation, hyperemia and adiposity levels were
found to be statistically significantly higher in
experimental animals in Group 11, where only CP
was given as high dose, compared to the control
group and the group given only selenium

(P<0.05). Although the dilatation and hyperemia
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levels in the sinusoids were higher than Group
IV in which CP was applied simultaneously with
selenium, the difference was not statistically
significant. Again, degeneration, necrosis and
steatosis levels seen in hepatocytes were found
to be lower in Group IV compared to Group Il
(P<0.05). In Group Il and Group 1V, where CP
was given at high doses, the most severe findings
in the kidneys were seen in Group Il. The most
common microscopic findings in this group are;
tubular epithelial degenerations and necrosis
(Figure 2). The hemorrhages were located
cortical and medullary. Although the rate of
dilatation in the renal tubules was higher in the
CP group alone, it was not statistically

significant compared to the other groups.

Degeneration and necrosis rates were found to be

lower in the group in which CP was applied

together with SS compared to the group in which

only CP was applied, but significantly higher
than the control and only SS groups (P<0.05).

. d R

Figure 1. Liver. Degeneration (arrowheads) and necrosis (arrows) in hepatocytes. A: Group | (Control group), B: Group
I1 (CP; 200 mg/kg/day), C: Group 111 (SS; 1 mg/kg/day), D: Group 1V (CP; 200 mg/kg /day + SS; 1 mg/kg/day). HE. CP:

Cyclophosphamide, SS: Sodium selenite
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Figure 2. Kidney. Degeneration (arrows) and necrosis (arrowheads) in tubular epithelium. A: Group | (Control group), B:
Group 11 (CP; 200 mg/kg/day), C: Group I11 (SS; 1 mg/kg/day), D: Group IV (CP; 200 mg/kg /day + SS; 1 mg/kg/day). HE.

CP: Cyclophosphamide, SS: Sodium selenite

Immunohistochemical findings

The semi-quantitative evaluation results of the
immunoistochemical findings of MT detected in
the liver and kidney tissues of these groups in
Groups Il and Group IV, where CP was
administered at high doses, are summarized in
Table 3.

Table 3. Statistical evaluation of semiquantitative results

of immunohistochemical findings of metallothionein
antibody in which CP was given at high doses

Organs
Groups - :
Liver Kidney

Group | 4.3+0.2% 5.0+0.22
Group Il 84.1+3.2° 85.7 +£3.3°
Group I 55+0.3? 6.2+0.22
Group IV 41.8+1.0° 42.7+0.9°
P value <0.05

Group | (Control group), Group 1l (CP; 200 mg/kg/day),
Group Il (SS; 1 mg/kg/day), Group IV (CP; 200
mg/kg/day + SS; 1 mg/ kg/day). &< statistical difference in
the same column, CP: Cyclophosphamide, SS: Sodium
selenite

In Group Il and Group 1V, where CP was
administered at high doses, the most intense MT
expression level in the liver (Figure 3) and
kidneys (Figure 4) was seen only in Group I,
where CP was administered. In Group 1V, in
which CP was applied together with SS, MT
expression intensity was found to be statistically
significantly low (P<0.05).

DISCUSSION

In cases where tumors show resistance to
antineoplastic agents or the application doses of
these agents are insufficient in human and
veterinary medicine, high doses of many agents
applied in chemotherapy, especially CP, are
required (Cavalletti et al., 1986; Kaya et al.,
2007). The most important factor limiting the
increase of good therapeutic efficacy of CP, one
of these chemical agents used in chemotherapy,
is the toxic effects of the drug on liver and kidney
tissues (Pool et al., 1988; Droller et al., 1982;
Fraser et al., 1991; Schimmel et al., 2004).
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Figure 3. MT expressions in the livers of rats given high dose CP (arrows). A: Group | (Control group), B: Group 11 (CP;
200 mg/kg/day), C: Group Il (SS; 1 mg/kg/day), D: Group IV (CP; 200 mg/kg /day + SS; 1 mg/kg/day). CP:
Cyclophosphamide, SS: Sodium selenite
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Figure 4. MT expressions in the kidneys of rats given high doses of CP (arrows). A: Group | (Control group), B: Group
11 (CP; 200 mg/kg/day), C: Group Il (SS; 1 mg/kg/day), D: Group IV (CP; 200 mg/kg /day + SS; 1 mg/kg/day). CP:
Cyclophosphamide, SS: Sodium selenite
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The toxic effect of CP in tissues is related to
its active metabolite, ACR. It has been stated that
this toxic effect occurs by the destruction of the
antioxidant defense systems of the organism by
ACR, which is revealed by the metabolism of
CP, and causes the formation of free radicals at
high rates (Mccaroll et al., 2008). Although
oxidative stress is effective in many pathological
mechanisms in the organism, the excess free
radicals that occur in these events are neutralized
by the antioxidant system and a balance is
provided in the organism. In case of disruption
of this balance between the antioxidant system
and free radicals, a number of pathological
disorders occur (Bulkley, 1989; Valko et al.,
2006). It has been reported that free radicals have
a strong toxic effect and cause peroxidation and
modification by oxidizing lipids, carbohydrates,
proteins and DNA in cells (Halliwell &
Gutteridge, 1984). In the present study, it was
observed that high dose CP administered to rats
for 1 day caused hyperemia, degeneration,
steatosis, necrosis and sinusoidal dilatation in
hepatocytes in the liver, consistent with previous
studies (Senthilkumar et al., 2006; Avc et al.,
2016). The histopathological findings we
obtained in our study were associated with the
toxic effect of CP caused by free radicals that
started with FAM and emerged afterwards. In
addition, high doses of CP were observed to
cause glomerular congestion, hemorrhage,
degeneration, separation and necrosis in the
basal membranes of the tubules, in accordance
with previous studies (Senthilkumar et al., 2006;
Abraham et al., 2007). The histopathological
findings in our study confirmed the knowledge
that ACR, which is the metabolite of the toxic
effect of CP, causes a high rate of free radical
formation by destroying the antioxidant defense
systems (Mccaroll et al., 2008). In this context,
in our study, the use of SS, which is a strong
antioxidant, was preferred in order to allow the
use of CP at high doses. Se exerts its biological
functions through the selenoproteins in the
tissues. Selenoproteins modulate inflammation,
eicozonoid synthesis, and prevent further

progression  of  oxidative damage to
biomolecules such as lipid, lipoprotein, and
DNA (Rayman, 2000). Se is a necessary part of
the glutathione peroxidase enzyme system;
Glutathione is the coenzyme of glutathione
peroxidase and plays an important role in
scavenging free oxygen radicals. It also provides
regeneration of antioxidant systems, reduction of
nucleotides in DNA synthesis and intracellular
redox state, which is important for cell
proliferation. It protects endothelial cells against
damage caused by peroxynitrite (Acar, 2015).
There are studies showing that Se has a
protective effect on the cell membrane by
suppressing lipid peroxidation, as well as
reducing the side effects of cytotoxic drugs such
as cisplatin (llio et al., 1987; Yang et al., 2000).
Regarding the protective efficacy of Se, in a
study on CP-induced hepatotoxicity
(Bhattacharjee et al., 2014), the protective
efficacy of Se against CP-induced toxicity was
confirmed histopathologically and reported. In
another study (Acar, 2015) it was reported that
Se given together with CP reduced the severity
of histopathological findings such as liver
degeneration and necrosis, and thus showed a
protective effect against oxidative damage in the
liver tissue. In the present study, it was observed
that the severity of histopathological findings in
the liver tissue in Group IV, which was
administered high-dose CP+SS, was statistically
significantly reduced compared to Group I,
which was administered only high-dose CP.
Again, this result was supported by the MT
expression level in liver tissue. It was suggested
that the decrease in the severity and distribution
of histopathological findings in liver tissues may
be related to the reduction of oxidative stress
damage by sodium selenite. When the kidney
tissues of rats belonging to all groups were
examined, the most common and severe
histopathological findings were observed only in
Group I, where high-dose CP was given. These
findings were similar to previous studies with CP
in rats (Senthilkumar et al. 2006). In the study,
the severity of the histopathological changes
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observed in Group IV, in which CP+SS was
applied, was found to be lower than in Group II,
where only high-dose CP was applied. This
result revealed that sodium selenite has a
protective feature on kidney tissues at the
histomorphological level in cases where CP is
given at high doses. In addition, the low level of
MT expression immunohistochemically, which
confirmed the study, supported this view.
Metallothionines are stress proteins. While they
provide homeostasis of basic metals such as Zn
and Cu, they also provide detoxification of heavy
metals such as Cd and Cu (Viarengo & Nott,
1993). It has been stated that they participate in
the process as natural anti-oxidative proteins, as
they prevent cell damage against the oxidative
effects of oxygen free radicals and hydroxyl
radicals that arise for different reasons (Zhou et
al., 2002). MTs have direct effects on cell
proliferation by forming complexes with metals
such as Cu and Zn. MTs have important effects
in the prevention and treatment of inflammatory
diseases in organs such as liver, kidney,
pancreas, intestine and brain. Therefore, it is
reported that the use of MTs for therapeutic
purposes will be beneficial in maintaining the
normal physiological activities of the organism
(Simsek & Alabay, 2007). In this context, it was
observed that sodium selenite, especially given
together with high doses of CP, significantly
reduced the severity of histopathological
findings in liver and Kidney tissue, and also
significantly decreased the MT expression levels
immunohistochemically  in  both  tissues
(Chmielewska et al., 2015). This result made us
think that MTs can also be used as a stress
protein marker in the liver and kidney when CP
is given at high doses (Zambenedetti et al., 1998;
Candan et al., 2017). In the present study, it was
observed that sodium selenite was effective in
terms of MT expression level against the toxic
effects of CP in the liver and kidney tissues in
cases requiring the use of CP in high doses.
Therefore, it was concluded that sodium selenite
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can be used as an alternative supplement in cases
where CP will be used in high doses.

CONCLUSION

In recent years, research on the development of
methods that prevent the toxic effects of many
drugs, especially CP, which is one of the
chemotherapeutic drugs, and allow these drugs to
be used at low doses for a long time or at high
doses, continues. When these drugs are used in
high doses and frequently, they cause toxic side
effects as well as their intended therapeutic
effects. In the study, the most severe
histopathological findings were observed in
Group 11, in which only high-dose CP was used,
and we concluded that CP had a highly toxic
effect on liver and kidney tissues. The high level
of MT expression in liver and kidney tissues
immunohistochemically supported this view. The
low severity of histopathological findings and
immunohistochemical MT expression level in the
liver and kidney tissues in Group 1V, in which SS
was applied together with CP, compared to Group
I1, which was given only CP, suggest that SS can
be used in the treatment in cases that require the
use of CP at high doses. conclusion was reached.
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The effect of resveratrol on live weight, serum Research Article

biochemistry and tissue antioxidant enzymes in rats
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The aim of this study is to determine the effects of resveratrol used in adding it to Nazh Ercan

drinking water. The study was carried out with 24 Wistar albino male 20 days rats for
40 days. The study design was determined as one control and two trial groups (each

group with 2 parallels and each parallel with 4 rats). The first group was given a basal * Sivas Cumhuriyet
ration and drinking water. The second group was given the basal ration and drinking University Faculty of
water with 10 mg/kg resveratrol; and the third group was given the basal ration and Veterinary Medicine
drinking water 20 mg/kg resveratrol. In serum biochemistry parameters, significant Department of Animal
decreases were observed in serum Aspartate aminotransferase (AST) enzyme activity, Nutrition and Nutritional
blood urea nitrogen (BUN), albumin, total protein and globulin concentrations and Disorders, Sivas, Tirkiye
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and an increase in muscle and kidney catalase (CAT) activity were observed. A decrease Tiirkiye

was observed in malondialdehyde (MDA) concentrations, which is a parameter of lipid
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that this additive can be used for various purposes.
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Resveratrol (3,5,4'-trihydroxytrans-stilbene) is a polyphenolic 50000-0002-8812-191X

compound found in 72 plants, mainly grapes and peanuts (Joe et ¢0000-0002-7473-3579
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found the average concentration of resveratrol in red wine as 4.7 mg/L.
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Resveratrol was reported to have numerous pharmacological effects,
including antioxidant, preventing cancer, anti-coagulation and
inflammation, anti-aging, hypoglycemic and hypolipidemic effects
(Nosa et al., 2014; Singh et al., 2015; Xie et al., 2013). It also shows
antiestrogenic activity by inhibiting platelet aggregation (Stivala et al.,
2001). Adrenaline induced by resveratrol has been reported to have a
lipolytic effect (Szkudelska et al., 2009). Resveratrol is also reported to
provide a decrease in inflammation through inhibition of prostaglandins
and cyclooxygenase-2 (COX 2) (Shankar et al., 2007).
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In mouse modeling studies, the addition of

resveratrol was reported to increase the
concentrations of SOD and glutathione
peroxidase (GPx), while reducing the

concentration of MDA (Liu et al. 2012).
Similarly, there are studies that report resveratrol
increasing the concentration of antioxidant
enzymes such as CAT, SOD and GSH-Px (Khan
et al., 2013; Sahin et al., 2012). The antioxidant
activity of resveratrol can also inhibit the
oxidation of low-density lipoproteins (LDL).
Therefore, it was also reported to prevent
endothelial damage associated with
cardiovascular disease (Frankel, 1993; Nigdikar
et al., 1998). It was also reported that resveratrol
increases the phosphorylation levels of proteins
involved in the insulin signaling pathway in the
liver in obese mice (Hong et al., 2014).

This study, unlike other studies, was designed
on the hypothesis that Resveratrol would have
positive effects by adding it to water instead of
feed. In this context, the effects of Resveratrol on
live weight change, feed consumption, serum
biochemistry and antioxidant parameters in
animals that consumed Resveratrol and those in
the control groups will be examined.

MATERIALS AND METHODS
Animal and treatment groups

The study was performed with 24 Wistar albino
male post weaned 20-day-old rats for 40 days.
Resveratrol in the study (molecular formula
C14H1203, Cas no.: 501-36-0, purity: 99.13%,
Chem-Impex International Company, USA) was
provided from the market. The study design was
determined as one control and two trial groups
(each group with 2 parallels and each parallel with
4 rats). Ad libitum feed and water were given to
the control and experimental groups. The first
group (control) was given a basal ration and
drinking water with 0 mg/kg resveratrol. The
second group was given the basal ration and
drinking water with 10 mg/kg resveratrol; and the
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third group was given the basal ration and
drinking water 20 mg/kg resveratrol. The study
was conducted in accordance with the dosage
recommended by the OECD (1995). The rations
used in the experiment were formulated according
to the recommendations of NRC (1994). At the
end of the study, the animals were weighed at
beginning and the end to determine their live
weight changes.

Biochemical parameters analysis

At the end of the study, blood taken from animals
(eight per group, total of 24) was separated from
serum with a centrifuge device (Hettich - Eba 200,
Germany) at 3000 rpm for 10 minutes. Glucose,
total protein, aloumin, globulin, creatinine, BUN,
total bilirubin, total cholesterol, AST, gamma
glutamyl transferase (GGT) levels in blood serum
were determined by analyzing in a biochemistry
device (Mindray 200, China) with an auto
analyzer device.

Antioxidant parameter analysis

At the end of the study, the blood serum, liver and
muscle tissue homogenates were prepared. CAT,
SOD, GSH and MDA for lipid peroxidation
enzyme levels among the supernatant antioxidant
parameters obtained from serum and tissue
homogenates were determined by enzyme-linked
immunosorbent assay (ELISA) testing device
using commercial kits.

Statistical analysis

In the study, arithmetic mean was used as
descriptive statistics for groups and standard error
was used as a measure of prevalence. Conformity
of data to normal distribution was determined by
Kolmogorov-Smirnov test. One-way analysis of
variance (ANOVA) was used to determine the
significance of differences in body weight
changes, biochemical parameters and antioxidant
parameters between groups, and Tukey and
Tamhane's T2 multiple comparison test was used
to determine differences between groups.
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Effect of resveratrol in rats

Analysis results were decided according to the
significance level of p<0.05. The data were
analyzed using the IBM SPSS Statistic V 21.0
package program.

RESULTS

There was no statistical difference between the
groups depending on the effect of resveratrol on
the parameters of live weight and feed utilization
rate at the beginning and end of the study
(p>0.05) (Table 1).

Table 1. The effect of resveratrol on body weight and daily body weight gain in rats.

Parameters ~ Control o Res10 _ Res20 ~ pvalue
Initial live weight, g 52.50+0.93 51.254+0.75 52.50+1.31 0.610
Finish live weight, g 146.38+1.16 139.75+4.90 145.25+4.60 0.460
Daily live weight gain, g 2.68+0.05 2.53+0.14 2.65+0.13 0.620
There was a significant reduction in  resveratrol (p<0.05). There was no statistical

parameters of BUN, AST, albumin, total protein,
globulin and albumin/globulin ratio among
serum biochemistry parameters depending on

difference between the experimental groups in
terms of creatinine, total cholesterol, GGT, total
bilirubin, glucose parameters (p>0.05) (Table 2).

Table 2. The effect of resveratrol on serum biochemical parameters in rats.

Analyzes Control Res10 Res20 p value
Creatinine, mg/dL 0504003 051006 0374006 0.140
BUN, mg/dL 28.38+1.772 26.25+1.31%® 20.75+2.28° 0.020
Total cholestrol, mg/dL 72.0943.51 59.5444 .48 47.65+5.31 0.070
AST, U/L 154.80+4.452 130.71£5.17° 93.00+7.99° 0.001
GGT, U/L 1.00+0.01 1.25+0.25 1.50+0.29 0.530
Total Bilirubin, mg/dL 0.10+0.02 0.08+0.01 0.08+0.02 0.670
Albumin, g/dL 3.30+0.062 3.23+0.13%® 2.18+0.35° 0.002
Total Protein, g/dL 6.23+£0.112 5.84+0.25% 4.14+0.76° 0.010
Globulin, g/dL 2.93+£0.072 2.61+0.12% 1.79+0.40P 0.010
Albumin/globulin, g/dL 1.13+0.02° 1.24+0.03%® 1.58+0.212 0.050
Glucose, mg/dL 144.38+7.20 146.25+5.88 128.60+7.43 0.220

BUN: Blood urea nitrogen, AST: Aspartate aminotransferase, GGT: Gamma glutamyl transferase. #¢ The difference
between values with different letters on the same line is significant

Among the experimental groups within the
scope of antioxidant parameters, GSH enzyme in
liver tissue; GSH, MDA and CAT enzymes in
kidney tissue; SOD and CAT enzyme
concentrations in muscle tissue; statistically
significant differences were found. (p<0.05).
There was no statistical difference in serum

GSH, MDA, SOD and CAT enzyme
concentrations (p>0.05) (Table 3).
DISCUSSION

Resveratrol was first used in Chinese and
Japanese traditional medicine for the treatment

of inflammation, allergies and hypertension
diseases (Smoliga et al., 2013). Unlike previous
studies, the current study tries to determine the
effects of application in the form of adding
resveratrol to water in varying dosages instead of
dietary supplements.

There are many studies on the effect of
resveratrol on live weight and feed consumption
(Carbo' et al., 1999; Dal-Pan et al., 2010; He et
al., 2019; Juan et al., 2002; Pallouf et al., 2019;
Sridhar et al., 2015; Turner et al., 1999; Zhang et
al., 2014, 2017). In this study; Juan et al. (2002)
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found that 2g/kg of resveratrol has no negative
effect on growth in rats; Turner et al. (1999) and
Carbo' et al. (1999) reported that oral
administration of 20 mg/kg of resveratrol for 28
days did not affect body weight or growth rate.
In a resveratrol-administered study, no change in
feed consumption was determined in mice fed
with a diet high in fat and sugar for 12 months
(C57BL/6) (Pallouf et al., 2019). A study
conducted on different species reported that the
addition of 0.5% and 1.0% resveratrol to the
diets of broilers exposed to aflatoxin caused a
decrease in body weight and feed consumption
during a 5-week period but did not affect the feed
conversion rate (Sridhar et al., 2015). It was
reported that the addition of resveratrol to broiler
rations at different rates (200, 400 and 800
mg/kg) does not affect the feed performance
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parameters (Zhang et al., 2014). In the current
study, a similar effect to those of previous studies
was found (Carbo' et al., 1999; Sridhar et al.,
2015). However, He et al., (2019) reported that
the addition of resveratrol at different levels
(200, 350, 500 mg/kg) in broiler chickens under
heat stress affects the average daily feed
consumption and increases body weight. Zhang
et al., (2017) reported that the average daily feed
consumption, average live weight and feed
utilization rate increased with the addition of
resveratrol to broiler diets under heat stress.
There are also studies reporting that dietary
resveratrol supplementation (in the resveratrol
groups of 100 and 400 mg/kg) caused a reduction
in feed consumption, and claiming that this
effect may be due to the softness of resveratrol
(Dal-Pan et al., 2010).

