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Abstract: This study was aimed to investigate the effects of diosmin (DIO) in rats exposed to emamectin benzoate
(EB). For this purpose, a total of 60 Wistar Albino male rats, aged 6 to 8 weeks and weighing 180 to 250 g, were used,
10 in each group. The groups were determined, respectively, control, EB (10 mg kg™"), DIO (50 mg kg™'), DIO (100 mg
kg™), EB (10 mg kg™') + DIO (50 mg kg™), EB (10 mg kg™') + DIO (100 mg kg™"), and the indicated doses were applied
by gavage for 21 days. At the end of the trial period, a heart puncture was performed under anesthesia and blood sam-
ples were taken into tubes with heparinized and anticoagulant-free properties. The liver, kidney, brain, testis, heart and
lung tissues were removed after cervical dislocation. While some biochemical markers, such as aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), triglyceride,
cholesterol, total protein, albumin, uric acid, blood urea nitrogen (BUN) and, creatinine were assessed in the serum,
oxidative stress indicators, such as MDA, NO, SOD, CAT, GSH-Px, GR, GST, and GSH, were determined in tissue
samples. At the end of the investigation, no changes between the parameters of the DIO groups and the control group
were discovered. Comparing the EB group to the control group, it was found that the levels of MDA and NO in tissues/
erythrocytes had significantly increased. The activity of the GSH, GR, GST, SOD, and CAT enzymes, as well as GSH
levels, was found to have decreased. Furthermore, serum total protein and albumin levels were reduced, although
AST, ALT, ALP, LDH, cholesterol, triglyceride, BUN, uric acid, and creatinine levels/activities were elevated. Depend-
ing on the dose, it was found that the values of the groups coadministered with EMB and DIO were close to those of
the control group. In conclusion, it is proposed that DIO could provide protection against EMB-induced toxicity in rats.
Keywords: Emamectin benzoate, diosmin, oxidative damage, rat

Sicanlarda Emamektin Benzoat Kaynakli Oksidatif Hasara Kargi Diosminin Koruyucu Etkilerinin Arastiriimasi
Oz: Bu galisma ile siganlarda emamektin benzoat (EB) maruziyetine karsi diosminin (DIO) etkilerinin arastiriimasi
amaglandi. Calismada her grupta 10 tane olacak sekilde toplam 60 adet 6-8 haftalik 180-250 g adirliginda Wistar Albi-
no irki erkek sigan kullanildi. Gruplar sirasiyla kontrol, EB (10 mg kg™), DIiO (50 mg kg™), DIiO (100 mg kg™"), EB (10
mg kg") + DIO (50 mg kg™), EB (10 mg kg”) + DiO (100 mg kg™) olarak belirlenerek belirtilen miktarlarda 21 giin
boyunca gavajla uygulama yapildi. Deneme siresinin sonunda anestezi altinda kalbe punksiyon yapilarak heparinize
ve antikoagulansiz tliplere kan 6érnegi alindi. Servikal dislokasyon sonrasi sicanlarin karaciger, bobrek, beyin, testis,
kalp ve akciger dokulari ¢ikarildi. Serumda bazi biyokimyasal parametreler (aspartat aminotransferaz (AST), alanin
aminotransferaz (ALT), laktat dehidrogenaz (LDH), alkalin fosfataz (ALP), trigliserit, kolesterol, total protein, alblimin,
Urik asit, kan Ure azotu (BUN) ve kreatinin) olgllirken doku orneklerinde ise oksidatif stres parametreleri (MDA, NO,
SOD, CAT, GSH-Px, GR, GST ve GSH) analiz edildi. Calisma sonunda kontrol grubu ile karsilastirildiginda, DiO uygu-
lanan grubun parametrelerinde herhangi bir degisiklik tespit edilmedi. EMB uygulanan grupta kontrole kiyasla tim
dokularda MDA ile NO seviyelerinde anlamli bir artis kaydedildi. GSH diizeyleri ile GSH, GR, GST, SOD ve CAT enzim
aktivitelerinde ise azalma oldugu belirlendi. Ayrica serum AST, ALT, ALP, LDH, kolesterol, trigliserit, BUN, urik asit ve
kreatinin duzey/aktivitelerinde artis gorulurken serum total protein ve albimin dizeylerinde azalma goérildu. EB ile
DiO’nun birlikte uygulandigi gruplarin degerlerinin doza bagh olarak kismen ya da tamamen kontrol grubunun
degerlerine yaklastig: tespit edildi. Sonug olarak, DiO’nun siganlarda EMB kaynakli toksisiteye karsi koruma saglaya-
bilecegi dusunilmektedir.

Anahtar kelimeler: Emamektin benzoat, diosmin, oksidatif hasar, rat
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Diosmin to emamectin exposure...

eases, livestock from pest infestations, and people
from vector-borne diseases (e.g., Lyme disease, ma-
laria, West Nile virus). Despite their beneficial effects,
pesticides are not selective, and as a result, they
pose severe risks to people, the environment, or non-
target organisms such as beneficial soil bacteria,
insects, plants, fish, and birds (Aktar et al., 2009).

Avermectins, a class of 16-membered macrocyclic
lactones, were discovered at the Kitasato Institute in
Japan in 1967 as a natural fermentation product of
the soil actinomycete Streptomyces avermitilis (Bai
and Ogbourne, 2016). Emamectin benzoate (EB), a
semi-synthetic avermectin derivative, is used to treat
sea lice in salmon and to control lepidopteran pests
in leafy vegetables such as lettuce, broccoli, cab-
bage, and cauliflower (JECFA, 2013). EB, a neuro-
toxin, disrupts the normal function of gamma-
aminobutyric acid (GABA) like other avermectins.
The opening of GABA-gated chloride channels, trig-
gered by EB, causes increased permeability of chlo-
ride ions, resulting in a signal blockade at neuromus-
cular junctions. Previous studies have demonstrated
the toxic effects of EB on different organs, including
the liver (Khaldoun Oularbi et al., 2017), kidney
(Abou-Zeid et al., 2018), testis (Zhang et al., 2020),
and brain (Madkour et al., 2021) due to oxidative
stress.