Table 3. The effect of resveratrol supplementation on antioxidant and peroxidant enzyme concentration in liver, kidney,

muscle and serum tissues of rats.

GSH U/mL 39.26+9.38°
5 SOD U/mL 65.1743.23
J MDA nmol/mL 4.69+0.44
CAT UImL 0.04+0.01
GSH U/ImL 72.8144.80®
oy SOD U/mL 75.3842.23
® MDA nmol/mL 15.18+1.492
CAT UImL 0.05+0.01°
GSH U/mL 80.00+6.57
3 SOD U/mL 86.53+0.62°
3 MDA nmol/mL 11.23+0.87
CAT UImL 0.04+0.01°
GSH U/mL 49.45+£1.61
E SOD U/mL 86.27+1.69
3 MDA nmol/mL 3.10+0.28
CAT UImL 0.04+0.01

148.48+16.94° 340.48+17.94% 0.001
66.08+1.23 65.9742.45 0.960
6.33+0.89 4.92+0.76 0.280
0.07+0.02 0.05+0.01 0.330
82.78+5.592 55.72+2.22° 0.020
71.65+1.58 74.16£1.56 0.360
13.94+0.59? 5.44+0.33° 0.001
0.14+0.012 0.15+0.012 0.001
53.374+2.60 51.11+4.96 0.300
81.43+1.02° 80.15+1.98% 0.020
8.89+0.38 9.76+1.40 0.340
0.11£0.01° 0.51+0.072 0.001
46.67+3.01 60.94+5.56 0.110
89.16+0.22 89.38+0.20 0.070
3.85+0.48 4.20+0.30 0.100
0.03+0.01 0.06+0.01 0.310

GSH: Glutation peroxidase, SOD: Super oxide dis mutase. MDA: Malondialdehyde, CAT: Catalase, °: The difference

between values with different letters on the same line is significant.

Routine blood parameters are widely used to
study the effects of various factors on the body
(Chand et al., 2018). Serum glucose, triglyceride
and total protein parameters, which are generally

used for this purpose, reflect sugar, fat and
protein metabolism (Ghasemi and Nari, 2020;
Hu et al., 2021). Especially serum triglyceride
and cholesterol parameters are accepted as key
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factors of lipid metabolism balance (Helkin et
al., 2016). In a study conducted in quails, it was
stated that 100, 200 and 400 mg/kg of resveratrol
supplementation in the ration did not affect
glucose, triglyceride and total protein levels in
serum (Olmez et al., 2020). In another study, it
was stated that 400 mg/kg resveratrol added to
the broiler ration did not affect glycogen, lactate
and lactate dehydrogenase (LDH) values in
breast meat (Zhang et al., 2018). Again, in a
study conducted in sheep, it was reported that
450 and 900 mg/kg doses of curcumin added to
the diet did not affect serum glucose, triglyceride
and total cholesterol levels (Jiang et al., 2019).
The serum biochemical profile provides valuable
information about the health and immune status
of animals, and serum BUN, creatine and
creatine kinase levels are very important for
kidney function (Comba et al., 2016). Increased
blood urea level and creatinine may result from
increased protein catabolism and/or adequate
conversion of ammonia to urea (Badgujar et al.,
2015). In a study, it was suggested that increased
serum creatinine and urea levels as a result of
fipronil intoxication reflect the toxicity, as well
as seriously jeopardizing the kidney's capacity to
filter wastes from the blood, and this may be an
indicator of kidney damage (Mossa et al., 2015).
In the current study, the fact that resveratrol
added to water statistically lowers serum BUN,
creatinine, albumin, total protein and globulin
concentration may mean that it has no negative
effects on the kidneys.

There are many biochemical studies on the
use of resveratrol in animal trial studies (Poulsen
et al., 2013; Wilson et al., 1996). In a study
conducted in rats, it was reported that the
injection of resveratrol in two doses of 20 and 40
mg/kg for 21 days did not change the ratio of
cholesterol due to high-density lipoprotein
(HDL) or LDL (Juan et al., 2002). Ghanim et al.
(2010) reported in a study conducted on sick and
healthy people that resveratrol supplementation
of 40 mg for 6 weeks did not change the
cholesterol (total, LDL and HDL) and

triglycerides levels in the trial groups compared
to the control group. When hypercholesterolemic
rabbits were given resveratrol, no differences in
lipoprotein levels were found (Wilson et al.,
1996). Zhang et al. (2017) reported that the
addition of resveratrol to broiler rations affected
triglyceride and total protein concentrations and
decreased glucose concentration. He et al. (2019)
reported that resveratrol supplementation
reduced serum glucose and total protein
concentrations, while triglyceride concentrations
did not change. Unlike previous studies, the
current  study found that Resveratrol
supplementation reduces the level of total
cholesterol, but that it also reduces the level of
total protein similar to previous studies. The data
in the current study are supported by studies
which report that resveratrol also inhibits the
oxidation of LDL and prevents cardiovascular
diseases associated with endothelial damage
(Frankel et al., 1993; Nigdikar et al., 1998).

There are many studies which report that
resveratrol has antidiabetic effects (Bhatt et al.,
2012; Hausenblas et al., 2014). Poulsen et al.
(2013) reported that resveratrol supplementation
prevents diseases such as diabetes, cancer and
fatty liver, and also reduces insulin resistance
(Szkudelski and Szkudelska, 2015). Although it
was not statistically significant, the current study
determined that the concentration of glucose
decreased in direct proportion to the resveratrol
ratio. It was reported to facilitate glycemic index
control in diabetic animals given a diet with
Resveratrol, to decrease serum LDL and
triglyceride levels significantly, and to increase
high-density lipoprotein (HDL) levels. In the
same study, it was stated that animals given
resveratrol was improved tolerance to glucose,
but did not produce changes in liver and kKidney
function parameters (Raskovic et al., 2019).

In the evaluation of liver enzymes, Alema'n
et al. (1998) reported that the AST concentration
in rats given resveratrol was significantly higher
than in the control group, but that the alanine
aminotransferase (ALT) concentration did not
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change. Another study showed that resveratrol
(20 mg/kg daily for 4 weeks) inhibited
dimethylInitrosamine-induced elevation of serum
alanine transaminase, aspartate transaminase,
alkaline phosphatase, and bilirubin (Lee et al.,
2010). However, Upadhyay et al. (2008)
reported that serum ALT and AST
concentrations decreased significantly in a study
conducted on Swiss albino mice with 10 mg/kg
of resveratrol for 1-4 weeks. Likewise, the
current study observed that the serum AST
concentration decreased, in contrast to some
previous studies. It is believed that this effect
occurs similar to the positive effects of
resveratrol on triglycerides, cholesterol and
glycemic index.

The use of antioxidants in diet and skin care
products has increased its popularity in the last
few years. Intensive research has been conducted
on resveratrol in recent years. Resveratrol is
considered a very powerful antioxidant, which
makes it a unique product. Research has shown
that the polyphenols found in wines are some of
the most powerful antioxidants, several times
more powerful than vitamins A, C and E.
Idebenone, the ubiquinone analogue, is
considered the strongest topical antioxidant.
However, recent studies have shown that
resveratrol has about 17 times higher potency
than Idebenone (Baxter, 2008). It was reported
that the addition of Resveratrol to broiler rations
helps them increase their antioxidant activity,
and also contributes to the development of
protein and total antioxidant capacity in plasma
(Sridhar et al., 2015). Khan et al. (2013) and
Sahin et al. (2012) reported that resveratrol
increases the regulation of antioxidant enzymes
such as CAT, SOD and GSH-Px, reducing
oxidative stress and inflammation. There are
studies, which report that resveratrol can
increase the expression of various antioxidants,
but it reduces the enzyme level and MDA
content (Xia et al., 2017; Zhang et al., 2017).
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Sahin et al. (2010) reported that the serum MDA
level was not affected in oviparous quails after
the addition of resveratrol. In contrast to this
study, Liu et al. (2014) stated that the addition of
400 mg/kg of Resveratrol to chicklet rations
increased antioxidant capacity and reduced
MDA content. In the presented study observed
increases in GSH (liver), and CAT (muscle and
kidney) concentrations. In general, a slight
increase in serum MDA concentration, which is
a lipid peroxidation parameter, was observed. A
decrease was observed GSH and MDA
concentration in muscle tissue, while it did not
change SOD concentration in kidney tissues.

CONCLUSION

As a result, in this study, it was aimed to
determine the effects of resveratrol, which is
used in various ways, by adding it to drinking
water. There was no change in terms of live
weight and daily live weight gain parameters as
a result of resveratrol. In serum biochemistry
parameters, however, a significant decrease was
observed in urea, BUN, albumin, total protein,
globulin and albumin/globulin ratios. It is
thought that these decreases may occur due to the
fact that resveratrol is structurally condensed
with protein structures. There was also a
significant decrease in the liver enzyme AST. A
general increase in GSH levels among
antioxidant parameters in the liver was observed,
regardless of the dosage. Additionally, a very
slight decrease was observed in the muscle tissue
in SOD parameter. In general, a decrease was
observed in MDA concentrations in the kidney
tissue, a parameter of lipid peroxidation. It is
believed that the increase in antioxidant enzyme
levels and the decrease in MDA concentration
are due to the antioxidant aspect of resveratrol.
As a result, it was determined in the current
research that resveratrol has antioxidant effects
without depending on the usage patterns; and it
was concluded that this additive can be used for
various purposes.
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Idebenone protects against ethanol toxicity in HT-22 cells

through strengthening neuroimmune response

ABSTRACT

Idebenone, an analogue of coenzyme Q10, may function as a neuroprotective agent with
its antioxidant and anti-inflammatory properties. The current report was designed to
examine the beneficial effects of idebenone on ethanol-related neurotoxicity in
hippocampal neuronal HT-22 cells in vitro and annotate the neuroprotective mechanism
of idebenone. 75 mM ethanol was applied to the cells for 24h to develop ethanol
toxicity. Then, different concentrations of idebenone (final concentration in the well to
be 1, 2.5, and 5 pM) were applied to HT-22 cells for 24 h to explore the protective
impact against ethanol-induced hippocampal damage. Cell viability was evaluated with
MTT test. MDA, SOD, and GSH concentrations were examined to interpret oxidative
damage. Moreover, the effects of idebenone on IL-1p, IL-6, and IL-23 neuroimmune-
related genes expression levels were assigned by the RT-PCR analysis. In our study, 75
mM ethanol decreased neuronal cell viability by approximately 61%. All concentrations
of idebenone were not toxic to neurons. In addition, idebenone increased cell viability
by reducing the damage caused by alcohol. ldebenone reversed the reduction in
antioxidant capacity caused by ethanol through decreasing MDA and increasing SOD
and GSH levels. In addition, idebenone attenuated ethanol-induced impairment in
neuroimmune and neuroinflammatory responses by reducing IL-1p, IL-6, and IL-23
MRNA expression levels. Treatment with idebenone increased antioxidant capacity and
a significant improvement was achieved in neuroimmune and neuroinflammatory
parameters. Possible mechanisms underlying these beneficial effects cover the down-
regulation of IL-1p, IL-6, and IL-23 receptors, and antioxidant restoration of idebenone.

Keywords: Ethanol toxicity, HT-22, idebenone, neuroimmunity, oxidative damage

NTRODUCTION

Alcohol dependence, or alcoholism, is a chronic and severe
condition affecting 140 million individuals globally. In
accordance with the World Health Organization, 5.3% of all
global loss of life and 5.1% of the global burden of illness and
injury can be based on alcohol use disorder (AshaRani et al., 2022).

Growing evidence demonstrates that ethanol exposure can lead to
acute and long-term cognitive impairment including memory
dysfunction, resulting in considerable disability and cost to society
(Belhorma et al., 2021).

The hippocampus is one of the most-investigated brain regions which
contributes to cognitive functions as well as memory, and learning
(Meier et al., 2022). Substantial reports propose that one of the principal
regions of influence of alcohol toxicity is the hippocampus; indeed the
alcoholic population indicates neuronal forfeit and a decline of
hippocampal total volume as demonstrated by magnetic resonance
imaging (Meier et al., 2022; Mira et al., 2019).
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Idebenone strengthens the neuroimmune response

The underlying mechanisms of alcohol-
induced hippocampal impairment still remain
elusive. Thanks to liposoluble feature of alcohol,
it can easily cross the blood-brain barrier.
Acetaldehyde, a metabolized product of alcohol,
is highly toxic to nerve cells as it promotes
oxidative stress (Gorky and Schwaber, 2016;
Peana et al., 2017). Alcohol dependence, or
alcoholism, is a chronic and severe condition
affecting 140 million individuals globally. In
accordance with the World Health Organization,
5.3% of all global loss of life and 5.1% of the
global burden of illness and injury can be based
on alcohol use disorder (AshaRani et al., 2022).
Growing evidence demonstrates that ethanol
exposure can lead to acute and long-term
cognitive  impairment including memory
dysfunction, resulting in considerable disability
and cost to society (Belhorma et al., 2021).

The hippocampus is one of the most-
investigated brain regions which contributes to
cognitive functions as well as memory, and
learning (Meier et al., 2022). Substantial reports
propose that one of the principal regions of
influence of alcohol toxicity is the hippocampus;
indeed the alcoholic population indicates
neuronal forfeit and a decline of hippocampal
total volume as demonstrated by magnetic
resonance imaging (Meier et al., 2022; Mira et
al., 2019).

The underlying mechanisms of alcohol-
induced hippocampal impairment still remain
elusive. Thanks to liposoluble feature of alcohol,
it can easily cross the blood-brain barrier.
Acetaldehyde, a metabolized product of alcohol,
is highly toxic to nerve cells as it promotes
oxidative stress (Gorky and Schwaber, 2016;
Peana et al., 2017). Alcohol-mediated oxidative
stress includes various mechanisms such as lipid
peroxidation, impairment of antioxidants
inclusive of superoxide dismutase (SOD) and
glutathione (GSH) levels, and DNA strand
breaks (Tsermpini et al., 2022). In response to
oxidative damage, glial cells including
microglia, astrocytes, and also neurons intervene

with neuroimmune reactions via the synthesis of
neuroimmune factors, and pro-inflammatory
cytokines (Crews et al., 2015). The enhanced
Immune activation leads to feed-forward to
perpetuate inflammation (Erickson et al., 2019;
Kelley and Dantzer, 2011).

Interestingly, interleukin-1 beta (IL-1B), one
of the important proinflammatory cytokines,
implicates in pursuing of immune responses
through elevated expression from microglia and
contributing to the severity of alcohol-related
hippocampal neurodegeneration (Coleman et al.,
2018). Mainly, IL-1pB regulates the generation of
IL-6 which exerts a role in
immune/inflammatory responses in
immunomodulation (Szelényi, 2001). IL-6 in
combination with IL-23 promotes IL-17
production from memory CD4+ T cells (Nitsch
etal., 2021). IL-23, a proinflammatory cytokine,
release from astrocytes and infiltrating
macrophages and mediating the development of
neuroinflammation diseases (Lowe et al., 2018).
Alcoholism changes the neuroimmune system
and especially impacts the cytokines inclusive of
IL-18, IL-6, and IL-23 milieu of the brain
(Kelley et al., 2011; Lowe et al., 2018). In our
study, we wanted to focus on the usage of drugs
currently in clinical employ for novel
indications. Because the safety of these remedies
is already well known and this significantly
alleviates the risk of unexpected side impacts.

Idebenone, a synthetic analogue of coenzyme
Q10, is a considerable endogenous antioxidant
and a fundamental component of the ATP-
generating mitochondrial electron transport
chain and endogenous antioxidant (Suarez-
Rivero et al., 2021). Although idebenone
contains the identical quinone piece as CoQ,
idebenone  has  higher  solubility and
bioavailability than CoQ due to its shorter
hydrophobic tail (Gueven et al., 2015; Suarez-
Rivero et al., 2021). ldebenone crosses the
blood-brain  barrier easily and provides
neuroprotection in vitro and in vivo models of
neuronal harm, inclusive of oxidative stress
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(Jaber et al., 2020). Also, it could attenuate the
expression of the proinflammatory cytokine
through the overexpression of enzymes related to
ameliorating  lipid peroxidation such as
NAD(P)H dehydrogenase quinone 1/SOD
(Shastri et al., 2020).

In this context, in the current study, we aimed
to explore the protective effects of idebenone in
ethanol-induced hippocampal neuronal toxicity
in vitro model using mouse hippocampal
neuronal cell line HT-22, with a focal point on
the furthermore, on the relationship of idebenone
with  oxidative stress and neuroimmune
reactions.

MATERIALS AND METHODS
Ethanol toxicity and idebenone treatment

The mouse hippocampal neuronal HT-22 cells
were kindly provided by Asst. Prof. Caner
Gunaydin (Samsun University, Samsun). Cells
were seeded into 96-well plates at density of 5 x
10* cells/well and left to attach overnight. As a
stressor, 75 mM ethanol was added to the wells
for 30 min., and ethanol toxicity was created.
Then, different concentrations of idebenone (1,
2.5, and 5 uM) were applied to HT-22 cells and
left for 24 hours of incubation, and the effect of
the active ingredient against ethanol toxicity was
evaluated. After application, it was incubated for
24 hours (5% COz2, 95% humidity, and 37°C).

MTT tetrazolium assay concept

The MTT analysis was actualized with a
commercially obtainable kit (Sigma Aldrich,

Table 1. Primers used for real-time PCR analysis
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USA). Succinctly, 10 uL MTT solution was put
on each well and then incubated for 4 hours (5%
COo; 37°C). Then, the medium was suspended
and dimethylsulfoxide (DMSO; 100 pL) (Sigma
Aldrich, USA) was suffixed to each well for
dissolving formazan crystals. Cell viability (%)
was quantified by optical density (OD)
determined at 570 nm with the Multiskan ™ GO
Microplate Spectrophotometer (Thermo
Scientific, Canada, USA) (Okkay et al., 2021).

Oxidative stress parameters

Malondialdehyde (MDA), SOD, and GSH were
found with a commercial kit (Elabscience, USA)
with respect to producer directions as reported
before Okkay et al., 2021). OD was evaluated at
the 450 nm wavelength.

Measurement of relative gene expression for
real-time PCR analysis

Total RNA was collected from hippocampal
neuronal cells with TRIzol® reagent (Thermo
Scientific, USA). Total RNA was employed for
synthesizing cDNA using cDNA reverse
transcription kit (Thermo Scientific, USA). The
expression of IL-1B, IL-1a, and IL-23 mMRNA
was determined with Rotor-Gene Q (QIAGEN).
Tagq Man Gene Expression Master Mix kit was
employed for PCR amplification and
quantification. Findings were given as relative-
fold in comparison to the control. We normalized
IL-1B, IL-6, and IL-23 gene expressions to -
actin using the 2724°t method (Cicek et al.,
2023). Information about the primary sequences
of the genes is given in Table 1.

Genes

IL-1B TGGACCTTCCAGGATGAGGACA
IL-6 TACCACTTCACAAGTCGGAGGC
IL-23 CATGCTAGCCTGGAACGCACAT

GTTCATCTCGGAGCCTGTAGTG
CTGCAAGTGCATCATCGTTGTTC
ACTGGCTGTTGTCCTTGAGTCC
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Statistical analysis

Findings were calculated with IBM SPSS Statistics
(Version 22.0, IBM Co., Chicago, IL, USA)
software. All calculations were carried out by one-
way analysis of variance (ANOVA) with post hoc
Tukey’s test. p<0.05 was appraised as statistically
significant. Results were given as mean + SD.

RESULTS

Effect of idebenone on ethanol-induced
reduction of cell viability

As shown in Figure 1 cell viability was reduced by
approximately 61% in hippocampal neuronal cells
treated with 75 mM ethanol (p=0.0003). Our
results also revealed that idebenone (1-5 uM) did
not exhibit any toxic effect on the neurons and
protect cell viability (p>0.05). As shown in Figure
1, treatment with 1, 2.5, and 5 uM idebenone for
24h induced a significant increase in cell viability
by p=0.0013, p=0.0003 and p=0.0001,
respectively compared with ethanol group.

MTT (% cell viability)
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Figure 1. Cell viability in hippocampal HT-22 cell culture
exposed to IB (alone) or in combination with 75 mM
EtOH. 1, 2.5, and 5 pM concentrations of IB was added
30 min after to EtOH exposure and maintained in contact
with neurons during EtOH exposure for 24 h. Control
cultures were not exposed to EtOH. Data are expressed as
the means + SD. ““p<0.001 vs. control group, #p<0.05 vs.
EtOH group, #p<0.01 vs. EtOH group, *#p<0.001 vs.
EtOH group. C: Control; EtOH: Ethanol; IB: Idebenone.

Effect of idebenone on ethanol-induced
oxidative damage

As shown in Figure 2, the highest MDA level
was observed in the ethanol group (p<0.001).
Same time the increase of MDA level caused by
ethanol decreased in all concentrations of

idebenone treatment groups. The reduction in the
MDA levels in the 1, 2.5, and 5 uM idebenone
groups were statistically significant compared
ethanol group (p=0.0227, p=0.0047, and
p=0.0024; respectively). As shown in Figure 2,
the SOD and GSH levels was the lowest in
ethanol group (p<0.001). In addition, the
decrease in SOD and GSH levels caused by
ethanol increased as a result of the application of
all concentrations of idebenone.

Effect of idebenone on ethanol-induced
neuroimmune disorders

The mRNA expression of IL-1p (p=0.0002), IL-
6 (p<0.001) and IL-23 (p=0.0003) were
markedly up-regulated in the ethanol group
compared with the control group. Transcription
levels of IL-1B, IL-6 and IL-23 at all
concentrations of idebenone were significantly
decreased in neuronal culture compared with that
of ethanol control group (Figure 3).

DISCUSSION

Alcohol is the most legal addictive drug
worldwide and its excessive consumption is the
third leading cause of death in the world.
Excessive alcohol use is a health problem that
causes brain intoxication, dementia, and cognitive
disorders, and eventually to death as a result of
depressive effects on the central nervous system
(AshaRani et al.,2022; Belhorma et al., 2021,
Meier et al., 2022; Mira et al., 2019). In addition
to being a drug used for many congenital
abnormalities, we think that idebenone may be a
neuroprotective agent which can be improve
alcohol neurotoxicity. However, there are no
studies in the literature regarding the effectiveness
and mechanism of action of idebenone on alcohol
toxicity in hippocampal neuron culture. In this
study, the effects of idebenone on
neurodegeneration in the model of alcohol
toxicity induced in hippocampal neuronal cells
were investigated in vitro for the first time and
important preclinical data on the therapeutic
potential of idebenone in the treatment of alcohol
toxicity were brought to the literature.

ML



400+ 154

300+

MDA (ng/ml)
N
S
1

SOD (U/ml)

100

VetBio, 2023, 8(2), 121-128

GSH (ug/ml)

Figure 2. Effects of IB in combination with 75 mM EtOH on the oxidative stress parameters (MDA, SOD, and GSH) in
hippocampal HT-22 cell culture. 1, 2.5, and 5 uM concentrations of IB was added 30 min after to EtOH exposure and
maintained in contact with neurons during EtOH exposure for 24 h. Control cultures were not exposed to EtOH. Data are
expressed as the means + SD. “"p<0.001 vs. control group, #p< 0.05 vs. EtOH group, #p<0.01 vs. EtOH group, *#p<0.001
vs. EtOH group. C: Control; EtOH: Ethanol; IB: Idebenone; MDA: Malondialdehyde; SOD: Superoxide dismutase; GSH:

Glutathione.
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Figure 3. Effects of IB in combination with 75 mM EtOH on the neuroimmune markers (IL-1p, IL-6 and IL-23) in
hippocampal HT-22 cell culture. 1, 2.5, and 5 uM concentrations of IB was added 30 min after to EtOH exposure and
maintained in contact with neurons during EtOH exposure for 24 h. Control cultures were not exposed to EtOH. Data are
expressed as the means + SD. ***p<0.001 vs. control group, #p<0.05 vs. EtOH group, ##p<0.01 vs. EtOH group,
###p<0.001 vs. EtOH group. C: Control; EtOH: Ethanol; IB: Idebenone; IL-1B: Interleukin 1 beta; IL-6: Interleukin 6;

IL-23: Interleukin 23.

The toxic effects of alcohol on neurons have
been demonstrated in different preclinical
models, including in vitro hippocampal, cortex
cultures, etc. (Bailey et al., 2022; Bhowmick et
al., 2022). Wang et al. demonstrated that
hippocampal neuron injury was simulated by
200 mM ethanol in vitro and reduced cell viability
by up to 70% (Wang et al., 2017). In our study, a
cell model of alcohol toxicity model was first
established using 75 mM ethanol, which reduced
cell viability approximately 61%. Alcohol
concentrations applied to hippocampal neuron
cultures vary in the literature (Bailey et al., 2022;
Bhowmick et al., 2022; Wang et al., 2017).
However, we Dbrought forward that these

contradictions may be related to differences in
cultural conditions including the continuum of
cultures and the medium. Our finding
demonstrated that 75 mM dose of alcohol
exposure in vitro compromises the survival of
cultured hippocampal neurons. Treatment with
idebenone markedly protected in a in the HT-22
hippocampal neuron culture against ethanol-
induced neurotoxicity and increased the cell
viability. Muscolia et al. (2002) reported that
liposomally  entrapped idebenone reduced
ethanol-induced injury of astrocytes by increasing
of cellular viability. On the other hand, alcohol-
related reduction of neuron viability was
associated with a significant augmentation of
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oxidative processes in cell cultures. Quintanilla et
al. (2020) demonstrated that ethanol exposure in
hippocampal neuron culture lead to enhancement
of intracellular reactive oxygen species. Also,
another study clearly demonstrated an increase in
ethanol-induced ROS production and a decrease
in GSH level and SOD and CAT activity involved
in antioxidant defence (Song et al., 2015). In this
report, we found that ethanol remarkably elevated
MDA level and decreased SOD and GSH levels
in HT-22 neuronal cells. Our results are in line
with previous data demonstrating that treatment
with ethanol produces oxidative stress and
decreased efficiency of the cellular antioxidant
mechanisms. Therefore, idebenone reversed
neuronal damage in the ethanol-induced model by
decreasing hippocampal neuronal oxidative
stress. It is probably  neuroprotective
characteristics of idebenone by virtue of its
antioxidant activity because it has been declared
that  antioxidants including  a-tocopherol
prevented the neurotoxicity (Lee et al., 2022).

It is renowned that oxidative stress can induce
neuroimmune response and neuroinflammation
(Dukay et al., 2021; Simpson and Oliver, 2020).
Several studies have reported increases in the
expression of genes encoding components of the
IL-1B signaling pathways in neuron with a
genetic predisposition to alcohol consumption
(Patel et al., 2019; Varodayan et al., 2023).
Alfonso-Loeches et al. (2016) findings show that
ethanol  triggers NLRP3 inflammasome
activation in microglial cells and cultured
microglia to cause the release of IL-1B which
could amplify alcohol-induced
neuroinflammation. Interestingly, the impaired
neuroimmune response by chronic ethanol
exposure is also associated with an elevation of
IL-6 levels (Gano et al., 2017). It was also
demonstrated that elevation of IL-6 in the
hippocampus after ethanol intoxication is
associated with the neuroimmune effects of
ethanol (Gano et al., 2019). Our finding
indicating that ethanol stimulated IL-6
expression in hippocampal cultures, is directly in

line with this report. IL-23, a messenger of the
immune system, is primarily secreted by
microglia and infiltrating macrophages under
inflammatory conditions (Nitsch et al., 2021).
Also Lowe et al. (2018) demonstrated that
alcohol treatment significantly increased the
expression of IL-6 and IL-23 pro-inflammatory
cytokine in the brain which was in line with our
results. The data we obtained are consistent with
the effects of ethanol: influences the
neuroimmune system, specifically eliciting an
increase in IL-1, IL-6 and 1L-23
proinflammatory cytokines. However,
idebenone reversed the increased IL-1p3, IL-6
and IL-23 induced by ethanol. These results
indicate that restoration of neuroimmune
response is a probable neuroprotective action of
idebenone following ethanol exposure. The
study of the effects of IL-1p, IL-6 and IL-23 on
neuroimmune and neuroinflammation on the
ethanol toxicity of idebenone for the first time in
our study constitutes the specificity of our study.

CONCLUSION

Our results indicated that exposure of
hippocampal rat neuron culture to ethanol caused
functional changes which are related to oxidative
stress, neuroimmune response and
neuroinflammation. These results are also
confirmed by the evidence that the protective
effects of idebenone on ethanol-induced toxicity
might be associated with antioxidative and anti-
inflammatory effects as well as the modulation
of neuroimmune response via IL-1B, IL-6 and
IL-23 signaling pathway. This may demonstrate
a new and potentially useful approach to
idebenone in the treatment of ethanol-induced
neurodegenerative disorders.
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MS-222, propofol ve karanfil yagimin Daphnia
magna’larda anestezik etkisinin kalp atim oranlarina
gore degerlendirilmesi

Evaluation of the anesthetic effect of MS-222, propofol and
clove oil in Daphnia magna according to heart rate

OZET

Giliniimiizde Avrupa Birligi (EU), Amerikan Test ve Malzeme Kurumu (ASTM),
Uluslararas1 Standardizasyon Teskilati (ISO), Ekonomik Kalkinma ve Is birligi
Orgiitii (OECD) gibi pek ¢ok kurulus; bazi kimyasal maddelerin, ilaglarin gerek
gevreye gerekse canlilara olan etkilerini invivo kosullarda aragtirilmasi amaciyla
Daphnia magna ad1 verilen sucul omurgasiz canlidan yararlanilmaktadir. Su {irinleri
yetistiriciliginde karanfil yagi, MS 222 ve propofol yaygin bir sekilde kullanilan
anestezik maddelerdendir. Ancak bu anestezik maddelerin tatli su ortaminda bulunan
kabuklu canlilar i¢in etkileri hakkinda ¢ok fazla bilgi yoktur. Yapilan bu ¢aligmada,
anestezik etkisi olan, MS-222, propofol ve karanfil yagimn su piresi olarak bilinen
Daphnia magna’larda kisa siiredeki kalp atim sayisinda olusturdugu farklar ve hayatta
kalma etkisi arastinlmistir. Anestezik maddeler 0.1-0.01-0.001 ml/L olarak
uygulanmis ve ¢aligmanin 1., 3., ve 5. saatlerinde su pirelerinin kalp atim sayilar1 ve
6lim oranlann degerlendirilmistir. Deneme siiresince elde edilen verilere gore
kullanilan ii¢ farkli anestezik maddenin kalp atim sayilar1 ve 6liim oranlar iizerindeki
etkileri bakimindan anlamli bir fark oldugu goriilmiistiir (p<0.05). Calismanin sonucu
olarak diisiik oranlarda bile bu ii¢ farkli anestezik maddenin tatli su ortamlarinda
bulunan omurgasiz canlilar i¢in toksik bir etki yaratabilecegi ve ekolojik dengeyi
etkileyebilecegi goriillmiistiir.

Anahtar Kelimeler: Anesteziyoloji, karanfil yagi, MS 222, propofol, su piresi,
toksikoloji

ABSTRACT

Today, many organizations such as the European Union (EU), American Testing and
Materials Agency (ASTM), International Organization for Standardization (1SO),
Economic Development and Cooperation Organization (OECD); An aquatic
invertebrate called Daphnia magna is used to investigate the effects of certain
chemicals and drugs on both the environment and living things in vivo. Clove oil, MS
222 and propofol are commonly used anesthetics in aquaculture. However, there is
not much information about the effects of these anesthetic agents for crustaceans in
the freshwater environment. In this study, the effects of MS-222, propofol, and clove
oil, which have anesthetic effects, in the short-term heart rate and survival effect of
Daphnia magna, known as the water flea, were investigated. Anesthetic agents were
administered as 0.1-0.01-0.001 ml/L, and heart rate and death rates of water fleas were
evaluated at the 1st, 3rd, and 5th hours of the study. According to the data obtained
during the trial, there was a significant difference in the effects of three different
anesthetic agents on heart rate and death rates (p<0.05). As a result of the study, it has
been seen that these three different anesthetic substances can create a toxic effect for
invertebrates in freshwater environments and affect the ecological balance, even at
low rates.

Keywords: Anesthesiology, clove oil, daphnia, MS 222, propofol, toxicology
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MS-222, propofol ve karanfil yaginin Daphnia magna’larda kalp atimina etkisi

IRIS
Phyllopoda sinifindan planktonik

bir organizma olan Daphnia
magna,; antibiyotikler,
antidepresanlar,  antiinflamatuar
ilaglar,  beta-blokerler, lipid

diizenleyiciler ve gibi birgok ilacin toksikolojik
etkilerini belirlemek i¢in kullanilmaktadir (Ebert,
2005; Tkaczyk vd., 2021). Daphnia magna;
Avrupa Birligi, OECD, ASTM ve ISO gibi 6nemli
organizasyonlar tarafindan da siklikla toksisite
testleri i¢in tercih edilen organizmalardir (Ferraz,
2021).

Cesitli ilag galigmalarinda kullanilan Daphnia
magna tatlisu kaynaklarinda yasar ve “su piresi”
olarak da bilinmektedir. Olduk¢a kiigliktiirler ve
0.2-0.3 mm arasinda degisen ebatlara sahiptir. Bu
canlilar, akvaryum baliklarinin beslenmesinde
tercih edilmektedirler. Ayrica giibreli toprak
havuzlarda 6zel olarak yetistirilen mersin baligi,

sazan baliginin da baglica yemini olusturmaktadir
(Bat vd., 2008).

Son  yillarda, modern su  {riinleri
yetistiriciliginde anti-stres amagh olarak baliklarin
yakalanmasi, tasinmasi, suni iiremesi, ameliyat
prosediirlerine yardimci olmak i¢in farkli tiirde
anestezikler kullanilmaktadir (Roubach vd., 2005).
Anestezikler,
baligin solungaclardan emilen ve atardamarlara
giren anestezik bir soliisyona eklenmesi ile
meydana gelir. Anestezikler ve metabolitler
baligin tath suya geri birakilmasi ile solungaglar
yardimiyla viicuttan atilmasi sayesinde, bu

anestezik etki ortadan kalkar (Ross ve Ross, 1999).

merkezi sinir sistemi {izerinde,

Birkag
dezavantajlar1 ile baliklarin anestezisinde etkili
oldugunu kamtlamistir (Velisek vd., 20006).
Simdiye kadar, ABD ve Birlesik Krallik'ta yemlik
baliklarda kullanilmak iizere yalmzca MS-222
(trikain metansiilfonat) tescil edilmistir (Coyle vd.,
2004).

anestezik madde, avantaj ve

Sedatif ve anestezik etkili olan Propofol (2,6
diizopropil fenol), ultra kisa etkili bir sedatif
ajandir (Kay ve Stephenson 1980). Propofoliin,
yesil iguanalar (Knotkova wvd., 2005) gibi
stiriingenlerde ve Acipencer oxyrinchus De soti
(Fleming vd., 2003) gibi bazi balik tiirlerinde ve
benekli bambu kopekbaliklarinda (Chiloscyllium
plagiosum) anestezi olusturmak igin kullanildigi
bildirilmistir (Miller vd., 2005). Trikain metan-

stilfonat (MS-222), 1967'de piyasaya
strilmesinden bu yana diinya c¢apinda
poikilotermler icinde en yaygm kullanilan

anestezik ajanlardan biri olmustur. Baslangigta
kokaine vyerel bir analjezik alternatifi olarak
iiretilmistir ve bu sekilde insanlarda kullanilmustir.
MS-222, suda yasayan hayvanlar igin de bir
anestetik madde olarak kullanilabilecegi kisa
stirede anlasilmustir. MS-222, kristalimsi beyaz bir
toz halindedir. Tathh suda ve deniz suyunda
kolaylikla ¢6ziiniir (Brown, 1993; Coyle vd., 2004;
Daniel, 2009; EMEA, 1999; Maricchiolo ve
Genovese, 2011; Treves-Brown, 2000; Ortuno vd.,
2002).

Eugenia caryophylatta bitkisinin gévde, yaprak
ve tomurcuklarindan damitma yoluyla elde edilen
karanfil yaginin etken maddesi yaklasik %85-95
eugenol (4-ally- methoxyphenol CioH1205), %5-
15 isoeugenol ve methyleugenol’dur (FDA, 2002;
Kanyilmaz vd., 2007). Eugenol’iin prostaglandin
H sentezini bloke etmesi, ileti engelleyici
ndrotransmitter GABA’ya  (gama
aminobiitirik asit) agonist ve iletimde rol oynayan
glutamat’a (N-metil-D- aspartat) antogonist etkisi
ile, merkezi sinir sistemininde uyarilarin kesintiye
girmesi ile karanfil yagimin anestezik etkisi
meydana gelir (Yang vd., 2003; Pongprayon vd.,
1991).

olan

Yapilan bu caligmada, anestezik etkisi olan,
MS-222, propofol ve karanfil yaginin su piresi
olarak bilinen Daphnia magna’larda kisa siiredeki
kalp atim sayisinda olusturdugu farklar ve hayatta
kalma etkisi arastirilmustir.
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MATERYAL VE METHOD

Bu calismada sucul omurgasiz su piresi olarak
bilinen Daphnia magna kullanilmistir. D. magna
2020 yilindan beri su iiriinleri laboratuvarimizda
kiiltiire alinan ve tretimi yapilan canli olup, su
kosullar1 olarak ortalama 24°C su sicakligi ve 16
saat aydinlik, 8 saat karanlik 151k periyodunda
tutulmaktadirlar.

Deneysel organizmalar ve kimyasallar

Calisma igin segilen canlilar ana kiltir
tanklarindan alinip 40x40x20 cm biiyiikligiinde
plastik malzemeden yapilmis tanka yerlestirilerek
3 giin boyunca Chlorella sorokiniana mikroalgi
ile giinde iki defa beslemeleri yapilmistir. Calisma
da su driinleri sektériinde kullanilan ti¢ farkli
anestezik madde MS 222 (Finquel, Argent
Laboratuvari), Propofol (BBraun, Almanya) ve
Karanfil yagi denenmis ve bunlarin D. Magna’lar
icin olumsuz etkileri saptanmaya calisilmistir. Bu
anestezik maddeler ii¢ farkli doz uygulanmis (0,1-
0.01-0.001 ml/L) ve bunlarin D. magna iizerindeki
kisa siireli etkileri degerlendirilmek igin 1-3-5 saat
araliklarindaki kalp atim sayilar1 6l¢tilmiistiir.

Her bir 20*10*20 cm biiyiikliglindeki plastik
kaplara 1litre su konulmustur. Su sicakligi
ortalama 24 + 1°C tutulmustur. Kullanilan
anestezik iriinlerin suya herhangi bir pH
degisikligi olusturmamis ortalama 8.7 pH elde
edilmigtir. Kullanillan karanfil yagi yerel bir
aktardan alinarak 1:9 oraninda %99.8 lik etanol ile
seyreltilerek  kullamlmistir.  MS 222 dozu,
Western Chemical, Inc.’nin Pet ve Tropikal su
canlilarina  gore
hesaplanmustir. Su pireleri canli mikroalg kiiltiirti
Chlorella sorokiniana ile beslenmesi yapilmistr.

kullanimi  esas alinarak

Deneysel kurulum

Uygulanan c¢alisma diizeneginde 20*10*20 cm
biyiikliiginde plastik malzemeden yapilmis
kutular kullanilmistir. Calisma 3 farkli anestezik
madde kullanilarak, 3 tekerriir olarak dizayn
edilmistir. Her bir grup da 24 adet canli olup
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toplam 72 adet Daphnia magna kullanilmistir. Her
bir aneztezik madde i¢in 0.1-0.01 ve 0.001 ml/L
olarak dozlar uygulanmis olup her bir anestezik
madde i¢in canlilarin boy ve en olgimleri
mikroskop yardimiyla okiiler metre ile yapilmustir.
Ayrica uygulanan dozlarin canli  {izerinde
etkilerinin belirlenmesi amaciyla dakikadaki kalp
atim sayilart belirlenmistir.

Kalp atim orani

Bu uygulama icin baslangicta 1. saatte, 3. saatte ve
5. saatteki kalp atim sayilan SOIF marka
mikroskop yardimiyla Sony marka fotograf
makinasi ile 6 sn siire ile gortintii kayd: alinmis ve

goriintiler ~ Windows Media Player ile

yavaglatilarak kalp atim sayilar1 belirlenmistir
(Sekil 1).

Sekil 1. Daphnia magna mikroskop goriintiisii.
Kirmizi1 dairede kalbi goriilmekte.

Istatistik analizler

Verilerin istatistik analizinde IBM SPSS Statistics
25.0 paket programi kullanilmis olup, bagimsiz
gruplarin karsilastirmasinda Tek yonli ANOVA
testi ve gruplar arasmndaki farkliigm tespiti
amaciyla karsilastirmalar Scheffe testi ile
yaptlmistir ~ (p<<0.05).  Tekrarl1  dl¢iimlerin
analizinde Genel Lineer Model tizerinden Tekrarli
Olgiimler igin ANOVA testi yapilmustir (p<0.05).
Uygulanan  farkli  anestezik =~ maddelerin
olusturdugu 6lim oranlart 6lgtim igin belirlenen
saatlerde ortamdan wuzaklastirilmistir. Hayatta
kalma oranlar1 “Microsoft excel” programi ile
tablo olusturularak belirtilmistir.
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MS-222, propofol ve karanfil yaginin Daphnia magna’larda kalp atimina etkisi

BULGULAR

Tablo 1°e gore, 0.1 ml/L dozda 1. saatte karanfil
yag1 grubunda kalp atim orani, MS-222 ve
propofol gruplari ile kiyaslandiginda yaklasik iki
kat fazla oldugu goriildii. Ayn1 dozda 5. saatte
karanfil yaginin etkisinin 3. saate gore yaklasik 2.5
kat fazla oldugu dikkat ¢ekmistir. Ancak Propofol
ve MS-222 gruplarinda 5. saatteki etkisinin

giderek arttigi, kalp atim oranlarindaki azalis ile
anlagilmistir.  Calismamizda 0.01 ml/L dozda
denenen anestezik maddelerde, en biiylik degisim
5. saatte Propofol grubunda goriilmiistiir. Propofol,
diger anestezik maddelere gore kalp atim oraninda
bariz diisiis meydana getirmistir. Karanfil yagi
grubunda ise caligmanin 0. saati ile 5. saati
arasindaki fark giderek azalmistir.