Since ancient times, it has been common to use
plants and plant-derived phytochemicals for the treat-
ment or prevention of health issues (Patel et al.,
2013). Diosmin (DIO) is a naturally occurring flavone
glycoside that can be produced by dehydrating hes-
peridin, a flavanone glycoside, or by extraction from a
variety of plant sources, including Teucrium gna-
phalodes. DIO, which was isolated from Scrophularia
nodosa in 1925, was introduced as a therapeutic
agent in 1969 (Mustafa et al., 2022). Due to its vas-
cular protective function, it is used to treat varicose
veins, lymphedema, and chronic venous insufficien-
cy. Studies have also reported that it has many bene-
ficial effects, such as antioxidant, anti-apoptotic, anti-
ulcer, hepatoprotective, and neuroprotective activity
(Gerges et al., 2022).

A number of studies on the effectiveness of several
natural products, including vitamin C (Khaldoun Ou-
larbi et al., 2017), pumpkin seed oil (Abou-Zeid et al.,
2018), and Nigella sativa oil (Madkour et al., 2021),
against oxidative stress and lipid peroxidation caused
by EB are available in the literature. It has been
demonstrated that diosmin protects against a variety
of substances, including methotrexate (Abdel-Daim
ve ark., 2017), aflatoxin (Eraslan et al., 2017), cadmi-
um (Agir and Eraslan, 2019), lead (Bozdad and
Eraslan, 2020), and deltamethrin (Tekeli et al., 2021).
However, there was no mention of any scientific re-
port on the efficacy of DIO against oxidative stress
and lipid peroxidation induced by EB. Therefore, the
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purpose of this investigation was to evaluate the ben-
eficial role of DIO on lipid peroxidation and enzymat-
ic/non-enzymatic antioxidant status in rats exposed to
EB.

Materials and Methods
Animals and experimental design

A total of 60 Wistar albino male rats, weighing 180-
250 g and aged 6-8 weeks, were utilized in the study.
Throughout the experiment, water and commercial
pellet feed (protein 24%, fats 5.09%, cellulose 3.2%,
and a total of 3100 kcal’kg metabolic energy) were
provided to all rats ad libitum in cages made of poly-
ethylene, which were housed in accordance with
standard laboratory conditions (12-hour light/dark
cycle at 22+2 °C and relative humidity of 45-55%).
Protocols for the experiments were approved by the
ERU Animal Research Ethics Committee and con-
ducted in compliance with global standards (Report
No. 19/051). On the basis of prior research, the EB
(Khaldoun-Oularbi et al., 2017) and DIO (Abdel-Daim
et al., 2017) dose administered to rats were deter-
mined. Corn oil, a commercially available product that
is not an analytical standard, was utilized as a vehicle
substance. Rats were administered suspensions of
EB and DIO in corn oil to construct identical circum-
stances. A total of six groups of ten rats each were
designed at random. The first group was identified as
a control, and 1 ml kg™ body weight (BW) of the corn
oil was administered orally for 21 days. The other
groups received continuous oral administration of EB
(10 mg kg”.BW day™), DIO (50 mg kg".BW day™),
DIO (100 mg kg™.BW day™), DIO (50 mg kg™'.BW day
!y with EB (10 mg kg™'.BW day™), and DIO (100 mg
kg'.BW day™") with EB (10 mg kg”'.BW day™), re-
spectively, for a total of 21 days.

Sampling and preparation for laboratory meas-
urements

At the end of the trial period, the rats in all groups
were anesthetized with a combination of ketamine-
xylazine intraperitoneally under the same conditions.
Subsequently, blood samples were taken into tubes
with heparinized and anticoagulant-free properties by
puncturing the heart. After that, cervical dislocation
was applied to sacrifice. The serum samples were
separated from the blood samples in the anticoagu-
lant-free tubes by centrifugation at 3000 rpm for 10
minutes at 4°C and analyzed on the same day. The
plasma-containing supernatant was carefully separat-
ed after centrifuging blood samples in heparinized
test tubes at 3000 rpm for 10 minutes (min) at 4°C.
The buffy coat was removed from the remaining
phase, and the erythrocytes were washed three times
in normal saline (0.9% NaCl). For this process, the
mixture was centrifuged at 2000 g for 5 min, and the
supernatant was discarded. The erythrocytes were
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diluted with an equal volume of normal saline before
being stored at -80°C. Before analysis, erythrocytes
were hemolyzed 1:5 with ice-cold distilled water. The
brain, heart, kidney, liver, lung, and testis tissues
were quickly dissected, and blood clots were elimi-
nated by washing the organs in 0.9% NaCl solution.
Using a homogenizer (Silent Crusher M, Heidolph),
tissues were homogenized 1:5 in cold phosphate
buffer (pH 7.4) on ice before being centrifuged for 60
minutes at 10000 rpm at 4°C. In order to measure
tissue enzymatic or non-enzymatic antioxidants and
lipid peroxidation, supernatants were transferred to
Eppendorf tubes and stored in a deep freezer (-80°
C).

Measurement of serum biochemical parameters

A Roche Cobas C 8000 autoanalyzer and the same
brand kits were used for the determination of serum
triglyceride, cholesterol, albumin, total protein, BUN,
uric acid and creatinine levels, and LDH, AST, ALT
and ALP enzyme activities.

Measurement of lipid peroxidation and enzymatic/
non-enzymatic antioxidant parameters

The spectrophotometric method described by Lowry
et al. (1951) was applied to measure the protein lev-
els in tissue homogenates. According to the proce-
dures of Habig et al. (1957), Paglia and Valentine
(1967), and Carlberg and Mannervik (1985), glutathi-
one S transferase (GST), glutathione peroxidase
(GPx), and glutathione reductase (GR) activity in
tissues/esrythrocyte was analyzed, respectively. In
terms of nmol/min/g protein or mg hemoglobin, en-
zyme activity was expressed. By using the Sun et al.
(1988) technique, the enzyme activity of superoxide
dismutase (SOD) in tissues/esrythrocyte was quanti-
fied and expressed as U/g protein or mg hemoglobin.
The Luck (1965) method was utilized to determine
the catalase (CAT) enzyme activity in tissues/
esrythrocyte, and was presented as katal/g protein or
mg hemoglobin. The amounts of reduced glutathione
(GSH), malondialdehyde (MDA), and nitric oxide
(NO) in tissues/esrythrocyte/plasma were tested by
Sedlak and Lindsay (1968), Ohkawa et al. (1979),
and Tracey et al. (1995), respectively. These data
were stated in nmol per g protein or mg hemoglobin.

Statistical analysis

The research data were statistically analyzed utilizing
SPSS 21.0 statistical program. The data were ex-
pressed as arithmetic mean and standard deviation.
The conformity of the variables to the normal distribu-
tion was evaluated with the Kolmogrov-Smirnov test.
The homogeneity of variances was assessed by
Levene's test. One-way analysis of variance (one-
way ANOVA) was utilized to assess the statistical
difference. The Welch test was utilized to assess the
difference between the groups in situations when the
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homogeneity of variance assumption was rejected.
Statistical differences between the groups were eval-
uated with the Tukey test in situations where there
was homogeneity of variance and with the Games
Howell test in situations where the homogeneity of
variance assumption was not maintained. Data were
regarded significant at P<0.05.

Results

The biochemical and oxidative stress parameters
assessed in all samples were compared between the
control and diosmin-treated groups, but no statistical-
ly significant difference was found (P>0.05) (Table 1-
3).

When compared to the control group, the group ex-
posed to EB showed a significant reduction in tissue/
esrythrocyte GSH levels and GPx, GR, GST, SOD,
and CAT enzyme activity, as well as a significant
increase in plasma/tissue MDA and NO levels
(P<0.05). In comparison to the control group, addi-
tionally, it was also observed that serum total protein
and albumin levels were lower, but AST, ALT, ALP,
LDH, cholesterol, triglycerides, BUN, uric acid, and
creatinine activities/levels were higher (P<0.05)
(Table 1-3).

It was discovered that the group co-administered with
EMB and DIO (50 mg kg”) had lower plasma and
tissue MDA levels than the group exposed to EB
(P<0.05). Similarly, all tissues other than plasma
showed a significant reduction in NO levels (P<0.05).
The GSH level was higher in the other tissues than in
the EB group, with the exception of the heart, lung,
and plasma tissues (P<0.05). Compared to the EB
group, a significant increase was observed in GPX
activity in plasma and tissues other than heart tissue
(P<0.05). Comparatively to the group exposed to EB,
CAT and GR activity increased in all tissues
(P<0.05). Except for the liver, all tissues displayed a
considerable increase in GST activity (P<0.05). Ex-
cept for cardiac tissue, SOD activity increased in tis-
sues and erythrocytes (P<0.05). Serum total protein
and albumin levels increased in comparison to the
EB group, but AST, ALT, ALP, LDH, cholesterol, tri-
glyceride, BUN, and uric acid levels and activities
decreased (P<0.05). Along with this, it was deter-
mined that the CAT, SOD, GPX, and GR enzyme
activities in liver tissue, the SOD and GR enzyme
activities in kidney tissue, and the LDH, AST, and
ALT enzyme activities in serum were close to those
of the control group (P>0.05) (Table 1-3).

All oxidative stress and biochemical stress parame-
ters altered by EB exposure were either completely
or partially reversed in the group co-administered
with EMB and DIO (50 mg kg™'). Additionally, it was
determined that the levels/activities of GSH, MDA,
NO GPX, GR, GST, SOD, and CAT in liver tissue,
the SOD MDA, NO, GPX, GR, and GST in kidney
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tissue, NO, GSH, GPX, GST, and SOD in heart tis-
sue, GSH, GR, and GST in testis tissue, NO, GST,
and CAT in plasmalesrythrocyte and the albumin,
creatinine, uric acid, LDH, AST, and ALT in serum
were close to those of the control group (P>0.05)

(Table 1-3).

The changes in all biochemical and oxidative stress
parameters investigated in the combination groups
were dose-dependent.
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Table 1. Effects of DIO treatment on the levels/activities of AST, ALT, LDH, ALP, triglyceride, cholesterol, total
protein, albumin, uric acid, BUN and, creatinine in serum of EB-exposed rats

Parameters Groups
Control EB DIO50 DIO100 EB+DIO50 EB+DIO100
?r:;dl) 16.5¢1.6° 21.6£1.2° 17.0£0.8% 16.5+£0.9° 19.5¢£1.0° 18.1+1.5"
P<0.001 P=0.898 P=1.000 P<0.001 P=0.031
g;:l‘}';il')‘i"e 0.3120.03% 0.370.03° 0.310.02° 0.310.01° 0.3440.02% 0.3340.02%°
P<0.001 P=0.997 P=1.000 P<0.001 P<0.001
?r;i;,:l;’id 0.94+0.19° 1.74+0.27° 1.00£0.24% 1.2240.25% 1.32+0.36" 0.99+0.25%
P<0.001 P=0.996 P=0.181 P=0.024 P=0.998
(ng/'zf)e"de 98.8+17.2° 172.4429.2° 104.3£16.6%°  117.9+29.9%° 142.2417.9° 130.8+13.0%
P<0.001 P=0.993 P=0.371 P=0.001 P=0.020
g:g,'j;tem' 59.545.5° 98.6+7.8° 64.3£4.06° 61.0+3.94° 82.95.74° 75.45.66°
P<0.001 P=0.404 P=0.991 P<0.001 P<0.001
:-lIJ)I::I) 1514.8+115.9™  1966.9+98.7° 1456.9+96.1° 1441.2+100.8° 1622.9+125.5°  1574.24127.2%°
P<0.001 P=0.853 P=0.680 P=0.269 P=0.839
aJSIE) 106.8+6.5° 129.9+10.2¢ 102.5£5.0%° 99.3+9.3° 116.1£8.2° 111.8£9.8"
P<0.001 P=0.860 P=0.356 P=0.149 P=0.766
ﬁJL/I) 41.2+¢4.7%° 52.0+3.0° 39.4+2.8° 40.4+3.5% 47.4£3.2° 44.8+2.4°°
P<0.001 P=0.835 P=0.995 P=0.002 P=0.175
aJL/IF-,) 253+13.4° 346+22.5° 264£19.1° 257+17.5° 207+22.6° 200+13.4°
P<0.001 P=0.744 P=0.993 P<0.001 P=0.001
(Tm°§;'dl) Protein 7 38+0.15° 5.67£0.10° 7.36£0.27° 7.1940.12° 6.30£0.10° 6.55£0.19°
P<0.001 P=1.000 P=0.165 P<0.001 P<0.001
f‘nz";‘,‘g?)i“ 4.85£0.36% 3.670.20° 4.95£0.30° 5.02+0.25° 4.30£0.27° 4.45£0.42
P<0.001 P=0.972 P=0.808 P=0.003 P=0.060