Tablo 1. Daphnia magna tizerinde farkli dozlarda uygulanan bitkisel ve kimyasal kokenli anestezik maddelerin kalp ritmi

iizerindeki etkilerinin karsilastirilmast

Kalp Atim
Olgiim

Karanfil Yag

Anestezik Madde

Propofol

Saatleri

x+ SEM

n

X+ SEM

0.979

0. saat 24 321.2942.64* 24 321.67+2.60° 24  322.08+2.82%
1. saat 24 46.46+1.96* 18 20.56+1.89° 18 26.67+2.29° <0.001
o 3. saat 20 25.50+1.852 13 13.85+1.40° 15 19.13+1.19°  <0.001
5. saat 18 67.22+3.112 9 10.00:£0.00° 13 15.38+1.44° <0.001
0. saat 24 325.83+3.188 24 321.67+3.50*° 24  317.08+3.162  0.176
1. saat 24 161.67+3.172 21 53.57+2.27° 22 44.55+2.25P <0.001
001 3. saat 24 196.25£2.99° 19 41.05+2.75 20 24.50+1.70°  <0.001
5. saat 24 2452145238 17 30.88+1.73° 19 24.2141.92 <0.001
0. saat 24 321.67+2.23* 24 322.08+2.82* 24  320.83+3.51*  0.953
0.001 1. saat 24 266.25+4.928 24 113.75£2.61° 24 135.00+2.49°  <0.001
3. saat 24 302.92+2.52% 24 99.1742.33° 24 122.92+2.04°  <0.001
5. saat 24 326.25+2.68% 24 91.25+1.93° 24 110.83£2.09°  <0.001

&¢: Aym satirda farkli harflerle kodlanan degerler arasindaki fark istatistik olarak anlamlidir.

Tablo 2. Tekrarh 6l¢iimlerde ¢oklu karsilastirma sonuglari

Anestezik Madde Ortalama

Fark icin

%395 giiven aralig®

i j Fark (i-]) Alt smir Ust sinir
Karanfil Yag MS-222 | 97.205 | 1.321 | <0.001 94.008 100.403
Propofol 93.776 1.155 <0.001 90.982 96.571
MS-222 Karanfil Yag1 97.205 1.321 <0.001 -100.403 -94.008
Propofol -3.429 1.373 0.041 -6.751 -0.107
2 Ortalama fark 0.05 diizeyinde anlamlidir. *: Coklu karsilastirmalar i¢in Bonferroni diizeltmesi
Calismamizda 0.001 ml/L dozda ise Propofol  anestezik maddelerin  kalp atim  sayilari

grubunda digerlerine goére daha etkili oldugu
anlagilmistir. Karanfil yag1 grubunda ise
neredeyse Onemli bir degisiklik olusmamistir.
Tekrarlt 6l¢lim sonuglarina goére (Tablo 2) tim
deneme siiresi dikkate alindiginda kullanilan

tizerindeki etkileri bakimindan gruplar arasinda
anlaml farklilik olusmustur (p<0.05). Karanfil
yag1 ile MS-222 ve Propofol arasinda olusan fark,
MS-222 ile Propofol arasindakinden daha
fazladir.
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Tablo 3. Daphnia magna farkli dozlarda uygulanan karanfil yagi, MS-222 ve propofoliin kalp ritmi degiskenligi

uzerindeki temel etkiler

p value "

Etki KO sd F

Anestezik Madde 167496.28 2 4327.32 <0.001 0.982
Doz 144751.30 2 3739.70 <0.001 0.979
Anestezik Madde x Doz 22647.513 4 585.11 <0.001 0.936
Hata 38.71 160 - - -

p: Tekrarli 6l¢iimlerde ANOVA; p<0.05

Kalp atim iizerinde anestezik madde, doz ve
bunlarin  etkilesimlerinin (Tablo 3) temel
etkilerinin istatistik anlamda 6nemli oldugu tespit
edilmigtir  (p<0.05). Bagimlhi degiskendeki
varyansin ne kadarmin belirli bir bagimsiz

degiskenle agiklandigini gdsteren deger olan eta
kare (n?) degerlerinin yiiksek ¢ikmasi da dikkat
¢ekicidir. Zaman, anestezik madde, doz ve
bunlarin etkilesimleri (Tablo 4) istatistik olarak
anlamli bulunmustur (p<0.05).

Tablo 4. Daphnia magna farkli dozlarda uygulanan karanfil yagi, MS-222 ve propofoliin kalp ritmi degiskenligi tizerinde
etkisi olan faktorler arasindaki etkilesimler

Mauchly’s Test of
Sphericit
Zaman 1756455.69 3 942758 <0.001 0.983
Zaman x Anestezik Madde 864432.66 6 463.92  <0.001 0.853
Zaman x Doz 65057.68 6 349.19 <0.001 0.814 0.180
ZamanxDozxAnestezik Madde 11979.29 12 64.30 <0.001 0.616
Hata 186.31 480 - - -

p: Tekrarli 6lgiimlerde ANOVA; p<0.05

Daphnia magna’da gozlenen kalp atim
sayilarindaki zaman gore seyir profili farkl
dozlarda degiskenlik gostermistir (Sekil 2, 3, 4).
Yiiksek dozda anestezik madde etkilerinin
benzer oldugu gozlenirken, diisiik doza inildikce
Karanfil yaginin belirgin sekilde MS-222 ve
Propofol’den farklilastig: tespit edilmistir.

Doz=01¢g

400 Anestezik
madde

== Karanfil Yag
—MS-222
= Propofol

200

0

1 2 3 4

Sekil 2. Zamana bagli kalp atim sayilar

Arastirmada Olim oram1 en fazla MS-222
grubunda en az ise Karanfil yagi grubunda
gozlenmistir (Sekil 5). Uygulanan farkli anestezik
maddelerin olusturdugu 6liim oranlar1 6l¢lim i¢in
belirlenen saatlerde ortamdan uzaklastirilmistir.
Oliim oranlar1 bakimindan gruplar arasinda MS-
222 grubunda en fazla, Karanfil yagi grubunda ise
en az kayip gozlenmistir.

Doz=001¢g
100 Anestezik
madde

— Karaniil Yai
—_—S-222
—— Propofol
300

200

1 2 3 4

Sekil 3. Zamana bagl kalp atim say1lart




MS-222, propofol ve karanfil yaginin Daphnia magna’larda kalp atimina etkisi

Doz =0,001
350 Anestezik
madde
— Karanfil Yagi
—M5-222

300 = Prapofol

200

1 2 3 4

Sekil 4. Zamana bagli kalp atim sayilar
TARTISMA

Daphnia’nin seffaf olan kabugu sayesinde basit

belirlenebilmektedir (Tkaczyk vd., 2021).
Anestezik maddeler uygulanan dozlar bazinda
ve her Ol¢iim donemi ayri olarak ele alinarak
karsilastirildiginda  (Tablo 1), arastirma
baslangicinda benzer olan kalp atim sayilarinin
0,1 ve 0,01 ml/L dozunda karanfil yaginin MS-
222 ve Propofol’den farklilastigi; 0,001 ml/L
dozunda ise tim gruplarin farkli etkilerinin
oldugu gozlenmistir. Ozellikle karanfil yaginin
zamana bagli olarak etkisinin azalmasinin yagda
coziilerek aktif hale getirilmis olmasi, arastirma
siiresi i¢cinde suyun degistirilmemis olmasi,

oksijen verilmemesi ve ucucu olmasindan

bir 15tk mikroskobu ile kalbi  rahat o :
goriinebilmekte  ve  kalp  atm  sayisi kaynaklandig1 diistiniilmektedir.
KARANFIL YASI M8222 PROPOFOL
m0. ml =l =V, mO0. ml = =V. m0. ml =l =V,
° S¥I¥ 33NR 3 Nq 333 S Ng JIIN
" " " |am |Iﬂ= " |=ﬂm || m "
0,1G 001G 0,001 G 0,16 001G 0,001G 0,1G 001G 0,001G

Sekil 5. Hayatta kalma oranlar

Tekrarli Ol¢timler dikkate almarak yapilan
analizlerde (Tablo 2, 3, 4), zamanin, uygulanan
dozun ve uygulanan anestezik maddenin kalp atim1
lizerinde ayr1 ayr1 ve interaksiyonlar1 ile etkili
olduklarini gostermistir. Yani her bir anestezik
maddenin digerinden ayr etkisi oldugu, uygulanan
dozlara gore farkli sonuglarin gézlendigi ve siireye
bagli olarak anestezi etkisinde farkliliklar olustugu
tespit edilmistir. Ozellikle yiiksek dozda etkinin
daha fazla olmasi nedeniyle MS-222 ve Propofol
gruplarinda kalp atiminda dogrusal bir azalig
ortaya ¢cikmasi beklenen bir sonug olmakla beraber
karanfil yaginin uzun stireli etki gostermesi igin
suyun belli araliklarla yenilenmesi gerektigi
sOylenebilir.

Bownik (2015)’e gore balik anestezisinde
kullanilan karanfil yaginin daha diisiik dozlar
Daphnia magna igin kalp atim sayilarinda
diisiise neden olabilmektedir.

Oliim oranlar1 bakimmdan gruplar arasinda
MS-222 grubunda en fazla, Karanfil yagi

grubunda ise en az kayip gozlenmistir. Félix vd.
(2018) ifade ettigi tlizere zebra baliklar
embriyolarinda yapilan c¢alismada MS 222
anestezik maddenin 20 dakikalik kisa siireli
etkisinde embriyolarin mortalite oraninda artis
oldugunu vurgulamistir. Ayn1 sekilde Jiang vd.
(2023)’ne gore yaptiklart ¢alismada intravendz
anesteziklerden propofoliin
organizma olan zebra baliklarinda potansiyel bir
olusturdugu goriilmiistiir. Doz
alindiginda 0.001 ml/L dozunda higbir grupta
oliim gozlenmemis, 0.01 ml/L dozunda MS-222
ve Propofol gruplarinda benzer sayida O6lim
gozlenirken, Karanfil yagi grubunda hi¢ 6lim
goriilmemistir. 0.1 ml/L grubunda ise tim
gruplarda 6liim gozlenmistir.

olan sucul

risk esas

SONUC

Calismada kullanilan karanfil yagi, etanol ile 1:9
oraninda seyreltilerek kullanilmistir. Etanol,
ucucu bir etkiye sahiptir. Calismanin 1-3 ve 5.
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saatlerindeki etkisi etanoliin buharlagsmasi ve
suyun degistirilmemesi, oksijen kapasitesinin
arttirllmamasi  ile  karanfil canli
iizerindeki anestezik etkisinin azalmasina sebep
oldugu disiniilmiistir. MS-222 ise denekler
iizerinde giiclii bir anestezik Ozellige sahip
olmustur. Propofol, diger maddelere kiyasla orta
seviyede etki  gosterdigi  belirlenmistir.
Boylelikle sucul organizmalar igin MS-222 ve
propofoliin  kullanim1  potansiyel bir risk
olusturabilecegi, karanfil yaginin ise gosterdigi

yaginin

etkinin diger kimyasal anesteziklere gore daha az
oldugu goriilmiistiir.
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Igdir yoresindeki koyunlarda Schmallenberg virus
enfeksiyonunun belirlenmesi

Detection of Schmallenberg virus infection in sheep in the Igdir
region

OZET

Bu caligmada, Igdir ilinde yetistirilen Morkaraman 1rki, atik yapmis ve Brucella spp.
yoniinden negatif koyunlarda, Schmallenberg virus (~SBV) enfeksiyonu yayginliginin
ortaya konulmasi amaglanmistir. Bu amagla; Igdir ilinde yetistirilen Morkaraman 1rki,
abort yapmis 2-6 yas arasindaki toplam 180 adet koyundan alinan kan 6rnegi ELISA
yontemi ile degerlendirildi. Yapilan c¢alismada; incelenen 180 koyunun 7 (%3.88)’si
SBV siipheli ve 8 (%4.4)’i ise SBV seropozitif olarak tespit edildi. Sonug olarak; Igdir
yoresinde ilk veri olma &zelligi tagiyan ¢aligmamizin ayrica Tirkiye ortalamasina gore
daha yiiksek olmasi da dikkat gekicidir. Ulkemizde SBV enfeksiyonunun yayginliginin
ortaya konabilmesi i¢in daha fazla materyal ile yiiriitiilecek epidemiyolojik ¢alismalarin
gerekli oldugu ve SBV enfeksiyonunun tiim risk faktorleri ile birlikte bu ¢alismalarin,
hastaligin yayilmasi, bolgesel/iilkesel endemilerin GOnlenmesi, yavru kayiplar ile
seyreden bu hastaliktan olusabilecek ekonomik zararlarla miicadele de yiiksek dnem
arz etmektedir.

Anahtar Kelimeler: Igdir, koyun, Schmallenberg virus

ABSTRACT

In this study, it was aimed to determine the prevalence of Schmallenberg virus (SBV)
infection in Morkaraman breed, aborted and negative for Brucella spp. sheep reared in
Igdir province. For this purpose, blood samples taken from a total of 180 aborted
Morkaraman breed sheep between 2-6 years of age were analyzed by ELISA method.
In the study, 7 (3.88%) of 180 sheep were found to be SBV suspected and 8 (4.4%)
were found to be SBV seropositive. In conclusion, it is noteworthy that our study,
which is the first data in Igdir region, is also higher than the average of Turkey. In
order to determine the prevalence of SBV infection in our country, epidemiological
studies to be carried out with more material are necessary and these studies, together
with all risk factors of SBV infection, are of high importance in the spread of the
disease, prevention of regional/national endemics, and combating economic damages
that may arise from this disease, which is characterized by offspring losses.

Keywords: Igdir, sheep, Schmallenberg virus
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Koyunlarda Schinallenberg virus enfeksiyonu

IRIS
Schmallenberg virus (SBV)
enfeksiyonu, cogunlukla

Culicoides tiirii sokucu ve kan

emici  sinekler ile tasinan

enfeksiyoz bir hastaliktir
(Conraths vd., 2013; Pawaiya ve Gupta, 2013;
Yanase vd., 2013; Wernike vd., 2014). Adin
Almanya’nin  “Schmallenberg” kasabasindan
alan SBV enfeksiyonu; koyun ve kegilerde
genellikle asemptomatik seyretmesine ragmen
sigirlarda ates, istahsizlik, kondisyon kaybi, atik
ve arthrogryposis hydranencephaly sendromlu
yavru dogumlariyla karakterizedir. Koyunlarda
SBV enfeksiyonunda, kongenital
malformasyonlara bagli 6l dogumlar ve
abortlar gorilmektedir (Ducomble vd., 2012;
Pawaiya ve Gupta, 2013; Wernike vd., 2013).

Schmallenberg  virus, Peribunyaviridae
familyasinda,  Orthobunyavirus  genusunda
Simbu serogrubundan =zarli, tek iplikg¢ikli,
segmentli bir RNA virustur (Doceul vd., 2013;
Pawaiya ve Gupta, 2013; Tuncer ve Yesilbag,
2012; Wernike vd., 2013; Yanase vd., 2013).
SBV; Almanya, Hollanda, Fransa, Italya,
Belgika, Biiyiik Britanya, Liiksemburg, Ispanya
ve Tiirkiye’de varligr belirlenmistir (Azkur vd.,
2013; Bilk vd., 2012; Meroc vd., 2014).
Bulasmanin ruminantlarda sokucu ve kan emici
sinekleri ile olmasimnin yami sira koyun ve
kecilerde transplasental yolla da bulas oldugu
bildirilmistir (Meroc vd., 2014; Wernike vd.,
2014). Bulasma riski altinda bulunan diger
canlilardan kopeklerde antikor tespit edilirken,
temaslt insanlardan alinan Orneklerde antikora
rastlanmadig1 farkli arastirmacilar tarafindan
rapor edilmistir (Ducomble vd., 2012; Reusken
vd., 2012, Sailleau vd., 2013; Wensman vd.,
2013).

Bu c¢alismada, Igdir ilinde yetistirilen
Morkaraman 1rki, atik yapmuis, Brucella sp.
yoniinden negatif olan koyunlarda SBV
enfeksiyonunun ELISA yontemi ile varlifinin
ilk defa ortaya konulmasi amaclanmistir. SBV
tilkemiz i¢in nispeten yeni bir viral etken olup,

Tiirkiye’deki varligi/yayginlhigi ile ilgili olduk¢a
sinirli sayida ¢alisma bulunmaktadir. Sunulan
bu calisma ile daha once Igdir bolgesinde
bilinmeyen SBV’nin, atikk yapmis
belirlenmesi  ve

varligi
koyunlarda
epidemiyolojik acidan yeni arastirmalar igin
veri olusumuna katki saglanmasi amaglanmustir.

varliginin

MATERYAL VE METHOD
Hayvan materyali

Calisma materyali olarak; Igdir ilindeki 32
farklt morkaraman 1rki siiriisiinde yetistirilen,
abort yapmis, 2-6 yas arasindaki toplam 180
adet koyundan alinan kan 6rnegi, 2021 Mayis-
Temmuz aylar1 arasinda toplandi. Bu caligsma,
Kafkas Universitesi Hayvan Deneyleri Yerel
Etik Kurulu’nun 28.04.2021 tarihli ve 2021/077
numarali etik kurul karar1 ile yapilmastir.

Kan orneklerinin toplanmasi

Tim hayvanlarin Vena jugularis’inden 10
mL’lik serum tiiplerine kan oOrnekleri alindi.
Almman kan ornekleri 3000 devirde 10 dk
santrifiij edilerek serumlar1 ayrildi, Brucella sp.
icin rose bengal play test ile negatifler
belirlendi ve ELISA analizleri yapilincaya
kadar -20°C’de dondurucuda muhafaza edildi.
SBV spesifik antikorlar ticari bir ELISA
(IDEXX Schmallenberg Ab Test®, IDEXX,
Switzerland) kiti degerlendirildi. Sonuglar
tretici firmanin belirledigi [%S/P = 100 x
(6rnek OD — negatif kontrol OD)/(pozitif
kontrol OD — negatif kontrol OD)] formiiliine
gore hesaplandi. Formiile goére hesaplanan
sonuclar %S/P <%30 ise negatif, >%30 ile
<%40 arasinda ise silipheli, >%40 ise pozitif
olarak degerlendirildi.

Istatistik analiz

Calismada hayvan materyali ayn1 irk, ayni yas
araligit ve cinsiyete oldugu i¢in kategorik
degiskenler yiizde (%) olarak ifade edildi.

BULGULAR

Calismaya dahil edilen, atik yapmus, Brucella
spp. yoniinden negatif 180 disi koyundan

MEN L



orneklenen serumlarin yalnizca 8 tanesinde
(%4.4) Schmallenberg virus spesifik antikor
varlig1 pozitif tespit edildi. Testin uygulandig
koyunlardan 7 tanesinde (%3.88) ise test sonucu
olarak siipheli antikor pozitiflik belirlendi.

VetBio, 2023, 8(2), 137-142

Bunlardan seropozitif olanlarin 7 tanesi ve
siphelilerin 5 tanesinin ortalama 1200 m
rakimda, diger seropozitif 1 koyun ve siipheli
seropozitif 2 koyunun ise 1500 m’den yiiksek
rakimlarda barindirilmistir (Tablo 1).

Tablo 1. Rakima gore Schmallenberg virus 6zgiil antikor pozitif ve siipheli hayvan sayisi

Rakima gore Schmallenberg

virus ornek sayisi Seropozitif

Ortalama 1200 metre

Ortalama 1500 metre ve daha yiiksek
Siipheli Stipheli

Seropozitif

7

5 1 2

TARTISMA

Yeni bir Orthobunyaviriis olan SBV ilk olarak
2011 yilinda izole edilmistir (Hoffmann vd.,
2012; Hoffmann vd., 2013; Pawaiya ve Gupta,
2013). SBV’un varlig1 sigir, koyun, kegi, bizon,
karaca ve alageyiklerde c¢esitli arastirmalarda
ortaya konulmustur. SBV  merkezi sinir
sistemini de enfekte edebilir ve klinik olarak
ates, ishal, siit veriminde diisiis, konjenital
malformasyonlar ve oOli dogumlara siklikla
neden olabilir (Doceul vd., 2013; Pawaiya ve
Gupta, 2013; Tuncer ve Yesilbag, 2012).

Schmallenberg virus kan emici sinekler
araciligi ~ veya  transplasental  yol ile
bulasabilmektedir. Bununla birlikte keneler ve
benzeri kan emici artropodlarin
tasidiklarini bildiren calismalara
rastlanmamistir (Doceul vd., 2013; Pawaiya ve
Gupta, 2013; Tuncer ve Yesilbag, 2012).
SBV’yi bulastirabilen kan emicilerin biyolojik
yasam alanlar1 igerisinde bu hastaligin
goriilebilecegi, cinsiyetin ve yasin hastaligin

virusi

goriilmesinde bir faktér olamayabilecegi daha
onceki ¢alismalarda bildirilmistir (Dik 1997;
Meroc vd., 2014; Rossi vd., 2017; Van den
Brom vd., 2012;)

Schmallenberg virus enfeksiyonunun
inkiibasyon periyodu 1-4 giin, viremi dénemi
ise 1-6 giin olarak bildirilirken, hastaligin
patogenezi hakkindaki veriler halen yeterli
degildir. Enfeksiyonun, gebe hayvanlarda basta
plasenta, fotusta ise dalak, serebrum, spinal

kord olmak iizere ¢esitli doku ve organlar
iizerine etkili oldugu belirtilmektedir (Bilk vd.,
2012; Dogan ve Dagalp, 2017).

Schmallenberg viriis enfeksiyonunu klinik
olarak 1ilk defa Kuzeybati Almanya ve
Hollanda’nin  dogu  boélgesindeki  yetigkin
sigirlarda bildirilmistir (Hoffmann vd., 2012).
Fransa’daki koyunlarda yapilan
caligmalarda seropozitiflik oranimnin %36-100
arasinda degistigi rapor edilmistir (Doceul vd.,
2013). Avusturya’da 2012-2013 yillar1 arasinda
yapilan bir c¢alismada vahsi ruminatlarda
SBV’nin seropozitifligi diisik oranda tespit
edilirken bu oranin sigirlarda %98, koyunlarda
ise  %58.3-95.6 arasinda oldugu ortaya
konulmustur (Steinrigl vd., 2014). Belgika’da
2011-2012 yillarinda yapilan ¢alismalarda ise
SBV  seropozitifliginin  sigirlarda %091,
koyunlarda ise %98,03 oldugu tespit edilmistir
(Garigliany vd., 2012; Meroc vd., 2014).
Avrupa kitasinin disinda, Gilineydogu Afrika
iilkesi olan Mozambik’te Blomstrom vd., 2014
yilinda yaptiklart bir ¢alismaya gore, SBV’nin
seropozitifligin  sigirlarda %100, koyunlarda
%43-97 ve kegilerde ise %72-100 oranlarinda

PR

degistigi rapor edilmistir.

sigir - ve

Isvigre’”de SBV’ye karsi olusan antikor
varliginin siit 6rneklerinden degerlendirildigi ve
hastaligin yaygimligindaki mevsimsel farklilik
lizerine yapilan bir ¢alismada, temmuz ayinda
degerlendirilen 224 siit ineginde 9%19.7
oraninda seropozitiflik tespit edilirken Aralik
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Koyunlarda Schinallenberg virus enfeksiyonu

aymda degerlendirilen 211 siit ineginde %99.5
oraninda seropozitiflik oldugu arastirmacilar
tarafindan belirlenmistir (Balmer vd., 2014).
Benzer sekilde Irlanda’da SBV nin 72 siit tank1
orneginde 9 pozitif 1 siipheli seropozitif olarak
rapor etmigler (Johnson vd., 2014).

Tiirkiye’de yapilan c¢alismalarda, sigirlarda
SBV’nin genom varligi belirlenmis (Yilmaz
vd., 2014) ve seroprevalansin sigirlarda %39.8,
kegilerde  %2.5, koyunlarda %16 ve
mandalarda %1.5 oraninda oldugu bildirmistir
(Azkur wvd., 2013). Afyonkarahisar ilinde
ineklerde  %13.51 oraninda seropozitiflik
belirlenmistir (Biyikli vd., 2017). Macun vd.,
(2017) yilinda Kirikkale’deki  koyunlarda
yaptif1 c¢alismada SBV’nin seroprevalansini
%0.38, Elmas vd., (2018) Sivas ilindeki
Akkaraman 1rk1 koyunlarda yuriittiigii farkli bir
calismada ise SBV’nin seroprevalansinin %0.27
oraninda oldugunu tespit edilmislerdir.

Sunulan bu ¢alismada elde ettigimiz ve
Tirkiye’de daha once yapilan ¢alisma verilerine
gore nispeten yiiksek olarak tespit ettigimiz
seroprevalans oraninin, Igdir ilinin mikroklima

iklim  Ozelliklerine sahip olmasi, vektor
ozellikte olan Culicoides sp. tiirii kan emen
sokucu sinek yogunlugunun, diger

arastirmalarin yapildig1 illere gore fazla olma
ihtimalinden kaynaklandigi diistintilmektedir.

Dogal enfekte yetiskin sigirlarda SBV
enfeksiyonunu takiben 12-14 giinliik siirede
spesifik  antikorun olustugu arastirmacilar
tarafindan bildirilmektedir (Conraths vd., 2013;
Elbers vd., 2014). Sigirlarda olusan bu spesifik
antikorun 2 yildan fazla slirede boyunca
varliginin devam etmesine karsilik koyunlarda
SBV ile dogal enfeksiyonda antikorlarin
olusumu veya varliginin devami ile ilgili
literatiire rastlanilmamaktadir. Bu ¢alismada
elde ettigimiz seropozitifligin varligi, tilkemizde
diger bolgelerde yapilan calismalar1
destekledigi gibi, SBV pozitif seroprevalansin
Tiirkiye’de yapilanlara gore yliksek verilere
gore olmast ve bu net degerin “slipheli

seropozitif Ornek” oranina yakin olmasi,
koyunlarda dogal enfeksiyon sonucu ortaya
¢ikan mevcut antikorlarin titresinde zaman
icerisinde olusabilecek bir azalma egilimi ile
aciklanabilecegi kanaatine varildu.

Bulagmada Oonemli rol oynayan
Culicoides’lerin ~ yasam  aktiviteleri 151k,
sicaklik, riizgar, nem ve rakim gibi birgok
faktorden  etkilenmektedir  ancak  etken
Antarktika ve Yeni Zelanda hari¢ diinyanin her
bolgesinde ve 4000 metre rakima kadar
goriilebilen, 1368 tiyesi olan, genis yayiliml bir
genustur (Dik, 1997; Duan vd., 2019). Rossi
vd., (2017) yabani ruminantlarda yaptiklar1 bir
caligmada 800 m’ye kadar olan rakimlarda
SBV’nin  seropozitifliinde daha yiiksek
oranlarin belirlenebilecegine dikkat
¢cekmislerdir. Macun vd., (2017) ise iilkemizde
yaptiklar1 calismada seropozitifligin belli bir
rakimda  yogunlagsmadigr  goriislinii  ileri
stirmiislerdir. Calisma materyalimizi olusturan
koyunlar, Igdir ilinde goger hayvancilik
yapilmast nedeni ile ¢alismanin yapildig
aylarda yayla seviyesine yakin olan 1200 metre
ve/veya daha
bulunmaktadirlar.

lizeri rakimlarda
Koyunlardan  seropozitif
olanlarin 7 tanesi ve siiphelilerin 5 tanesinin
yaklasik 1200 m yiikseklikte barindirildiklari,
diger seropozitif 1 koyun ve siipheli seropozitif
2 koyunun ise 1500 m’den yiiksek rakimlarda
barindiriliyor olmasi Macun vd., (2017)’nin bu
konuda bildirdikleri ile daha uyumlu
gOriilmiistiir. birlikte koyunlarin
barinma yiiksekligi artikga seropozitiflik veya
stipheli seropozitifligin nispi ancak belirgin
sekilde azalmis oldugu da calismamizdan elde

Bununla

ettigimiz sonuglar arasinda dikkat ¢cekmektedir.

SONUC
Sonuc¢ olarak, koyunlarda SBV
seroprevalansinin Igdir’da ilk kez

degerlendirildigi bu ¢aligmayla, virusun il
genelinde ve bu cografyadaki varligi serolojik
olarak ortaya konulmustur. Igdir ilinde,
morkaraman k1 koyunlarda SBV

) 10



enfeksiyonunun, Tirkiye’deki koyunlarda az
sayida yapilan caligmalara gore onemli oranda
yiiksek seroprevalans degerine sahip oldugu
belirlenmistir. Calismamizdan elde ettigimiz
sonuglar, Igdir ilinde SBV enfeksiyonunun
yayginliginin ortaya konabilmesi i¢in daha fazla
materyal ile yiritilecek epidemiyololojik
caligmalarin gerekli oldugu ve enfeksiyonunun
tim risk faktorlerin ile birlikte, basta Culicoides
ve olast vektor sivrisineklerin arastirilmasinin,
hastaligin yayilmasi, bolgesel veya {ilkesel
endemilerin  6nlenmesi,
seyreden bu hastaliktan olusabilecek ekonomik
zararlarla miicadele de yiiksek Oonem arz ettigi
kanaatindeyiz.

yavru kayiplart ile
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Aksaray Malakh képeklerinde tibia ve interkondiler
genislik indeksi iizerine morfometrik bir ¢calisma

A morphometric study on tibia and intercondylar width index
in Aksaray Malakh dogs

OZET

Bu caligma Aksaray Malakli kdpeklerinde tibia ve interkondiler genislik indeksinin
belirlenmesi amaciyla yapilmistir. Calismada 6 erkek ve 6 disi olmak iizere toplamda
12 adet eriskin Aksaray Malakli irki kopegin toplam 14 adet tibia kemigi
kullanilmustir. Caudal yiizli kasete doniik olacak sekilde ve condylus lateralis ile
condylus medialis’in uglar kasete temas edecek bigimde radyografisi gekilen tibia
kemiklerinin 6l¢iimii ayni cihaz {izerinde yapildi (Fujifilm Fcr Prima T2 FVS-1000).
Interkondiler genislik 6l¢iimii icin eminentia intercondylaris’i olusturan iki ¢ikinti
iizerine dogrusal iki ¢izgi gizilerek bu iki ¢izgi arasi, tibial plato 6l¢iimii igin condylus
medialis ve condylus lateralis’in en u¢ kisimlart arasinda dogrusal bir ¢izgi ¢ekilerek
olusan bu ¢izgi uzunlugu baz alindi. Intercondiler Genislik Indeksi (ICWI),
“interkondiler genislik*tibial plato genisligi / 100’ formiilii kullanilarak hesaplandi.
Calismada kullamilan materyallerin tamaminin ICWI indeksi ortalamasi 20.09+2.48
cm, tibia uzunlugu 25.10+2.36 cm, gévde genisligi 2.124+0.41 cm, tibial plato genisligi
5.20+0.51 cm ve interkondiler genislik ortalamasi 1.06+0.19 cm olarak 6lgiildii.
Cinsiyetler arasindaki farki anlayabilmek i¢cin Mann-Whitney U testi uygulamasi
yapilmis ancak istatiksel olarak anlamli bir fark (p=0.798) bulunamamistir. Yapilan
calismada cinsiyetler arasinda istatistiksel bir fark olmamakla birlikte; disilerin ICWI
indeksi ortalamasinin (19.98+2.50 cm) erkeklere (20.194+2.65 cm) nazaran daha diisiik
oldugu tespit edilmistir. Sonug olarak; yapilan bu calismada, intercondiler Genislik
Indeksi (ICWI)’nin CrCL ruptur insidansim etkiledigi diisiiniilmektedir.

Anahtar Kelimeler: Aksaray Malakli kopegi, intercondiler genislik indeksi, tibia

ABSTRACT

This study was carried out to determine the Tibiaand Tibia Intercondylar Width Index
in Aksaray Malakli Dogs. A total of 14 tibia bones of 12 adult Aksaray Malakli dogs,
6 male and 6 female, were used in the study. The measurement of the tibia bones,
which were radiographed with the caudal side facing the cassette and the ends of the
condylus lateralis and condylus medialis in contact with the cassette, were measured
on the same device (Fujifilm Fcr Prima T2 FVS-1000). For the measurement of
intercondylar width, two linear lines were drawn on the two projections forming the
eminentia intercondylaris, and this line length was taken as a basis by drawing a linear
line between these two lines, for the measurement of the tibial plateau, between the
extreme parts of the condylus medialis and condylus lateralis. Intercondylar Width
Index (ICWI) was calculated using the formula “intercondylar width*tibial plateau
width / 100”. The mean ICWI index of all the materials used in the study was
20.09+2.48 cm, tibia length was 25.10+2.36 cm, body width was 2.12+0.41 cm, tibial
plateau width was 5.204+0.51 cm, and The mean intercondylar width was measured as
1.06+£0.19 cm. Mann-Whitney U test was applied to understand the difference
between the genders, but no statistically significant difference (p=0.798) was found.
Although there is no statistical difference between the genders in the study; it was
determined that the mean ICWI index of females (19.98+2.50 cm) was lower than that
of males (20.19+2.65 cm). In conclusion, in this study, it is thought that the
Intercondylar Width Index (ICWI) affects the incidence of CrCL rupture.

Keywords: Aksaray Malakli dog, intercondylar width index, tibia
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Malakli kopeklerinde tibia ve interkondiler genislik indeksi

IRIS
Articulatio genus (diz eklemi),
femur, tibia ve  patella

kemiklerinin bir araya gelerek

olusturduklar1  bir  eklemdir

(Konig vd., 2007). Bu eklem,
femur’la tibia arasindaki art. femorotibialis ve
femur’la patella arasindaki art.
femoropatellaris’ten olusur (Dursun, 2006).
Articulatio femorotibialis, femur’un extremitas
distalis’t ile tibia’nmin extremitas proximalis’i
arasinda olusur (Done vd., 2009).

Femorotibial eklemi olusturan unsurlardan
ligamentum cruciata genus, eklemin gerilmesini
onleyen, kemiklerin birbiri lizerinde kaymasini
engelleyen  “X”  seklindeki  ligamentum
cruciatum craniale ve ligamentum cruciatum
caudale’dir (Dursun, 2005; Lopez vd., 2003;
Tashman vd., 2004).

Ligamentum cruciatum craniale (CrCL) intra-
articuler olarak condylus
lateralis’inden orijin alip, tibial plato iizerinde
bulunan area intercondylaris cranialis’e yapisan
oblik bir bagdir. (Tanegashima vd., 2019).
Kraniyal ¢apraz bag rupturu, kopeklerde 6nemli

femur’un

ekonomik ve klinik sonuglar doguran pelvik
ekstremite topalligimin en sik nedenlerinden
biridir (Johnson vd., 1994, Wilke vd., 2005).

Kopeklerde 6n capraz bag kopugu ile ilgili
bircok calismada (Guerrero 2007; Hayashi vd.,
2004; Zeltzman 2005) nedeni tam olarak
aciklanamamakla birlikte travmatik, dejeneratif
nedenler, genetik faktorler, irk predispozisyonu,
cinsiyet, viicut agirhigi faktorlerin rol oynadig:
bildirilmistir. Diz ekleminin asir1 gerilmesi,
yiiksekten diisme, atlama, ziplama sonucu,
hayvanin birdenbire topallamas1 dikkat ¢ekicidir
(Buote vd., 2009; Cabrera vd., 2008; Doom vd.
2008).

Ayrica On ¢apraz bag kopugu ile ilgili olarak
femur’un trochlea ossis femoris’i ve tibial-plato
egimi gibi anatomik faktorlerin bu konuda etkili
olabilecegi vurgulanmistir (Sabanci, 2022;
Sabanci ve Ocal, 2014). Bu calismalar

kopeklerde CrCL kopmasi tedavi stratejilerini ve
potansiyel risk faktorlerini belirleme agisindan
onemli rol oynamaktadir. Bunlara ek olarak
Sabanci (2022), CrCL boyutunun da CrCL
rupturlart  konusunda  anatomik  yatkinlik
acisindan etkili olabilecegini bildirmistir.

Anatomik faktorler goz Oniine alindiginda
ligamentum  cruciatum craniale  boyunun,
tibia’nin eminentia intercondylaris genisligiyle
yaklasik olarak ayni oldugu var saymu ile
insanlarda “Eminens Genislik Indeksi” (TEWI)
gelistirilmistir (Uhorchak vd., 2003). Bu indeks,
tibia’nin eminentia intercondylaris genisliginin
tibial-plato genisligine boliinmesiyle elde edilir.
Bu veriler erkek ve kadmlarda non-travmatik
CrCL rupturlarinda olgu bulunan ve bulunmayan
gruplar arasindaki farki belirlemek amaciyla
kullanilir (Uhorchak vd., 2003). Sabanci (2022),
intercondiler terimini kullanmanin eminens
teriminden daha uygun oldugunu ifade ederek
“Intercondiler Genislik Indeksi”” (ICWI) ifadesini
kullanmis ve bilindigi kadariyla kopeklerdeki ilk
ICWI o6lgiimiinii yapmustir. Bu calismada da
“Interkondiler Genislik Indeksi” terimi “ICWI”
(Intercondylar Width Index) kisaltmasi ile
kullanilacak ve Aksaray Malakli ki kopegi
lizerine yapilan Olglimler sonucunda ICWI
Olciimii yapilan kdpek irklart sayismin nicelik
olarak artirilmasina katki saglanmis olacaktir.

MATERYAL VE METHOD

Alt1 erkek ve alt1 disi olmak tizere toplamda 12
adet erigkin Aksaray Malakl1 irk1 kdpegin toplam
14 adet tibia kemigi kullanilmistir. Kemikler,
Aksaray Universitesi Veteriner Fakiiltesi Teshis
ve Analiz Laboratuvari’na nekropsi amaciyla
getirilen ¢esitli sebeplerden 6lmiis 12 adet yetiskin
Aksaray Malakli ki kopegi kadavrasindan
diseksiyon ve maserasyon islemleri yapilarak
Olclime hazir hale getirildi. Hazirlanan tibia
kemiklerinin craniocaudal radyografi goriintiileri,
condylus lateralis ve condylus medialis uglar
kasete temas edecek bicimde, kemiklerin caudal
yiizleri kasete doniik olacak sekilde c¢ekildi
(Fujifilm Fcr Prima T2 FVS-1000) Radyografisi

) 14 I
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cizgi arasi, tibial plato Ol¢limii ig¢in condylus
medialis ve condylus lateralis’in en u¢ kisimlari
arasinda dogrusal bir ¢izgi ¢ekilerek olusan bu
¢izgi uzunlugu baz alindi (Sekil 1).

Tibia
Uzunlugu

Sekil 1. Aksaray Malakli kopegi tibia’sinin craniocaudal (normal ve radyografik) goriintiisii. I.G.= Interkondiler genislik,

T.P.= Tibial plato genisligi, M.S.=Mid-shaft genisligi

ICWI, “interkondiler genislik*tibial plato
genigligi / 100” formiilii kullanilarak hesaplanda.
2 farkli kadavraya ait 4 tibia 6l¢iimii sonucunda
ayni kadavraya ait sag ve sol tibia Ol¢iimleri
arasinda anlamh bir farklilik goriilmedigi tespit
edildi. Olgiimii yapilan 10 tibia ise farkl
kadavralardan elde edildi. Yapilan dl¢timlere ait
sonuglar Tablo 1°de gosterildi. Disi ve erkek
kadavralara ait ICWI sonuglar1 arasinda anlamli
bir fark olup olmadigini kontrol etmek amaciyla
Mann-Whitney U testi uyguland:. Istatistiksel
analiz i¢in SPSS paket programi kullanilmigtir.

BULGULAR

Alt1 erkek 6 disi olmak tizere 12 adet Aksaray
Malakli ki1 kopegin tibia kemigi incelendi.
Biitlin kemikler eriskin kdpeklerden elde edildi.