The mean + standard deviation is used to express the data. A statistically significant difference (P<0.05) between groups is
indicated by different superscripts (a, b, and c) in the same row.
Groups: Control, corn oil; EB, emamectin benzoate (10 mg kg™'.BW day™); DIO50, diosmin (50 mg kg™'.BW day™); DIO100,
diosmin (100 mg kg'.BW day™"); EB+DIO50, emamectin benzoate plus diosmin (50 mg kg”'.BW day”); EB+DIO100,
emamectin benzoate plus diosmin (100 mg kg™'.BW day™).

79



Erciyes Univ Vet Fak Derg 2023; 20(2): 76-85 Muhammet Yasin TEKELI

Table 2. Effects of DIO treatment on the levels/activities of MDA, NO, CAT, and SOD in liver, kidney, brain,
testis, heart and lung tissues, and erythrocytes/plasma of EB-exposed rats

Parameters
el Ll MDA nmol/mg P NO nmol/img P SOD Ulg P CAT kig P or mg Hb
Kontrol 2.04+0.31° 3.54+0.53° 0.14+0.02° 601.6+24.57°
EB 3.83+0.58° 5.23+0.55° 0.07+0.02° 524.5+18.0°
P<0.001 P<0.001 P<0.001 P<0.001
DIO50 2.09+0.412 3.48+0.61° 0.12+0.05° 611.0£29.8%
Liver P=1.000 P=1.000 P=0.223 P=0.923
DIO100 1.99+0.52° 3.40+0.53° 0.13+0.02° 616.2+18.9°
P=1.000 P=0.989 P=0.803 P=0.662
EB+DIO50 2.83+0.55° 4.31+0.45° 0.11+0.01° 575.3+14.7°
P=0.006 P=0.014 P=0.137 P=0.104
EB+DIO100 2.45+0.43%* 4.05+0.32%° 0.11£0.02° 584.2+24.2>
P=0.380 P=0.234 P=0.155 P=0.496
Kontrol 1.21+0.28° 4.38+0.38%° 0.24+0.02° 730.7+90.6°
EB 2.40+0.31° 6.04+0.55° 0.19+0.02° 316.6+41.6°
P<0.001 P<0.001 P<0.001 P<0.001
DIO50 1.260.212 4.34+0.70%° 0.25+0.03° 712.6+118.9%°
Kidney P=0.999 P=1.000 P=1.000 P=0.998
DIO100 1.17+0.27% 4.26+0.37° 0.24+0.02° 752.3+97.1°
P=1.000 P=0.997 P=0.950 P=0.994
EB+DIO50 1.760.31° 5.10+0.76° 0.22+0.02° 538.6+88.8°
P<0.001 P=0.066 P=0.337 P<0.001
EB+DIO100 1.48+0.25% 4.94+0.56*° 0.23+0.02° 600.9+76.9™
P=0.219 P=0.260 P=0.588 P=0.022
Kontrol 1.67+0.20° 2.14+0.29° 0.29+0.02° 355.1+51.3°
EB 3.72+0.16° 3.75+0.32° 0.13+0.03° 142.3+33.8°
P<0.001 P<0.001 P<0.001 P<0.001
DIO50 1.64+0.18% 2.10+0.37° 0.27+0.03%° 361.0£51.9°
Brain P=0.998 P=1.000 P=0.410 P=1.000
DIO100 1.84+0.172 2.12+0.22° 0.30+0.03° 337.4+49.9°
P=0.397 P=1.000 P=1.000 P=0.938
EB+DIO50 2.87+0.27° 3.19+0.18° 0.19+0.03° 230.4+28.1°
P<0.001 P<0.001 P<0.001 P<0.001
EB+DIO100 2.43+0.17° 2.87+0.29° 0.24+0.03° 268.5+36.0°
P<0.001 P<0.001 P<0.001 P<0.001
Kontrol 3.45+0.24° 2.18+0.36° 0.11+0.03? 116.7+12.9°
EB 5.25+0.32¢ 3.56+0.15° 0.06+0.02° 60.6+11.8°
P<0.001 P<0.001 P<0.001 P<0.001
DIO50 3.54+0.31° 1.88+0.25° 0.11+0.01° 108.9+5.7%
Testis P=0.988 P=0.052 P=0.998 P=0.705
DIO100 3.72+0.38%° 1.89+0.132 0.13+0.02° 119.6+13.9°
P=0.452 P=0.078 P=0.682 P=0.994
EB+DIO50 4.14+0.40™ 3.29+0.17"° 0.08+0.01° 81.2412.3°
P<0.001 P<0.001 P=0.003 P<0.001
EB+DIO100 4.22+0.30° 2.99+0.25° 0.09+0.01° 91.0+14.4°
P<0.001 P<0.001 P=0.011 P<0.001
Kontrol 2.17+0.28° 3.11+0.21° 0.17+0.02° 338.2+32.0%°
EB 4.30£0.31° 4.41+0.38° 0.10+0.01¢ 217.3+28.0°
P<0.001 P<0.001 P<0.001 P<0.001
DIO50 2.27+0.31° 3.21+0.40%° 0.16+0.02° 334.7+23.7%°
Heart P=0.098 P=0.988 P=0.825 P=1.000
DIO100 2.02+0.24° 3.10+0.34° 0.16+0.02%° 351.2+43.6°
P=0.866 P=1.000 P=0.458 P=0.932
EB+DIO50 3.210.36° 3.63+0.25° 0.12+0.02% 264.1425.4°
P<0.001 P=0.010 P<0.001 P<0.001
EB+DIO100 2.83+0.28° 3.43+0.30%° 0.13+0.02% 298.2+27.8%
P<0.001 P=0.265 P<0.001 P=0.057
Kontrol 3.34+0.36° 3.84+0.67° 0.36+0.02° 100.6+7.67
EB 5.18+0.42¢ 6.35+0.34° 0.28+0.01° 59.9+4.4°
P<0.001 P<0.001 P<0.001 P<0.001
DIO50 3.49+0.39° 3.81+0.39° 0.35+0.01° 97.2+48.7°
L P=0.908 P=1.000 P=0.867 P=0.960
DIO100 3.36+0.28° 3.78+0.37° 0.36+0.02° 103.8+12.8°
P=1.000 P=0.999 P=0.999 P=0.971
EB+DIO50 4.48+0.32° 5.59+0.52° 0.31+0.01° 73.8+10.6°
P<0.001 P<0.001 P=0.001 P<0.001
EB+DIO100 3.95+0.27° 5.04+0.33° 0.33+0.01° 78.748.2°
P=0.003 P<0.001 P=0.027 P<0.001
Kontrol 11.27+0.76° 18.00+7.40° 0.71+0.04° 2039.4+139.7%°
EB 16.12+0.79° 53.26+11.27° 0.51+0.03¢ 1469.8+145.9°
Esryth P<0.001 P<0.001 P<0.001 P<0.001
rocyte DIO50 11.68+0.85° 26.07+7.50%° 0.72+0.03° 2095.6+211.1°
s/ P=0.851 P=0.200 P=0.778 P=0.969
| DIO100 11.12+0.80° 19.71£3.73° 0.72+0.04° 1949.2+162.5%
pias- P=0.998 P=0.984 P=0.834 P=0.804
ma EB+DIO50 14.01+0.76° 37.81+13.16™ 0.58+0.03° 1715.6+107.3°
P<0.001 P=0.010 P<0.001 P<0.001
EB+DIO100 13.65+0.66° 34.64+14.14%° 0.63+0.02° 1850.6+173.1%
P<0.001 P=0.050 P<0.001 P=0.104