Bir erkek bir disi kadavranin sag ve sol tibia
kemikleri birlikte incelendi. Anlamli bir fark
bulunmadigi tizere geri kalan tibia kemikleri
unilateral olarak incelendi. Erkek Aksaray
Malakli k1 kopeklerin kadavralarindan diseke
edilen tibia kemiklerinin  ICWI indeksi
ortalamasi 20.19+2.65 cm olarak hesaplandi.
Ayn1 gruba ait tibia uzunlugu ortalamasi
26.98+1.48 cm, govde genisligi ortalamasi
2.24+0.44 cm, sirasiyla tibial plato genisligi ve
interkondiler genislik ortalamalari ise 5.23+0.39
cm ve 1.0840.17 cm olarak olgiildi. Disi
Aksaray Malakli irk1 kopeklerin kadavralarindan
elde edilen tibia kemiklerinin ICWI indeksi
ortalamasi 19.98+2.50 cm olarak 6lgiildii. Ayni
gruba ait tibia uzunlugu ortalamasi 23.23+1.30
cm, govde genisligi ortalamasi 2.00+0.38 cm,
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sirastyla tibial plato genisligi ve interkondiler
genislik ortalamalart ise 5.16+0.63 cm ve
1.04+£0.23 cm olarak Olgiildi. ICWI indeksi
ortalamasi tim kopekler ig¢in 20.09+2.48 cm
bulundu. Tim kd&pekler i¢in tibia uzunlugu
ortalamas1 25.10+2.36 cm, goévde genisligi
ortalamasi 2.124+0.41 cm, tibial plato genisligi
ortalamasi  5.20+0.51 cm ve interkondiler
geniglik ortalamast ise 1.06+0.19 cm olarak

Olctildii. Erkek ve disi kadavralara ait Mann-
Whitney U testi sonucuna gore erkek ve disi
kadavralara ait ICWI indeksi (p=0.85), Tibial
plato genisligi (p=0.81), gbvde genisligi (p=0.1)
ve interkondiler genislik (p=0.80) ol¢iim
degerleri arasinda anlamli bir fark bulunmadig:
tespit edildi. Tibia uzunlugu olgtimleri arasinda
ise anlaml1 bir farklilik oldugu sonucuna ulasildi
(p=0.002, Tablo 1).

Tablo 1. Aksaray Malakli irki kopeklerin tibia kemigine ait 6lgiimler (cm)

S Tibia interkf)n.diler Tibia! p.li':l.to ICWI oram Giivd(f Tibia'
genislik genisligi I.G/T.P*100 genisligi uzunlugu

NI (sag) 1.22 5.08 24.01 1.95 25.87

NL1* (sol) 1.18 5.09 23.23 1.81 25.87

N2 (sol) 1.01 5.21 19.38 1.99 24.98

N3 (sag) 0.81 5.00 16.20 2.03 26.88

N4 (sag) 1.08 5.59 19.32 2.23 28.17

N5 (sag) 1.28 5.89 19.15 3.01 29.01

N6 (sol) 0.95 4.74 20.04 2.65 28,05
Ortalama+SD 1.08+0.17 5.23:0.39 20.19+2.65 2245044 26.98+1.48

N7 (sol) 1.32 5.78 22.84 2.53 24.63

N7* (sag) 1.32 5.90 22.37 2.58 24.89

N8 (sol) 0.99 4.88 20.28 1.76 21.75

NO (sag) 0.74 4.27 17.33 1.72 22.47

N10 (sag) 1.12 5.08 22.04 1.76 22.01

N11 (sol) 0.81 457 17.72 1.75 22,72

N12 (sag) 0.98 5.66 17.31 1.95 24.16
Ortalama=SD 1.04£0.23 5.162£0.63 19.98+2.50 2.00:038  23.23%1.30
Ortalama=SD 1.06£0.19 5.2020.51 20.09+2.48 2.12¢041  25.10£2.36

Erkek — Disi p degeri p=0.80 p=0.81 p=0.85 p=0.1 p=0.002

Aym kadavraya ait kemikler “*” ile isaretlenmistir. I.G.= Interkondiler Genislik, T.P.= Tibial Plato Genisligi, SD=

Standart sapma.

TARTISMA

Bu ¢alismada Aksaray Malakli irk1 kopeklere ait
tibia kemiklerinin Interkondiler = Genislik
Indeksi, tibia uzunlugu, tibia kemigi govde
genisligi, tibial plato genisligi ve eminentia
intercondylaris’in interkondiler  genisligi
Olgiilmiistiir. Bununla ilgili olarak non-travmatik
CrCL kopmalarmin multi-faktoriyel olduguna
inanilmaktadir ve kopeklerde karsilasilan
vakalarin giinden giline arttig1 belirtilmistir

(Witsberger vd., 2008). Kopeklerde 6n capraz
bag kopuklarma o6zellikle 22 kg’in iizerindeki
kopek iwrklarinda daha fazla rastlandig:
bildirilmistir (Duval vd., 1999; Unlii, 2011;
Necas vd., 2000).

Ayrica, CrCL kopmalarinda yatkinlik
anlaminda ilk olarak iskelet faktorlerinin
incelenmesi Onerilmektedir (Tillman vd., 2002).
Cinsiyet veya bireyler arasindaki anatomik
farkliliklar CrCL rupturlari agisindan hazirlayict
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etken olarak kabul edilmektedir (Hashemi vd.,
2011). Bu nedenle anatomik faktorler {izerinde
arastirmalar aktif olarak devam etmektedir
(Griffin vd., 2006). Kopeklerde irklar arasi
ol¢tim farkinin oldukga biiyiik olmasi nedeniyle
mutlak bir 6l¢iim degeri kullanmanin zorluklara
sebebiyet verdigi belirtilmektedir (Sabanci,

2022).

Kopek 1rklarinin capraz bag kopuklariin
sagaltiminda tibia’nin cranial’e
subluksasyonunu  engellemeyi  amaglayan

tuberositas tibiae’yi One tasima tekniginden
(Captug, 2009) ve tibial plato diizeltme
osteotomisi —TPLO (Aydn, 2010)
operasyonlarindan ¢ok iyi sonuglar alinmastir.

Sabanci (2022), farkli kopek irklari tizerinde
ICWI ol¢iimii yaptig1 bir calismada ¢apraz bag
yaralanmalarinin tibial plato veya interkondiler
genislikte  herhangi  bir  degisiklige yol
acmayacagl bildirmistir. Aymi c¢alismada 26
kopek 1rki iizerinde yapilan Slgiimlerde ICWI
indeks ortalamasinin  19.24+2.72 c¢m, tibia
uzunlugunun 19.744.72 cm, goévde genisliginin
1.45+0.29 cm, tibial plato genisliginin 3.53+0.68
cm, interkondiler genisligin ise 0.67+0.14 cm
oldugu bildirilmistir. Yapilan ¢alismada tim
kopekler i¢in ICWI indeksi ortalamasi
20.09+2.48 cm, tibia uzunlugu 25.10+£2.36 cm,
govde genisligi 2.12+0.41 cm, tibial plato
genisligi 5.20+£0.51 cm ve interkondiler genislik
ortalamasi 1.06+0.19 cm olarak Ol¢lilmiistiir.
Elde edilen bu verilere gore Aksaray Malakli
kopeginin tibia’st ile ilgili 6lglimlerin Sabanci
(2022)’nin 26 kopek 1rki iizerinde yaptigi
calismada bildirdigi dlglimlerden daha yiiksek
oldugu tespit edilmistir.

Yapilan  ¢alismada  Aksaray = Malakh
kopeginin erkeginin tibia’lariin ICWI indeksi
20.1942.65 cm, disisinin ise 19.98+2.50 cm
olarak Olgiilmistir. Elde edilen bu verilerin
Sabanci (2022)’nin Anadolu c¢oban kopeginde
bildirdigi veri ile (ICWI indeksi 19.9+1.76 cm)
cok yakin oldugu belirlenmistir. Literatiirlerde
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(Barnes 1977; Denny ve Minter 1973; Whitehair
vd., 1993) disi kopeklerde CrCL ruptur
insidansinin erkeklere nazaran daha yiiksek
oldugu rapor edilmistir. Ayni sekilde insanlarda
da CrCL kopmasi ihtimali kadinlarda erkeklere
nazaran daha yiksektir (Chandrashekar vd.,
2006; Dienst vd., 2007).

Sunulan bu ¢alismada da elde edilen verilere
gore tibial plato genisligi (erkek 5.23+0.39 cm;
disi 5.16+£0.63 cm) ve interkondiler genisligin
(erkek 1.0840.17 cm; 1.04+0.23 cm) disilerde
erkeklere nazaran daha diistik oldugu tespit
edilmistir. Bu tespite gore tibial plato genisligi
ve interkondiler genisligin literatiirlerde (Barnes
1977; Denny ve Minter 1973; Whitehair vd.,
1993) bildirildigi gibi CrCL ruptur insidansini
etkiledigi diisiiniilebilir.

SONUC

Sonug olarak, biliyiikk ve iri yapili bir irk olan
Aksaray Malakli kopeginin  CrCL  ruptur
vakalarinda yapilacak olan tuberositas tibiae’yi
One tasima teknigi ve tibial plato diizeltme
osteotomisi —TPLO operasyonlar1 igin tibia
hakkinda anatomik bilgi verilmeye ¢alisilmistir.
Ayrica, literatiirde belirtildigi  gibi  kdpek
irklarinin ¢esitliliginin fazla olmasi ve anatomik
Olcti farklarinin biiyiik olmas tiir bazinda mutlak
Olcti degerleri kullanimini zorlagtirmaktadir. Bu
nedenle ICWI Ol¢iim indeksi yapilan kopek
irklarin gesitliliginin artmasi, daha sonra bu
calismalara eklenecek patolojik bozuklugu
bulunan vakalarda ayni1 6l¢iimler ile yapilacak
olan karsilagtirmalar, kopeklerin CrCL kopmast
konusunda anatomik yatkinliginin anlasiimasi
adina 6nem arz etmektedir.
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Cikar catigsmasi: Yazarlar arasinda herhangi bir ¢ikar
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KAYNAKLAR

Aydin, D. (2010). Kdpeklerde on ¢apraz bag kopuklarinin
sagaltiminda tibial plato diizeltme osteotomisi —TPLO
ile sagaltimi, sonu¢larimin klinik ve radyografik olarak
degerlendirilmesi. Doktora Tezi, Istanbul: Istanbul
Universitesi, Saglik Bilimleri Enstitiisii.

Barnes, A. J. (1977). Rupture of the anterior cruciate
ligament of the dog: A survey from practices in the
Kent region BSAVA. Journal of Small Animal
Practice, 18, 55-57. https://doi.org/10.1111/j.1748-
5827.1977.tb05825.x

Buote, N., Fusco, J., & Radasch, R. (2009). Age, tibial
plateau angle, sex, weight as risk factors for
contralateral rupture of the cranial cruciate ligament in
Labradors. Veterinary Surgery, 38, 481-489. https://
doi.org/10.1111/j.1532-950X.2009.00532.x

Chandrashekar, N., Mansouri, H., Slauterbeck, J., &
Hashemi, J. (2006). Sex-based differences in the
tensile properties of the human anterior cruciate
ligament. Journal of Biomechanics, 39, 2943-2950.
https://doi.org/10.1016/j.jbiomech.2005.10.031

Cabrera, S.Y., Owen, T.J., Mueller, M.G. & Kass, P.H.
(2008). Comparison of tibial plateau angles in dogs
with unilateral versus bilateral cranial cruciate rupture:
150 Cases (2000-2006). Journal of the American
Veterinary Medical Association 232, 889-892. https://
doi.org/10.2460/javma.232.6.889

Captug, O. (2009). Kopeklerde on ¢apraz bag
kopuklarimin sagaltiminda Tuberositas Tibiae'yi dne
tasima tekniginin klinik ve radyolojik
degerlendirilmesi. Doktora Tezi, Ankara: Ankara
Universitesi, Saglik Bilimleri Enstitiisii.

Denny, H. R., & Minter, H. M. (1973). The long term
results of surgery of canine stifle disorders. Journal of
Small Animal Practice, 14, 695-713. https://doi.org/
10.1111/}.1748-5827.1973.th06408.x

Dienst, M., Schneider, G., Altmeyer, K., Voelkering,
K., Georg, T., Kramann, B., & Kohn, D. (2007).
Correlation of intercondylar cross sections to the ACL
size: A high resolution MR tomographic in vivo
analysis. Archives of Orthopaedic and Trauma
Surgery, 127, 253-260. https://doi.org/10.1007/s00402
-006-0177-7

Doom, M., Bruin, T., Rooster, H., Bree, H.V., & Cox, E.
(2008). Immunopathological mechanism in dogs with
rupture of the cranial cruciate ligament. Veterinary
Immunology and Immunopathology, 125, 143-161.
https://doi.org/10.1016/j.vetimm.2008.05.023

Done, S. H., Goody, P.C., Evans, S.A., & Stickland,
N.C. (2009). Color Atlas of Veterinary Anatomy,
Volume 3, The Dog and Cat, Elsevier Health Sciences.

Duval, J.M, Budsberg, S.C., Flo, G.L., & Sammarco, J.
L. (1999). Breed, sex, and body weight as risk factors
for rupture of the cranial cruciate ligament in young

dogs. Journal of the American Veterinary Medical
Association, 215, 811-814.

Dursun, N. (2005). Veteriner Anatomi, Cilt 1, 9. Baski.;
Medisan Yayinevi, Ankara.

Dursun, N. (2006). Veteriner Anatomi |, 10. Basku.;
Medisan Yayinevi, Ankara.

Dyce, K. M., Sack, W.O., & Wensing, C.J.G. (2009).
Textbook of Veterinary Anatomy-E-Book, Elsevier
Health Sciences.

Griffin, L. Y., Albohm, M. J., Arendt, E. A., Bahr, R.,
Beynnon, B. D., Demaio, M., & Yu, B. (2006).
Understanding and preventing noncontact anterior
cruciate ligament injuries: A review of the Hunt Valley
Il Meeting, January 2005. American Journal of Sports
Medicine, 34, 1512-1532. https://doi.org/10.1177/
0363546506286866

Griffon, D. J. (2010). A review of the pathogenesis of canine
cranial cruciate ligament disease as a basis for future
preventive strategies. Veterinary Surgery, 39, 399-4009.
https://doi.org/10.1111/j.1532-950X.2010.00654.x

Guerrero, T.G., Geyer, H., Hassig, M., & Montavon,
M.V. (2007). Effect of conformation of the distal
portion of the femur and proximal portion of the tibia
on the pathogenesis of cranial cruciate ligament disease
in dogs. American Journal of Veterinary Research, 68,
1332-1337. https.//doi.org/10.2460/ajvr.68.12.1332

Hashemi, J., Mansouri, H., Chandrashekar, N.,
Slauterbeck, J. R., Hardy, D. M., & Beynnon, B. D.
(2011). Age, sex, body anthropometry, and ACL size
predict the structural properties of the human anterior
cruciate ligament. Journal of Orthopaedic Research,
29, 993-1001. https://doi.org/10.1002/jor.21245

Hayashi, K., Manley, P.A., & Muir, P. (2004). Cranial
cruciate ligament pathophysiology in dogs with
Cruciate Disease: A Review. Journal of the American
Animal Hospital Association, 40, 385-390. https://doi.
0rg/10.5326/0400385

Kara, M. E., Sevil Kilimci, F., Dilek, O. G., & Onar, V.
(2018). Proximal and distal alignment of normal canine
femurs: A morphometric analysis. Annals of Anatomy,
217, 125-128. https://doi.org/10.1016/j.aanat.
2018.02.006

Konig, H. E. & H. Bragulla (2007). Veterinary Anatomy
of Domestic Mammals: Textbook and Colour Atlas,
Schattauer Verlag.

Lopez, M. J., Kunz, D., Vanderby, R., Heisey, D.,
Bogdanske, J., & Markel, M. D. (2003). A
comparison of joint stability between anterior cruciate
intact and deficient knees: A new canine model of
anterior cruciate ligament disruption. Journal of
Orthopaedic Research, 21, 224-230. https://doi.org/
10.1016/S0736-0266(02)00132-8

Necas, A., Zatloukal, J., Kecova, H., & Dvofiak, M.
(2000). Predisposition of dog breeds to rupture of
cranial cruciate ligament. Acta Veterinaria Brno, 69,
305-310. https://doi.org/10.2754/avh200069040305

M


https://doi.org/10.1111/j.1748-5827.1977.tb05825.x
https://doi.org/10.1111/j.1748-5827.1977.tb05825.x
https://doi.org/10.1016/j.jbiomech.2005.10.031
https://doi.org/%2010.1111/j.1748-5827.1973.tb06408.x
https://doi.org/%2010.1111/j.1748-5827.1973.tb06408.x
https://doi.org/10.1007/s00402%20-006-0177-7
https://doi.org/10.1007/s00402%20-006-0177-7
https://doi.org/10.1016/j.vetimm.2008.05.023
https://doi.org/10.1177/%200363546506286866
https://doi.org/10.1177/%200363546506286866
https://doi.org/10.1111/j.1532-950X.2010.00654.x
https://doi.org/10.2460/ajvr.68.12.1332
https://doi.org/10.1002/jor.21245
https://doi.org/10.1016/j.aanat.%202018.02.006
https://doi.org/10.1016/j.aanat.%202018.02.006
https://doi.org/%2010.1016/S0736-0266(02)00132-8
https://doi.org/%2010.1016/S0736-0266(02)00132-8
https://doi.org/10.2754/avb200069040305

Sabanci, S. & M. Ocal (2014). Lateral and medial tibial
plateau angles in normal dogs. Veterinary and
Comparative Orthopaedics and Traumatology 27(02),
135-140. https://doi.org/10.3415/VVCOT-13-04-0043

Sabanci, S. S. (2022). Intercondylar width index of the
tibia in the dogs: A morphological study. Veterinary
Journal of Mehmet Akif Ersoy University 7(2), 102-
107. https://doi.org/10.24880/maeuvfd.1076011

Tanegashima, K., Edamura, K., Akita, Y., Yamazaki,
A., Yasukawa, S., Seki, M., Asano, K., Nakayama,
T., Katsura, T., & Hayashi, K. (2019). Functional
anatomy of the craniomedial and caudolateral bundles
of the cranial cruciate ligament in beagle dogs.
Veterinary and Comparative Orthopaedics and
Traumatology 32(03), 182-191. https://doi.org/10.
1055/5-0039-1678711

Tashman, S., Anderst, W., Kolowich, P., Havstad, S., &
Arnoczky, S. (2004). Kinematics of the ACL-deficient
canine knee during gait: serial changes over two years.
Journal of Orthopaedic Research, 22, 931-941. https://
doi.org/10.1016/j.orthres.2004.01.008

Tillman, M. D., Smith, K. R., Bauer, J. A., Cauraugh,
J. H., Falsetti, A. B., & Pattishall, J. L. (2002).
Differences in three intercondylar notch geometry
indices between males and females: a cadaver study.
Knee, 9, 41-46. https://doi.org/10.1016/S0968-0160

(01)00135-1

Uhorchak, J. M., Scoville, C. R., Williams, G. N.,
Arciero, R. A,, St. Pierre, P., & Taylor, D. C. (2003).
Risk factors associated with noncontact injury of the
anterior cruciate ligament. A prospective four-year
evaluation of 859 West Point cadets. American Journal
of Sports Medicine, 31, 831-842. https://doi.org/10.
1177/036354650303100618

Unlii, G. (2011). Kopeklerde 6n capraz bag kopuklarina
predispoze wklann klinik degerlendirilmesi. Yiksek
Lisans Tezi, Ankara: Ankara Universitesi, Saglik
Bilimleri Enstitiisi.

Whitehair, J. G., Vasseur, P. B., & Willits, N. H. (1993).
Epidemiology of cranial cruciate ligament rupture in
dogs. Journal of the American Veterinary Medical
Association, 203, 1016-1019.

Wilke, V. L., Conzemius, M. G., Kinghor, B. P,
Macrossan P. E., Cai, W., & Rothschild, M. F.
(2006). Inheritance of rupture of the cranial cruciate
ligament in Newfoundlands. Journal of the American
Veterinary Medical Association, 228, 61-64. https:/
doi.org/10.2460/javma.228.1.61

Witsberger, T. H., Villamil, J. A,, Schultz, L., Hahn, A.
W., & Cook, J. L. (2008). Prevalence and risk factors
for hip dysplasia and cranial cruciate ligament
deficiency in dogs. Journal of American Veterinary
Medical Association, 232, 1818-1824. https://doi.
0rg/10.2460/javma.232.12.1818

VetBio, 2023, 8(2), 143-149

Zeltzman, P.A., Parre, B., Johnson, G.M., Zeltzman,
V., Robbins, M.A, & Gendreau, J.L., (2005).
Relationship between age and tibial plateau in dogs
with cranial cruciate rupture. Journal of the American
Animal Hospital Association, 41, 117-120. https://doi.
0rg/10.5326/0410117



https://doi.org/10.3415/VCOT-13-04-0043
https://doi.org/10.24880/maeuvfd.1076011
https://doi.org/10.%201055/s-0039-1678711
https://doi.org/10.%201055/s-0039-1678711
https://doi.org/10.1016/S0968-0160%20(01)00135-1
https://doi.org/10.1016/S0968-0160%20(01)00135-1
https://doi.org/10.%201177/036354650303100618
https://doi.org/10.%201177/036354650303100618

Journal of Advances in VetBio Science and Techniques

Serum pentraxin 3 levels in cats with feline parvovirus
infection

ABSTRACT

Feline parvovirus (FPV) infection continues to be a serious problem in cats and
therefore studies are ongoing to investigate all aspects of the disease. This study was
designed to determine the levels of PTX-3 in cats with feline panleukopenia (FPL).
Blood samples were taken from 12 cats of different breeds and gender with complaints
of weakness, listlessness, anorexia, diarrhoea, vomiting and FPV positive on
examination and from 7 cats found healthy on physical and laboratory examination.
Whole blood, biochemical parameters, total antioxidant status (TAS), total oxidant
status (TOS), oxidative stress index (OSi), serum amyloid A (SAA), C-reactive protein
(CRP) and pentraxin-3 (PTX-3) concentrations were determined in both sick and
healthy cats. The results showed that there was marked panleukopenia and serum PTX-
3 (58.69 pg/mL), SAA (59.91 pg/mL), TOS (14.35 pmol H,O, Eg/L) and OSi (1.17
arbitrary unit) levels were significantly higher in cats diagnosed with FPL compared to
healthy subjects. In conclusion, serum PTX- levels were measured for the first time in
cats naturally infected with FPV and found to be elevated. Further clinical studies with
large numbers of infected cats are needed to clarify these findings and to use PTX-3 as
a reliable biomarker in FPV-infected cats.

Keywords: Acute phase proteins, cat, oxidative stress, panleukopenia, pentraxin-3

NTRODUCTION

Feline panleukopenia (FPL) is a highly contagious infectious

disease of all Felidae caused by feline parvovirus (FPV). The

disease is widespread throughout the world and mainly affects
unvaccinated or partially vaccinated cats, especially Kittens, with a high
morbidity and mortality rate (Chowdhury et al., 2021; Dinger and
Timurkan, 2018; Truyen et al., 2009). The virus causes systemic
infection after faecal-oral contamination. The initial replication site of
infection is the oropharyngeal lymphoid tissue and then spreads to other
tissues with high affinity to rapidly dividing cells (Awad, 2018; Greene,
2012). The most common clinical signs associated with FPL are
anorexia, fever, depression, vomiting, diarrhoae, dehydration and the
important consequence is sepsis-related death (Borkii, 2016; Truyen et
al., 2009). The most characteristic laboratory finding is panleukopenia
with a marked decrease in neutrophils and lymphocytes (Parrish, 1995).

Parvoviral enteritis and associated parameters have been well studied
in details in dogs (Mazzafero, 2020), but there are limited number of
studies evaluating parameters for diagnosis, prognosis and disease
severity in cats with FPV (Petini et al., 2020).
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The status of some parameters such as C-
reactive protein, serum amyloid A (SAA),
haptoglobin, cholesterol, total thyroxine (tT4),
complete blood count (leukocyte and their
fractions, erythrocytes, thrombocytes etc.), blood
chemistry (albumin, potassium etc.), redox
balance (Vitamins D and E, glutathione
peroxidase,  superoxide  dismutase, total
antioxidant capacity, malondialdehyde) were
related to progression and severity of the disease
(Khoshvaghti and Nojaba, 2022; Kruse et al.,
2010; Petini et al., 2020; Proporata et al., 2018).
Recent studies revealed that the acute phase
response develops after infections as a part of the
innate host defense system that precedes the
acquired immune response (Ceron et al., 2005;
Paltrinieri, 2007; Schmidt and Eckersall, 2015)
and has been used to assess FPL cases (Petini et
al., 2020). However these studies are very limited
both in number and content.

Pentraxin 3 (PTX-3), an acute phase proteins,
has recectly gained attraction in human medicine
in evaluating diagnosis, prognosis and severity of
various diseases (Arslanoglu, 2012; Bastrup-Birk
et al., 2013; Liu et al, 2014). Pentraxin-3 (PTX3)
plays a crucial role in innate immunity in
inflammatory process (Zlibut et al., 2019), and its
production in cells is particularly induced by
inflammatory stimuli such as TNF-o and IL-18,
and is stored in neutrophil granules (Gtinasti et al.,
2017). The main source of PTX-3 is also myeloid
dendritic cells. It is produced by many cells such
as fibroblasts, endothelial cells, monocytes,
macrophages, smooth muscle cells, renal
epithelial cells, synovial cells, chondrocytes,
adipocytes and alveolar epithelial cells in
response to proinflammatory cytokines (TNF-a,
IFN-y, IL-18, IL-8, IL-10), microorganisms and
microbial products and has been reported to be
associated with disease severity (Oztelcan, 2010).
PTX-3 is a multifunctional protein and plays
important roles in microbial recognition, immune
regulation and tissue repair (Asgari et al., 2021).
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PTX-3 has been reported to inhibit and eliminate
viral pathogens by binding to the sialic acid in the
structure of PTX-3 and to haemagglutinin on the
viral surface, thereby preventing its entry into the
host cell, particularly dendritic cells, and binding
to epithelial cells, and inducing antiviral
immunity by regulating T-cell functions. It has
also been reported that inhibition of the viral
neuraminidase glycoprotein by PTX-3 prevents
the release of newly formed viral particles from
infected host cells. PTX-3 has also been shown to
facilitate opsonisation and clearance of infected
cells (Balhara et al, 2013; Deban et al, 2010; Perez
2019; Reading et al, 2008).

The fact that serum PTX-3 levels are less
influenced by other inflammatory conditions and
that plasma levels peak rapidly during infection
has made it attractive for diagnostic and
prognostic purposes in many pathological
conditions. It has been shown that there is a
positive correlation between the increase in
plasma concentration and the severity of the
disease (Inoue et al, 2011; Norata et al, 2010;
Ristagno et al, 2019). However, to date there
appear to be no studies on the status of PTX-3 in
FPV-positive cats. Therefore, this study was
designed to evaluate the concentrations of PTX-3
in cats infected with feline parvovirus infections.

MATERIALS AND METHODS
Animals

The animals used in this study were admitted to
the Teaching Hospital of Faculty of Veterinary
Medicine, Aksaray University and the Aksaray
Private Veterinary Clinic for treatment or routine
health checks. Written informed consent was
obtained from the owners of each animal. The
study was approved by the Local Ethical
Committee for Animal Experimentation,
Aksaray University.

The study involved 12 FPL positive and 7
healthy cats. Cats admitted with complaints of

ML



Pentraxin 3 levels in cats with feline parvovirus

anorexia, diarrhea, vomiting, fever lethargy and
dullness and tested positive for FPV antigen
(Vcheck V200, South Korea) were allocated to
the FPL group. Those with no abnormal
laboratory and clinical signs of any disease and
tested negative for FPV antigen were assigned to
the healthy control group. All cats in the FPL
group received standard treatment for 7 days,
including crystalloid fluid (isotonic saline, 44
mL/kg/day intravenously-1V, Polifeks perf.,
Polifarma, Tiirkiye), antibiotics (metronidazole,
25 mg/kg/day, 1V, Polygyl %0.05 perf.,
Polifarma, Tiirkiye and amoxycillin+clavulanic
acid, 20 mg/kg/day subcutaneously-SC, Synulox
enj., Zoetis, Tirkiye), supplemental therapy
(inactive parapoxvirus extract, 1mL/cat, SC,
Zylexis, Zoetis, Tiirkiye) (Greene, 2012).

Sampling

Blood samples were taken from all cats on
admission, followed by rectal faecal swabs.
Blood from each cat was collected from the
cephalic vein into plain and EDTA-treated tubes
(BD microtainer, Switzerland) for biochemical
and haematological analyses. Serum was
collected after centrifugation at 5000 rpm for 10
min and stored at -80°C until analysis.

Laboratory analyses

Faecal samples were tested in accordance with
the manufacturer's instructions (Vcheck V200,
Kore) and results were recorded as positive or
negative.

Blood samples were analysed for complete
blood count on a cell counter (Mindray BC30,
Chine) for total leukocytes (WBC), erythrocytes
(RBC), platelets (PLT), haemotocrit (HCT),
haemoglobin concentration (HGB), neutrophils
(NEU), lymphocytes (LY M), monocytes (MON)
and eosinophils (EOS).

Biochemical analyses included alanine
aminotransferase (ALT), aspartate
aminotransferase (AST), gamma glutamyl

transrase (GGT), blood urea nitrogen (BUN) and
creatine (CRE) were performed on an automated

analyser (FUJI DRI-CHEM NX600V IC,
Japon). Acute phase proteins; C-reactive protein
(CRP) and Serum amyloyid A (SAA) were
determined using an automated analyser
(Vcheck V200, South Korea).

Serum total oxidant status (TOS) and total
antioxidant status (TAS) were measured
calorimetrically (PowerWave XS, BioTek,
Instruments, USA) using commercially available
test kits (Rel Assay Diagnostics, Gaziantep,
Tiirkiye) based on the method developed by Erel
(2005). TAS was expressed as mmol Trolox
Eq/L and TOS as umol H20. Eq/L. Oxidative
stress index (OSI) was calculated as OSi
(arbitrary unit) = [(TOS, pumol/L)/(TAS, pmol
Tro equivalent/L) x 100 (Gokge et al., 2022).

Serum pentraxin-3 (PTX-3) was measured
spectrophotometrically ~ (PowerWave XS,
BioTek, Instruments, USA) using a
commercially available ELISA kit (Cat
Pentraxin-3 ELISA kit, ELK Biotechnology,
China) according to the manufacturer's
instructions.

Statistical analyses

Statistical analyses were performed using SPSS®
(version 26.0, Chicago, IL, USA). Normality of
data was tested by Shapiro-Wilk test and visually
by histogram and Q-Q graph method. Groups
were compared by independent samples t-test
when data were normally distributed and by
Mann-Whitney U test when data were not
normally distributed. The stated sensitivity
threshold was 13.5 pg/mL for PTX-3 and 5
ng/mL for SAA. Serum PTX-3 and SAA were
tested below the sensitivity stated in the test Kits
for control cats, therefore these values were not
included in the statistical analysis. The level of
significance was set at P<0.05. Variables are
presented as mean + standard error.

RESULTS
Clinical findings

Of the cats diagnosed with FPL, 8 were female
(66.6%) and 4 were male (33.4%). Two of these
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cats were vaccinated (16.6%), 1 had unknown
vaccination status (8.3%) and 9 were
unvaccinated (75%). The mean age of the cats in
the FPL group was 7.1 months (range 3-14
months). The mean age of the control group was
7.6 months (range 3-36 months) and all were
vaccinated, three were males and four were
females.

On clinical examination, common complaints
on admission were anorexia (75%, 9/12), latergia
(75%, 9/12), vomiting (75%, 9/12), diarrhoea
(66.7%, 8/12), purulent nasal discharge (8.3%,
1/12) and no clinical signs (8.3%, 1/12). Of the
treated cats, 3 died during the treatment (25%,
3/12).

VetBio, 2023, 8(2), 150-158
Laboratory findings

Haematological results showed a significant
decrease in leukocytes and their fractions in the
FPV group compared to the control group (Table
1). In the FPL group, total leukocytes
(1.67£0.44/10%L), NEU (0.64+0.24/10%L),
LYM (1.22+0.23/10°/L), MON
(0.12+0.03/10%L) and EOS (0.28+0. 0.06/10%/L)
were significantly lower than those of healthy
cats (WBC, 10.96+1.23 10%L; NEU,
5.41+0.88/10%L, LYM, 3.94+0.52 10%/L; MON,
0.84+0.12 10%L; EOS, 0.76x0.11 10%L)
(P<0.05).

Table 1. Changes in haemotological parameters in the study groups.

Parameters Groups Mean+SE P value
FPL 1.67+0.44
WBC (10°/L) <0.001
Control 10.96+1.23
FPL 0.64+0.24
NEU (10°/L) <0.001
Control 5.41+0.88
FPL 1.224+0.23
LYM (10°L) <0.001
Control 3.94+0.52
FPL 0.12+0.03
MON (10%L) <0.001
Control 0.84+0.12
FPL 0.28+0.06
EOS (10%L) <0.001
Control 0.76+0.11
FPL 12.02+£2.29
RBC (10%/L) 0.32
Control 8.81+0.95
FPL 37.64+2.70
HCT (%) 0.85
Control 36.7543.63
FPL 228.27+41.12
PLT 10%L 0.36
Control 297.17+64.50

WABC: Total leukocytes, RBC: Erythrocytes, PLT: Platelets, HCT: Haemotocrit, HGB: Haemoglobin, NEU: Neutrophils,
LTM: Lymphocytes, MON: Monocytes, EOS: Eosinophils, SE: Standard error, FPL: Feline panleukopenia

Biochemical anaylses resulted in no
significant changes in ALT, AST, BUN and CRE
in both groups (Table 2). Only GGT was
significantly lower in the FPL group (2.03+0.59

U/L) when compared to the control group
(4.37+£0.67 U/L) (P=0.02).

Results of acute phase proteins and redox
status are given in Table 3. Cats with FPL had
serum PTX-3 concentration of 58.69+11.59
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pg/mL but the values were not detectable in the
control group as the test assay had a sensitivity
below 13.5 pg/mL. Smilarly, the serum SAA
concentration of FPL was 59.91+10.12 pg/mL
and was undetectable in the control cats due to
the sensitivity of the assay at 5 pg/mL. Although
serum CRP concentrations were higher in cases

(5.85+1.27 mg/mL) than in controls (3.46+0.81
mg/mL), this was not significant (P=0.2). Cats
with FPL experienced oxidative stress as TOS
and OSi values were significantly higher in cases
(TOS, 14.35+1.28 pmol H,0, Eg/L; OSi,
1.1740.15 AU) than in controls (TOS, 9.36+0.22
umol H202 Eq/L; OSi, 0.77+0.02 AU) (P<0.05).

Table 2. Changes in biochemical parameters between the groups.

Parameters Groups Mean+SE P value
) } FPL 83.08+13.40
Alanine aminotransferase (U/L) 0.58
Control 72.14+10.53
} FPL 22.08+1.93
Aspartate aminotransferase (U/L) 0.49
Control 24.574+3.19
FPL 2.03+0.59
Gamma glutamyl transferase (U/L) 0.02
Control 4.37+0.67
) FPL 4.99+0.39
Blood urea nitrogen (mmol/L.) 0.39
Control 5.94+0.97
) FPL 33.08+7.37
Creatine (umol/L) 0.81
Control 30.44+5.14
SE: Standard error, FPL: Feline panleukopenia
Table 3. Changes in acute phase protein and oxidative parameters measured in groups.
Parameters Groups Mean+SE P value
FPL 58.69+11.59
PTX-3 (pg/mL) -
Control ub
SAA (ug/mL) FPL 59.91+10.12
m -
He Control ubD
FPL 5.85+1.27
CRP (mg/mL) 0.20
Control 3.46+0.81
FPL 14.35+1.28
TOS (pmol H20:2 Eqg/L) 0.01
Control 9.36+0.22
FPL 1.28+0.04
TAS (mmol Trolox Eq/L) 0.33
Control 1.22+0.02
) ) FPL 1.17+0.15
OSI (Arbitary Unit) 0.02
Control 0.77+0.02

UD: Undetectable, -: No statistic was applicable, PTX-3: Pentraxin-3, CRP: C-reactive protein, SAA: Serum amyloyid
A, TOS: Serum total oxidant status, TAS: Total antioxidant status, OSI: Oxidative stress index, SE: Standard error, FPL:
Feline panleukopenia

DISCUSSION and difficulty of treatment. Studies have been

undertaken to elucidate the pathogenesis of the

Feline panleukopenia is of great concern to cat " o L
disease and thereby predict its outcome (Borkii,

owners and shelters because of its high mortality
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2016; Chowdhury et al.,, 2021; Dinger and
Timurkan, 2018; Truyen et al., 1996). In the
present study, we aimed to determine serum
levels of PTX-3, a novel biomarker for
predicting disease severity and prognosis, in cats
infected with FPV.

In the present study, the majority of cases
(75%) were in unvaccinated cats and also about
1 in 5 cases were vaccinated as reported
previously (Porporato et al., 2018), which is an
alarming finding in both circumstances, as it not
only indicates the importance of vaccination in
prevention, but also requires more attention to
the vaccine and vaccination process. The clinical
signs (anorexia,  vomiting, diarrhoea,
dehydration etc.) and haematological findings
(panleukopenia) observed were consistent with
previously reported studies (Greene 2012;
Parrish, 1995; Truyen et al., 2009). These
findings are known consequences of
pathogenesis of FPL (Greene, 2012).
Biochemical parameters also did not change
significantly as previously reported (Porporato et
al., 2018), which is unexpected given the organs
affected by FPV. It can be speculated that the
stage of the disease when the cases were
admitted to hospital which might have allowed
earlier intervention and the age of the cases
presented (mainly young adults and adults) who
might be expected to be more resistant, may have
played a role. This speculation may also be
supported by the higher survival rate (75%), as it
can be assumed that the organ damage might not
have been severe enough to cause biochemical
changes.

Like many other infectious agents FPV is also
known to cause inflammation in various host
tissues, where it causes cellular damage followed
by organ dysfunction (Aydogdu et al., 2018;
McMuichael, 2007). Oxidative stress has been
reported to be involved in cellular damage in
parvo viral infections in dogs (Aydogdu et al.,
2018). This was also the case in our study, as a
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reflection of oxidative stress TOS and OSi levels
were significantly higher in FPL cats when
compared to healthy cats. Similarly Khoshvaghti
and Nojaba (2022) reported decreased
antioxidants (gluthatione peroxidase, vitamin D)
and increased malondialdehyde an indicator of
cell wall damage in FPV infected cats. These
findings may further support the idea that
oxidative stress may play a key role in the
pathogenesis of FPL.

Previous studies have shown that infectious
agents induce an acute phase response in the
host, leading to an increase in serum acute phase
proteins such as PTX-3, SAA, CRP and
haptoglobulin, in an attempt to limit
inflammation and tissue damage and to
eleminate infectious agents (Bastrup-Birk at al.,
2013; Ceron et al., 2005; Gokge et al., 2009;
Hamed at al., 2017; Liu et al., 2014; Paltrinieri
2007, Reading et al., 2008; Perez, 2019; Petini et
al.,, 2020; Schmidt and Eckersall 2015).
Therefore, acute phase proteins are commonly
used to determine the diagnosis and prognosis of
many infectious diseases (Ceron et al., 2005;
Gokge et al., 2009; Liu et al., 2014; Hamed at al.,
2017; Perez, 2019). A previous study by Petini
and colleagues (2020) reported higher
concentrations of haptoglobulin and SAA in
surviving cats with FPL, but CRP was not
markedly changed, but a study by Giilersoy and
colleagues (2023) reported higher serum CRP
levels in FPL cases than control. Similar results
were found in our study, where cats diagnosed
with FPL had significantly higher levels of SAA,
but this increase was not significant for CRP.

In the present study, PTX-3 was measured for
the first time in cats with FPL. Serum PTX-3 was
higher in the diseased cats than in the control cats
in which PTX-3 was undetectable. The increase
in serum PTX-3 was consistent with the previous
studies conducted in other species (Aygiin and
Yildiz, 2018; Hamed et al., 2017; Kog, 2021;
Ramery et al., 2010; Townsend and Singh, 2021,
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Wang et al., 2020). PTX-3, a multifactorial acute
phase protein, is synthesised and released during
inflammation induced by various factors,
including infectious agents. PTX-3 synthesis and
release is initiated by proinflammatory cytokines
(IL-1B, TNF-a), lipopolysaccharide (LPS),
various microbial moites and microorganisms
(Kunes et al., 2012). During the inflammatory
process PTX-3 activates the classical, alternative
and lectin pathway of the complement system
(Giinast1 et al., 2017). PTX-3 recognises most
microorganisms including viruses and activates
a number of antimicrobial effector mechanisms.

Its interaction with P-selectin in the
inflammatory response plays an
immunoregulatory  role and  modulates

complement system activation (Foo et al., 2015).
In sepsis, a condition that can lead to multiple
organ failure, as in FPL, PTX-3 is thought to play
a major role in early diagnosis and follow-up of
the disease process, as PTX-3 is not affected by
IL-6, serum PTX-3 levels reflect the severity of
the infection and are less affected by other
inflammatory effects that may develop
simultaneously (Aygin and Yildiz, 2018;
Hamed et al., 2017).

The main limitations of this study were the
limited number of sick and healthy cats, the
inappropriate sensitivity threshold of the ELISA
kit to determine PTX-3 levels in healthy cats,
which made it impossible to compare PTX-3
levels between cases and controls, and the
undefined PTX-3 levels in cases during and after
treatment, which made it impossible to evaluate
treatment outcome The lack of comparable data
is another drawback as this is the first study in
this area.