The mean + standard deviation is used to express the data. A statistically significant difference (P<0.05) between groups is indicated by different
superscripts (a, b, and c) in the same column.

Groups: Control, corn oil; EB, emamectin benzoate (10 mg kg™'.BW day™); DIO50, diosmin (50 mg kg™'.BW day'); DIO100, diosmin (100 mg kg’
1.BW day':); EB+DIO50, emamectin benzoate plus diosmin (50 mg kg™ .BW day™"); EB+DIO100, emamectin benzoate plus diosmin (100 mg g%
.BW day").
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Table 3. Effects of DIO treatment on the levels/activities of GSH, GPx, GR, and GST in liver, kidney, brain, testis, heart and
lung tissues, and erythrocytes/plasma of EB-exposed rats

Parameters
Sample S GSH nmol/mg P or GPX  nmol/min/g P
Kontrol 98.19+7.15° 19.25+2.30°
EB 73.88+8.18° 14.67+1.32°
P<0.001 P<0.001
DIO50 95.81+7.45° 19.30+1.61°
Liver P=0.977 P=1.000
DIO100 99.81+6.45° 19.09+2.01°
P=0.996 P=1.000
EB+DIO50 85.15+7.74° 17.45%2.07°
P=0.002 P=0.316
EB+DIO100 91.316.20% 18.26+2.13°
P=0.289 P=0.862
Kontrol 90.70+7.38° 41.54+2.93°
EB 55.66+7.39° 27.84+2.74°
P<0.001 P<0.001
DIO50 91.86+7.94° 39.57+5.74%
Kidney P=1.000 P=0.901
DIO100 90.25+9.87° 41.26+4.60°
P=1.000 P=1.000
EB+DIO50 75.35+9.19° 35.28+3.55°
P=0.001 P=0.019
EB+DIO100 77.536.57° 37.61+4.90%
P=0.008 P=0.312
Kontrol 57.34+2.11° 18.74+1.74°
EB 38.70+2.69° 11.1642.13¢
P<0.001 P<0.001
DIO50 56.30+3.33° 17.39+0.63%
Brain P=0.960 P=0444
DIO100 58.52+3.11° 18.17+1.44°
P=0.930 P=0.970
EB+DIO50 45.27+2.79° 13.71+1.08°
P<0.001 P<0.001
EB+DIO100 49.67+2.41° 16.362.19°
P<0.001 P=0.023
Kontrol 38.43+4.51° 9.94+1.00°
EB 23.54+5.65° 6.24+0.63°
P<0.001 P<0.001
DIO50 37.20+2.00% 10.49+1.25°
Testis P=0.96! P=0.824
DIO100 38.34+3.75° 10.34+1.25°
P=1.000 P=0.945
EB+DIO50 33.69+1.40° 7.97+1.11°
P=0.042 P=0.001
EB+DIO100 34.53+1.30%° 8.17+0.48°
P=0.147 P=0.003
Kontrol 72.68+11.012 15.41+1.45°
EB 43.68+13.15° 11.78+1.17°
P<0.001 P<0.001
DIO50 67.07+12.63% 14.69+1.65%
Heart P=0.860 P=0.797
DIO100 71.54+9.10° 15.51+1.27°
P=1.000 P=1.000
EB+DIO50 54.81+7.99° 13.43+0.91%°
P=0.007 P=0.011
EB+DIO100 61.28+10.90% 14.44+0.95%
P=0.201 P=0.529
Kontrol 103.72+11.25° 28.48+1.31°
EB 72.38+7.47° 20.97+1.68°
P<0.001 P<0.001
DIO50 97.47+6.83% 27.77+1.53%®
Lung P=0.578 P=0872
DIO100 98.82+4.62° 28.11+1.14°
P=0.792 P=0.984
EB+DIO50 83.30+9.84% 24.10+1.45°
P<0.001 P<0.001
EB+DIO100 87.44+9.52° 25.48+2.27"°
P=0.001 P=0.026
Kontrol 39.18+3.46° 31.62+1.60°
EB 24.3242.79° 20.94+1.45°
P<0.001 P<0.001
Esryth- DIO50 37.74+2.37° 32.01+1.52°
rocytes/ P=0.940 P=0.995
; DIO100 38.46+5.38° 31.55+2.01°
plasma P=0.997 P=1.000
EB+DIO50 28.9643.05> 25.69+1.93°
P<0.001 P<0.001
EB+DIO100 31.68+3.23° 26.42+1.52°
P<0.001 P<0.001