CONCLUSION

In conclusion, the serum concentrations of PTX-
3, an acute phase protein, were increased in cats
infected with FPV and that PTX-3 levels may be
associated with oxidative damage in these cases.
Further clinical studies with large numbers of
infected cats are needed to clarify these findings

and to use PTX-3 as a reliable biomarker in FPV-
infected cats.
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The impact of gender on growth performance, live weight
gain, and survival rate in Pekin ducks

ABSTRACT

This study aimed to investigate the effect of gender on growth performance, live weight
gain, and survival rate in Pekin ducks raised in a family-type farm in Kars province. A
total of 150 ducklings (62 males, 88 females) were observed from day one. Weight
measurements were recorded regularly, and mortalities were noted for survival rate
analysis. No significant gender differences were observed in live weight up to 10 weeks
of age, indicating comparable growth rates initially. However, at 10, 13, and 16 weeks,
male ducks had higher live weights compared to females. Daily live weight gains were
significantly higher during the first two weeks, with a decreasing trend as the ducks
grew older. Gender significantly affected daily weight gains during the initial two
weeks. The influence of gender on weekly live weight gains was not statistically
significant. Live weight gains decreased over time, while overall live weight increased.
Regression models indicated higher growth rates in males. Survival rates remained high
throughout the 16-week period, with no significant difference between genders. The
hazard ratio analysis suggested no substantial difference in mortality risk between male
and female ducks. In conclusion, gender influenced live weight and daily weight gains
in Pekin ducks, with males generally exhibiting higher weights. However, gender did
not significantly affect average live weight gain and survival rates.

Keywords: Gender, growth performance, live weight gain, Pekin duck, survival

NTRODUCTION

Ducks, especially Pekin ducks, hold significant importance as a

commercial poultry species in the global market. The meat duck

industry has experienced rapid growth, witnessing a substantial
surge in recent years. Asia, France, Myanmar, the United States, and the
United Kingdom are among the leading regions in duck meat production.
Pekin ducks, known for their rapid growth, are widely bred due to their
ability to quickly reach the desired market weight. On the other hand,
Muscovy ducks have a slower growth rate, lower fat content, and exhibit
variations in body weight based on gender (Chen et al., 2021; Huang et al.,
2012). The growth and development of Pekin ducks, the most widely used
domestic duck breed in commercial settings, are influenced by various
factors (Cherry & Morris, 2008; Debnath, 2022; Su, 2022). Genetics,
nutrition, environment, and management practices all play a crucial role in
their growth. Genetic factors significantly impact growth, body
composition, bone development, muscle mass, and feather structure.
Nutrition, including a balanced diet with adequate protein, energy, vitamins,
and minerals, is vital for optimal growth. Environmental factors such as
temperature, humidity, air quality, and lighting also affect growth. Providing
favorable conditions reduces stress and promotes healthy growth (Cherry &
Morris, 2008; Debnath, 2022; Jalaludeen & Churchil, 2022).
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Impact of gender on growth performance in ducks

When provided with the appropriate genotype
and optimal conditions, Pekin ducks can achieve
an average weight of 3.3 to 3.7 kg at 6-8 weeks of
age. This represents a substantial weight gain
within a relatively short time frame. Additionally,
the feed conversion ratio has been improved to a
range of 1.88 to 1.97, indicating a more efficient
utilization of feed for weight gain. These
improvements in growth performance are the
result of continuous selection and breeding
programs that prioritize traits associated with
rapid growth and enhanced feed efficiency. The
objective is to meet the market demand for larger,
well-developed ducks within a shorter production
cycle. The ongoing enhancements in the growth
performance of Pekin ducks highlight the
importance  of  genetic  selection and
advancements in the poultry industry. Not only
have these developments increased productivity,
but they have also contributed to the economic
viability of Pekin duck farming (Debnath, 2022;
Huang et al., 2012; Jalaludeen & Churchil, 2022;
Su, 2022).

The aim of this study is to investigate the effect
of gender on growth performance, live weight
gain, and survival rate in Pekin ducks raised in a
family-type farm located in Kars province,
Tiirkiye. The study aims to determine potential
differences in growth and live weight gain based
on gender and provide better insights to breeders.
Additionally, the impact of gender on the survival
rate of ducks will also be evaluated. The obtained
results will guide practical applications for farm
owners and researchers engaged in Pekin duck
farming.

MATERIALS AND METHODS
Location

The study was conducted in the province of Kars,
which is located at coordinates 40°36'18"N and
43°5'48"E, at an altitude of 1760 meters above
sea level. Kars province is situated in the
easternmost region of Tiirkiye and shares a
border with Armenia.

Animal and feeds

In the conducted study, a cohort of 150 Pekin
ducks was examined, comprising 62 males and
88 females. The ducklings, which were only one
day old, were placed in heated brooder batteries
with continuous lighting, ensuring consistent
environmental conditions for all individuals. The
male and female ducklings were subsequently
relocated to floor pens equipped with deep
bedding, where they were provided with wooden
shavings measuring approximately 8-10 cm in
thickness as their bedding material. The pens
maintained a stocking density of 4 ducklings per
square meter.

Starting from the second week onwards, the
ducklings were exposed to a light-dark cycle
consisting of 16 hours of light followed by 8
hours of darkness each day. Initially, during the
first week, the ambient temperature was
carefully set at a range of 32-34°C.
Subsequently, over subsequent weeks, the
temperature gradually decreased by
approximately 3-5°C per week. By the
conclusion of the 28-day period, the ambient
temperature was successfully reduced to a
minimum level of 19-20°C. Subsequently, the
ducklings were transferred to an environment
with free-range access, providing them the
opportunity to explore and grow in a more
unrestricted setting.

All ducks were fed ad libitum diets during the
initial four weeks, containing 22% crude protein
and 3000 kcal/kg of metabolizable energy.
Subsequently, from weeks 5 to 16, ducks were
subjected to restricted feeding (Cherry, 1993)
with diets containing 18% crude protein and
3100 kcal/kg of metabolizable energy. This
approach adhered to the conventional method
employed by the farmers (Debnath, 2022),
without any modifications or supplementation.
Throughout the entire experimental period,
ducks had ad libitum access to water.

The live weights of ducklings were measured
every two weeks during the initial four-week
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period following hatch, and then every three
weeks until they reached 16 weeks of age. These
weight measurements were conducted to
determine their growth progress. Additionally,
any mortalities that occurred during the
respective periods were recorded to calculate the
survival rate, thereby assessing the overall health
and viability of the ducklings in the study.

Statistical analyses

The normal distribution of the data was assessed
visually through histogram and Q-Q plot
methods, as well as statistically tested using the
Kolmogorov-Smirnov test based on the
sampling weeks. This comprehensive analysis
confirmed that the data exhibited a normal
distribution, ensuring the validity of subsequent
parametric statistical tests. To determine the
effects of gender on the daily or weekly live
weight gains and their impact on growth
performance, a two-way analysis of variance
(ANOVA) was employed. The significance of
differences identified through the ANOVA in
multiple comparisons was assessed using the
Tukey post hoc test. Data obtained only from
surviving animals after hatch were included in
the analyses. Linear regression models and
Gompertz growth curve models were developed
to examine the relationship between gender and
live weights. Additionally, Kaplan-Meier
survival curve analysis was conducted by
recording the outcomes of deaths and survivals
according to sampling weeks. The statistical
software GraphPad Prism® version 9.5.1
(GraphPad Software Inc., San Diego, CA, USA)
was utilized for performing the analyses. The
data were presented as mean + standard error of
the mean (SEM), and statistical significance was
determined at a threshold of P < 0.05.

RESULTS

Detailed information regarding the mean live
weights of Pekin ducks at different weighing
weeks can be found in Table 1.

VetBio, 2023, §(2), 159-167

The average hatching weights of male and
female Pekin ducklings were found to be 47.5 +
0.8 g and 45.7 £ 0.5 g, respectively (P > 0.05,
Table 1). Interestingly, there was no statistically
significant difference between male and female
ducks up to 10 weeks of age, indicating
comparable growth rates during this early stage
(Figure 1A, P > 0.05). However, a two-way
analysis of variance revealed that gender had a
significant impact on the overall live weight of
Pekin ducks (P < 0.001, Figure 1A). Moreover,
at 10, 13, and 16 weeks, there were notable
differences in live weights between male and
female ducks (P < 0.05, Figure 1A). By the 16th
week, male Pekin ducks exhibited an average
live weight 0f 2142.3 + 30.6 g, while their female
counterparts weighed an average of 2049.0 +
23.1 g (Table 1).

The average daily live weight gains varying
with the weighing weeks in Pekin ducks are
provided in Table 1. During the first two weeks
of their growth, Pekin ducklings exhibited
significantly higher daily live weight gains
compared to the subsequent sampling weeks
(Table 1). However, as they advanced in age,
there was a noticeable trend of decreasing daily
weight gain. Notably, a two-way analysis of
variance revealed that the gender of Pekin ducks
had a significant impact on their daily live
weight gain (P < 0.001, Figure 1B). Specifically,
male and female ducklings displayed statistically
significant differences in their daily weight
gains, particularly during the initial two-week
period (P < 0.05, Figure 1B).

Investigating the influence of gender on the
average daily live weight gain across weighing
week intervals (Figure 1C) and the weekly live
weight gains (Figure 1D) in Pekin ducks, it was
determined that gender did not exhibit a
statistically significant effect (P > 0.05).
However, the data revealed a noteworthy surge
in live weight gains during the initial two weeks
of growth (Table 1).
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Impact of gender on growth performance in ducks

Table 1. Growth performance and changes in live weight gain in Pekin ducks according to weighing weeks.

Mean = SEM
0 475+0.8
2 747.7+18.3
= 4 971.4+24.9
2 7 1303.8 + 28.4
.%) 10* 1633.9 +34.1
13* 1881.2 +33.5
16* 2142.3+30.6
£ 0-2* 50.0+1.3
gog 0-4 33.0+0.9
23 = 0-7 256+ 0.6
— =
22 L 0-10 22.7+05
83T
P 0-13 20.1+0.4
=
= 0-16 18.7+0.3
c 0-2 50.0+1.3
[+
;’ 2-4 16.3+0.9
§ 4-7 153+ 1.0
® 7-10 15.6+0.9
> 10-13 11.9+1.0
[
al 13-16 123+11
» 0-2 699.8 = 17.9
=
= 2-4 227.8+13.0
2
e c 4-7 320.9+205
=
o 7-10 328.1+18.4
X
§ 10-13 249.7 +21.4
13-16 264.2 + 232

n Mean + SEM n
62 45.7+0.5 88
57 699.7 +£13.8 83
57 924.1+194 81
56 1233.2 £20.4 79
55 1531.9+£26.5 76
54 1788.2 +£25.3 74
53 2049.0 £23.1 74
57 46.7+ 1.0 83
57 31.4+0.7 81
56 242+0.4 79
55 21.2+0.4 76
54 19.2+0.3 74
53 17.9+0.2 74
57 46.7+1.0 83
56 16.4+0.8 80
56 14.1+0.6 79
55 145+ 0.6 76
54 11.8+0.8 74
53 125+1.0 74
57 653.9+13.8 83
56 229.6 +11.9 80
56 296.6 +12.5 79
55 305.0+12.5 76
54 247.9+159 74
52 270.7+19.9 72

SEM: Standard error of mean. *: Indicates a statistically significant difference between genders within the same line (P

<0.05).

Despite the implementation of restricted feeding
practices in traditionally reared Pekin ducks
under family farm conditions, the study observed
continuous growth and live weight gain over the
16-week period (Table 1). Notably, as time
progressed, the rate of live weight gain exhibited
a declining trend, while the overall live weight of
the ducks continued to increase.

Based on the weighing weeks, the regression
coefficient for males was higher than that for
females in both the linear regression model

(Figure 2A) and the Gompertz growth model
(Figure 2B). These models revealed the
influence of age on live weight gain. Notably, as
age increased, the patterns of live weight gain
became more apparent. Furthermore, the gender-
specific formulas obtained for age-related
changes are presented in Figure 2.

The Kaplan-Meier survival curve illustrates the
survival rates of male and female Pekin ducks
from the day of hatching to 16 weeks of age
(Figure 3).
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Figure 1. The growth performance (A), the daily live weight gain until the weighing week (B), daily live weight gain (C),
and weekly live weight gain (D) of Pekin ducks across different weighing weeks. Our findings revealed a significant
impact of gender on the growth performance of Pekin ducks. Specifically, at weeks 10, 13, and 16, male Pekin ducks
exhibited higher live weights compared to females, and this difference was statistically significant (A). Additionally, the
initial two-week period emerged as a crucial phase for live weight gain, characterized by substantial increases in weight.

Moreover, our analysis suggested that gender could play a role in influencing live weight gain (B). Notably, there was a
statistically significant difference in live weight gain between genders during the initial two weeks (B). *: P < 0.05
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Figure 2. Growth curves of live body weight for male and female Pekin ducks according to linear regression model and
Gompertz growth model.
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The probability of survival gradually declines
as the ducks approach the 16-week ages.
However, the statistical analysis reveals that
there is no significant decrease in survival rates
throughout the 16-week period following
hatching. At the conclusion of the 16-week
timeframe, the survival rates were observed to be
86.9% for males and 84.2% for females, with no
statistically significant difference between the
genders (P > 0.05, Figure 3). Furthermore, the
hazard ratio was calculated as 0.8195, with a
95% confidence interval ranging from 0.3458 to
1.942 and P-value was determined as 0.66. These
findings suggest that there is no substantial
difference in the risk of mortality between male
and female Pekin ducks during the observed
period.

Survival rate
100

-== Male
96 -=- Female
E—
P>0.05
o 92 L]
88 |
84_ _|_.-
1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Week

Figure 3. The Kaplan-Meier survival curve illustrates the
survival rates of Pekin ducks from hatch to 16 weeks of
age. The analysis reveals that there is no substantial
decrease in survival rates over the 16-week period
following hatch, indicating a relatively stable survival
trend during this duration. The hazard ratio is calculated as
0.8195, with a 95% confidence interval ranging from
0.3458 to 1.942 and P = 0.66.

DISCUSSION

Ducks play a vital role in the agricultural systems
of many developing countries, where they
contribute significantly to meeting daily protein
requirements and generating additional income
for farming households. Typically, duck farming
is primarily undertaken by family members,
especially in rural areas. However, there has
been a noticeable decline in duck farming in
recent years. This decline can be attributed to
various factors, including natural feed resources,
the depletion of natural water sources, and the

excessive use of pesticides in agricultural fields.
The conservation and sustainable management
of ducks and other waterfowl are crucial for
ensuring global food security (Jalaludeen &
Churchil, 2022; Pingel, 2011). In many regions,
duck farming continues to be carried out in a
traditional system; it is reported that location-
specific technological interventions are needed
to improve the existing practices (Debnath,
2022; Rahman et al., 2017). We conducted this
study in a small-scale family farm located in
Kars province, aiming to assess the growth
performance, daily live weight gain, and survival
rates of Pekin ducks raised under a free-range
system using traditional methods. For the first
four weeks, the ducks were provided with
unlimited access to feed, followed by a transition
to restricted feeding based on traditional farm
practices until they reached 16 weeks of age.
Importantly, we maintained a hands-off
approach to the feeding regime throughout the
study. It was observed that in family farms in the
Kars region, feeding of ducks can continue until
20 weeks of age, after which they are slaughtered
(Sar1 et al., 2012).

In various studies on Pekin ducks, the average
live weight at different ages has been
documented. For instance, at 6 weeks of age, the
reported average live weight ranges from 1214-
1218 g (Zhang et al., 2018) to 2812-2904 g (Yan
et al., 2020). Similarly, at 7 weeks of age, the
average live weight is documented as 1692-1785
g (Isgiizar, 2006) to 3281-3461 g (Abo Ghanima
et al., 2020), while at 8 weeks of age, it ranges
from 2364-2568 g (Sari et al., 2013). At 10
weeks of age, the average live weight is reported
as 1347-2143 g (Osman, 1993), and at 20 weeks
of age, it ranges from 2457-2346 g (Sar et al.,
2012). In modern farms with ad libitum feeding,
it is noted that Pekin ducks can reach an average
live weight of 3.27-3.55 kg by 42 days of age
(Cherry & Morris, 2008; Debnath, 2022;
Jalaludeen & Churchil, 2022; Su, 2022).
However, our study observed that the average
live weight at 16 weeks of age ranged from 2049
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to 2142 g, which is noticeably lower than the
average values reported for modern farming at 6
or 7 weeks of age. It is worth mentioning that
studies with limited feeding, similar to ours, have
reported live weight ranges of 1792-2007 g at 12
weeks of age (Isguzar et al., 2002) and
approximately 2.4 kg at 16 weeks of age (Cherry,
1993). The differences in live weight observed in
our study can be attributed to both the variations
in feeding methods and the fact that the ducks
were raised under a free-range system.
Additionally, it is important to consider that the
growth performance of Pekin ducks can be
influenced by the specific genotypes used in the
studies.

In our study, we investigated the impact of
gender on live weight changes in Pekin ducks
over different sampling weeks. The results
revealed a significant effect of gender on live
weight, particularly during the 10-16-week
period, where male ducks exhibited higher live
weights compared to females. Additionally,
male ducklings showed higher daily live weight
gain in the first two weeks of the study. These
results are consistent with previous studies
(Erdem et al., 2015; Isguzar et al., 2002; Sari et
al., 2013; Tigh et al., 1991) that have reported
gender-related differences in live weight, with
male Pekin ducks generally having higher
weights at slaughter time. Moreover, similar to
our findings, it has been observed that gender can
influence live weight gain during the early weeks
after hatching (Erdem et al., 2015; Erdem &
Akcapmar, 2012; Isguzar et al., 2002). Factors
such as hatch weight and genotype are believed
to play a significant role in these gender-related
differences. Several studies conducted on Pekin
ducks have demonstrated that both genotype and
gender can impact growth performance and live
weight gain (Kokoszynski et al., 2015, 2019).
Furthermore, our study revealed a noticeable
trend of increasing body weight with age in
Pekin ducks, with significant interactions
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between age and gender. Male ducks
consistently exhibited higher weights compared
to females throughout the different weeks, and
the period of highest body weight gain was
observed to be the first three weeks of life
(Onbagilar et al., 2011). However, it is important
to note that after the initial four weeks, the
significant daily weight gains observed in the
early weeks gradually decreased. This
discrepancy in live weight gains compared to
intensive modern farming practices may be
attributed to differences in both feeding and
rearing conditions. Therefore, it is crucial to
modernize and optimize both management
practices and feeding preferences to enhance
daily live weight gains and maximize economic
benefits in Pekin duck farming.

Modeling growth curves in scientific studies
allows us to gain valuable insights into the
patterns of growth over time and provides us
with predictive equations to estimate the
expected weight of animals at different ages.
Numerous growth models have been developed
to examine the complex relationship between
age and body weight in animals (Kokoszynski et
al., 2019; Maruyama et al., 2010; Onbasilar et
al., 2011). In our study, we employed two widely
used models, namely the linear regression and
Gompertz growth models, to analyze and
forecast body weight changes over time.
Intriguingly, we observed that male individuals
exhibited a higher regression coefficient
compared to female, suggesting potential
gender-based variations in growth. Furthermore,
both models consistently demonstrated that body
weight tends to increase as animals age,
indicating the importance of considering age as

a critical factor in understanding growth
dynamics.
Under normal rearing conditions, the

mortality rates of ducks between 1-5 months of
age are approximately 10%. This mortality can
be attributed to various factors such as predator
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attacks, mycotoxin contamination in feed,
parasitic infections, pesticide levels in feed, feed
availability, and disease outbreaks like duck
plague, duck cholera, and avian influenza
(Cherry & Morris, 2008; Sankaralingam &
Mahanta, 2022). As ducks reach 8 weeks of age,
the mortality rate typically decreases to below
10%, although it may still vary within the range
of 10-20% (Sankaralingam & Mahanta, 2022). It
is noteworthy that the 0-8 week period holds
particular significance in duck farming, with
mortality rates ranging from 2-3% (Debnath,
2022). In the context of Pekin ducks, a species-
specific study reported a mortality rate of
approximately 4-9% until the day of slaughter
(Erisir et al., 2009). In the present study,
employing  Kaplan-Meier  survival curve
analysis, we observed mortality rates of 14.5%
for males and 15.9% for females. Furthermore,
our investigation underscores the crucial
necessity of meticulously monitoring the
mortality rate throughout the 16-week interval
following the hatching of Pekin ducks.
Nevertheless, gender did not exhibit a
statistically significant impact on the observed
mortality rate among Pekin ducks.

CONCLUSION

In conclusion, the gender of Pekin ducks raised in
family-type farms in Kars province has been
found to impact their growth performance.
However, no significant difference was observed
in terms of survival rate between male and female
ducks. It is worth noting that during the 16-week
monitoring period, the live weights of these ducks
were notably lower compared to the data obtained
from Pekin ducks raised in modern farms. This
difference in growth performance can be
attributed to the negative effects of traditional
methods and restricted feeding practices
commonly employed in family-type farms. To
address these challenges and improve the growth
performance of ducks in family-type farms, it is
highly recommended to provide education and
seminars on modern farming conditions and care

standards. By equipping farming families with
knowledge about optimal farming practices, they
can enhance the well-being and growth potential
of their ducks. Additionally, conducting
comparative studies in the future that encompass
both traditional and modern farming conditions
would be valuable. Such studies would highlight
the potential economic benefits that farming
families can achieve by adopting higher growth
performance practices observed in modern
farming conditions.
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