GR nmol/min/g P

GST _ nmol/lmin/lg P
pab

29.41+2.52°
21.08+4.06°
P<0.001
29.81+2.53°
P=1.000
29.67+3.21°
P=1.000
27.95+1.95°
P=0.871
26.13+2.88°
P=0.142
43.15+2.65%°
30.29+6.39°
P<0.001
42.94+4 33%°

P=0.999
37.07+4.36°
P=0.068
40.88+3.97%°
P=0.897
25.22+1.59°
15.27+1.79°
P<0.001
23.81+1.98°
P=0.464
25.16+1.88°
P=1.000
18.92+1.81°
P<0.001
19.7241.37°
P<0.001
12.14+1.64%
8.21+0.45°
P<0.001
12.40+1.28%

P=0.459
7.12+0.86°
3.33+0.65°
P<0.001
7.34+0.43°
P=0.984
7.04+0.79°
P=1.000
4.78+0.65°
P<0.001
5.32+0.87°
P<0.001
37.52+1.42°
25.21+2.16°
P<0.001
36.47+3.92%°
P=0.963
37.03+3.35°

P=0.001
32.63+2.36
P=0.001

135.17+17.66°
96.97+14.88°
P<0.001
134.68+15.38%
P=1.000
141.50+16.67°
P=0.952

=0.95
114.74£19.91
P=0.072
128.44£12.17%
P=0.939
148.38+18.22°
102.81+9.50°
P<0.001
144.24+13.812
P=0.980
147.17+9.72°
P=1.000
125.36+13.52°
P=0.003
131.60£11.30%
P=0.060
48.71+3.67°
35.01+2.42°
P<0.001
49.08+1.95°
P=1.000
47.93+3.92°
P=0.992
41.43+3.28°
P<0.001
43.43+2 47°
P=0.004
318.87+23.67%°
163.90+18.43°
P<0.001
306.95+18.62%°
P=0.806
325.88+8.37%
=0.943
221.95+33.65°
P<0.001
282.62+29.95°
P=0.072
24.93+2.24%°
11.51+3.05°
P<0.001
25.06+4.14%
P=1.000
26.89+3.58°
P=0.760
17.84+3.86°
P<0.001
21.08+2.01%°
P=0.102
89.84+7.65°
53.43+4.53°
P<0.001
83.3024.58°
P=0.140
86.98+5.33°

P<0.001
71.25+6.39°
P<0.001
32.56+2.43%
22.27+1.89°
P<0.001
34.03+2.66°
P=0.790
35.92+3.112
P=0.052
27.40+2.40°
P<0.001
29.47+2.68>°
P=0.091

The mean * standard deviation is used to express the data. A statistically significant difference (P<0.05) between groups is
indicated by different superscripts (a, b, and c) in the same column.
Groups: Control, corn oil; EB, emamectin benzoate (10 mg kg”'.BW day™); DIO50, diosmin (50 mg kg”'.BW day™); DIO100,
diosmin (100 mg kg'.BW day™"); EB+DIO50, emamectin benzoate plus diosmin (50 mg kg”'.BW day”); EB+DIO100,
emamectin benzoate plus diosmin (100 mg kg™'.BW day™).
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Discussion and Conclusion

One of the primary mechanisms by which pesticides
can damage cells and tissues is through oxidative
stress processes, which include the production of
free radicals, lipid peroxides, oxidized proteins, and
oxidized carbohydrates (Jabtonska—Trypu¢ and
Wiater, 2022). As is well known, oxidative stress is
described as an imbalance between the generation of
free radicals and reactive metabolites known as oxi-
dants or reactive oxygen species (ROS) and their
elimination by defense systems known as antioxi-
dants (Pizzino et al., 2017). ROS are generated by
cells as a byproduct of their metabolic processes.
When ROS levels are too high, they interact nega-
tively with DNA, lipids, and proteins in the body
(Birben et al., 2012). Excessive formation of hydroxyl
radicals and peroxynitrite causes lipid peroxidation,
which damages cell membranes and lipoproteins
(Pizzino et al., 2017). MDA, a lipid peroxidation mark-
er, is one of the secondary oxidation products of lipid
peroxidation (LPO). NO, another lipid peroxidation
marker and reactive nitrogen species (RNS), inter-
acts with the superoxide (O;") radical to form peroxy-
nitrite (ONOO"), which is responsible for its toxic ef-
fect (Birben et al., 2012). The increase in MDA and
NO levels in all tissues of rats exposed to EB in the
study indicates lipid peroxidation triggered by exces-
sive ROS and RNS production. Enzymatic and non-
enzymatic antioxidants are responsible for protecting
the cell from ROS-induced damage (LU et al., 2010).
GSH is an essential part of metabolic defensive pro-
cesses such as free radical quenching, hydroperox-
ide reduction, and xenobiotic detoxification. The GSH
-dependent antioxidant system consists of GSH and
enzymes with similar functions, including GST, GSH-
Px, and GR.GSH-Px reduces hydroperoxides and
H,0,, whereas GSH is oxidized to GSSG. Then, GR
regenerates GSH from GSSG (Nimse and Pal, 2015).
The study revealed that GSHPx activity and GSH
levels were decreased in all tissues of rats exposed
to EB. The reduction in GSH levels promotes lipid
peroxidation and oxidative stress (Jabtonska-Trypué,
2017). Due to the antioxidant role of GSH in inhibiting
free radical reactions in the tissues, it is possible that
the decrease in GPx activity seen in the study was
caused by GSH depletion. The initial lines of defense
against reactive intermediates are SOD and CAT.
Superoxide radicals are scavenged by SOD, while
hydrogen peroxide radicals are neutralized by CAT
(Nimse and Pal, 2015). The reduction of CAT activity
in all tissues in this study can be attributed to exces-
sive production of H,O,, which indicates EB-induced
oxidative stress. The decreased SOD activity of rats
exposed to EB may be the result of its increased deg-
radation and decreased production as a result of in-
creased oxidative stress. The findings of our study
are in parallel with those of previous studies. Similar-
ly, Madkour et al. (2021) reported that EB exposure
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(orally 9 mg kg BW for 6 weeks) increased MDA
levels in the brain tissue of rats while decreasing
GPx, CAT, and SOD activities. In the study published
by El-Sheikh and Galal (2015), the researchers noted
that liver tissue MDA dramatically increased while
SOD activity decreased when EB (2.5 mg EB kg™
BW) was administered orally for 28 days. Abou-Zeid
et al. (2018) reported that 75 ppm EB in the diet of
mice induces oxidative stress by increasing MDA
levels and suppressing GSH, CAT, and SOD levels
and activities in liver and kidney tissue, as well as
inhibiting SOD activity and increasing MDA levels in
brain tissue. In the testes of mice exposed to EB in
their study, Zhang et al. (2020) found that GPx and
SOD activity decreased and MDA levels elevated. In
the liver and kidney tissues of rats exposed to
abamectin, another avermectin derivative, Abdel-
Daim and Abdellatief (2018) discovered an elevation
in MDA concentrations and a reduction in GSH levels
and antioxidant enzyme activity (GPX, CAT, and
SOD).

Our results, which demonstrate decreased total pro-
tein and albumin, are in line with earlier research (El-
Sheikh and Galal, 2015; Madkour et al., 2021). Their
concentration may have decreased due to an imbal-
ance between the rates of protein synthesis and deg-
radation. The liver is the organ where albumin is in-
tensively synthesized. Therefore, pesticide-induced
hepatocyte damage may reduce the capacity for al-
bumin synthesis. It is thought that liver damage due
to the toxic effects of EB also causes a decrease in
albumin levels. The serum AST, ALT, ALP, LDH,
cholesterol, and triglyceride levels/activities that in-
creased as a result of EB administration were ob-
served in our findings to be consistent with other re-
search (El-Sheikh and Galal, 2015; Abdel-Daim and
Abdellatief, 2018; Khaldoun Qularbi et al., 2017). The
enhanced plasma membrane permeability caused by
EB toxicity in this study may be the cause of the ele-
vated ALT and AST levels. The increase in serum
total cholesterol level can be attributed to decreased
secretion into the duodenum due to obstruction of the
liver bile ducts. Triglyceride accumulation is the result
of an imbalance between the synthesis and release
of triglycerides into the systemic circulation by paren-
chymal cells. The increase in these parameters sug-
gests potential liver tissue damage (Hamed and Ab-
del-Razik, 2015; Meligi and Hassan, 2017). In line
with prior investigations, our study also found in-
creased BUN, uric acid, and creatinine levels in se-
rum (Meligi and Hassan, 2017; Abdel-Daim and Ab-
dellatief, 2018; Madkour et al., 2021). The elevation
in these measurements could be evidence of renal
tissue damage associated with oxidative stress trig-
gered by EB. Increased levels of uric acid and creati-
nine in the serum can be linked to decreased renal
glomerular filtration and urine excretion capacity,
which reflect renal tubular dysfunction (Madkour et
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al.,, 2021). As the kidney is the organ that primarily
secretes urea into the urine, a high uric acid level is
an indicator of reduced renal function. Due to the fact
that urea is the end product of protein catabolism,
elevated creatinine levels are linked to increased
protein catabolism. Our study, which states that EB
decreases the total protein level due to increased
protein catabolism, is compatible with the literature
(Meligi and Hassan, 2017).

Investigating the ability of natural antioxidants to miti-
gate oxidative stress induced by pesticides is gaining
more attention. Flavonoids, which are members of
the polyphenol family, have strong antioxidant prop-
erties (Zeng et al., 2021). The main molecular modes
of action of flavonoids include their capacity to che-
late metals, inhibit different types of oxidases includ-
ing lipoxygenases, and cyclooxygenases, and pro-
mote the activity of antioxidant enzymes including
SOD, CAT, and GPX (JabtofAska—Trypu¢ and Wiater,
2022). Furthermore, they can reduce free radical
levels in the cell by inhibiting the activities or expres-
sion of free radical-producing enzymes like NAD(P)H
oxidase and xanthine oxidase (XO) (LU et al., 2010).
Due to the fact that diosmin is a flavonoid, it shares
similar effects with other flavonoids. All tissues in the
groups in the current study that only received DIO
were similar to those in the control group; therefore, it
can be concluded that DIO had no negative effects.
Similar findings were reported in previous studies
(Rehman et al., 2013; Eraslan et al., 2017; Agir and
Eraslan, 2019). Depending on the dose, it caused the
effects of EB at both doses to be completely or al-
most completely reversed in the groups that received
EB plus DIO. This effect may be due to either the
inhibition of XO enzyme activity, which causes free
radical formation, or the reduction of the cellular level
of free radicals as a result of its radical scavenging
activity. Previous investigations found similar results.
Tekeli et al. (2021) reported that DIO can protect
against deltamethrin in rats by increasing GSH levels
and GPx, SOD, and CAT activities while decreasing
MDA and NO levels in the liver, kidney, brain, testis,
heart, and erythrocyte/plasma. According to Bozdag
and Eraslan (2020), DIO reverses the effects of lead
by increasing total protein and albumin levels while
decreasing AST, ALT, ALP, LDH, cholesterol, triglyc-
eride, BUN, uric acid, and creatinine activity/levels in
serum. Additionally, they demonstrated that decreas-
ing MDA and NO levels and increasing GSH, GPX,
SOD, and CAT levels/activities can alleviate lead-
induced damage to the blood, liver, kidneys, testes,
brain, and heart. As said by Abdel-Daim et al. (2017),
the treatment of DIO (50 and 100 mg kg-1) either
partially or completely restored dose-dependently the
elevated AST, ALT, ALP, LDH, urea, and creatinine
levels/activities in the serum in mice exposed to
methotrexate. Moreover, depending on the dose, DIO
treatment improved the levels and activities of MDA,
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NO, GSH, GST, GR, GPx, SOD, and CAT in the liver,
kidney, and heart tissue closer to those of the control
group.

In conclusion, it was demonstrated that EB adminis-
tered orally might decrease the antioxidant defenses
of rats and increase their susceptibility to oxidative
stress. However, the severity of oxidative damage
induced by EB regressed with DIO treatment in a
dose-dependent manner, especially at a dose of 100
mg/kg. As a result of its antioxidant effect, it is ex-
pected that the aforementioned flavonoid may be
used as a preservative and help to prevent pesticide
toxicity. However, more investigation is required to
completely understand the precise mechanisms of
action and the application of DIO to mitigate pesticide
-induced toxicities.
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Abstract: In this study, it was aimed to examine the biochemical changes, hematological changes and cerebrospinal
fluid (CSF) cytology and blood serum of cattle with head-eye form of Malignant Catarrhal Fever (MCF). For this pur-
pose, 22 cattle diagnosed with "head-eye form" of MCF and clinically healthy 10 cattle were evaluated. Blood and cere-
brospinal fluid (CSF) were collected from all cattle. In sera, AST, urea, glucose, CK (P<0.05), LDH levels (P<0.01)
were found be high, ALT, ALP, cholesterol (P<0.05), Ca, total protein (P<0.01) and Mg, albumine and Fe levels
(P<0.001) were found to be low in MCF group when compared to the control group. In CSF, Ca (P<0.01) and total
protein levels (P<0.001) were found high glucose level (P<0.05) was found low in MCF group when compared to the
control group. In haematology, some parameters were determined to be different between the groups. In cytological
results of CSF in MCF group, polymorphonuclear leucocytes, lymphocytes, erytrocytes, macrophages and plasma cells
were determined. In conclusion, since there were a limited number of studies examining biochemical, cytologic and
hematological results of MCF especially in CSF, the results from our study were thought to be important for future stud-
ies in which viral diseases affects the nervous system of cattles.

Keywords: Biochemistry, cattle, CSF, cytology, haematology, malignant catarrhal fever

Coryza Gangrenosa Bovum’un Bag-G6z Formu Belirlenen Sigirlarda Kan ve Beyin Omurilik Sivisi Biyokimyasi,
Sitolojisi ve Hematolojik Parametrelerin Degerlendirilmesi

Oz: Bu galismada, coryza gangrenosa bovum’un (CGB) bag-goz formu belirlenen sigirlarin beyin omurilik sivisi (BOS)
ve kan serumlardaki biyokimyasal degisiklikler, hematolojik degisiklikler ve BOS'un sitolojik olarak incelenmesi
amaglanmigstir. Bu amagla CGB’nin bas-g6z formu belirlenen 22 adet sidir ve klinik olarak saglikh 10 adet siirdan kan
ve beyin omurilik sivisi (BOS) alinmistir. CGB grubunun kan serumlardaki AST, dre, glukoz, CK (P<0.05), LDH
dizeyleri (P<0.01), ALT, ALP, kolesterol (P<0.05), Ca, total protein (P<0.01) ve Mg degerleri kontrol grubuna goére
yiksek, albimin ve Fe dulzeyleri (P<0.001) ise distk bulunmustur. CGB gurubundaki sigirlarin BOS'larinda Ca
(P<0.01) ve total protein diizeyleri (P<0.001) ylksek, glukoz diizeyleri (P<0.05) ise kontrol grubuna gore disuk olarak
belirlenmistir. Hematolojik bazi parametrelerde de gruplar arasinda farkhlik gérulmustir. CGB gurubundaki sigirlarin
BOS'larinda yapilan sitolojik incelemelerde, sitolojik lamlarda polimorfonukleer 16kositler, lenfositler, eritrositler, mak-
rofajlar ve plazma hiicreleri belirlenmistir.Sonug¢ olarakCGB’da, 6zellikle BOS'ta sitolojik ve biyokimyasal, ayrica kanda
biyokimyasal ve hematolojik sonuglari bir arada inceleyen sinirli sayida galisma oldugundan, galismamizdan elde
edilen sonuglarin sidirlarin sinir sistemini etkileyebilenviral hastaliklarda gelecekte yapilacak galismalar igin énemli bir
veri olusturabilecegi dusuniimustar.
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CSF cytology, biochemistry and hematology in cattle with MCF...

Introduction

Malignant Catarrhal Fever (MCF) is a disease in
which two factors may be involved in the etiology
ofclinically distinct disease. “Alcelaphine herpesvirus
(AHV1-2)/Bovid-Bovine herpesviriis 3’ plays a role in
cases in wild ruminants in Africa (wildebeest-
associated) ovine herpesvirus-2 (OvHV-2) plays a
role in cases in Europe, North America and Asia
(sheep-associated). It is known that in the cases
seen in Africa, theagent is transmitted to cattle by an
antelope of Connochaetes taurinus breed (Blue wil-
debeest), so domestic ruminants may be at environ-
mental risk worldwide. In other continents, sheepare
commonly responsible for transportation of the agent
and therefore the disease. Sheep have been reported
to be able to infect cattle at short-to-medium dis-
tancesviaaerosols and oculer or nasal fluids. MCF
can also be caused by ingestion of contaminated
food, direct contact with caretakers and even from
birds (Crawford et al., 1999; Andrews, 2004; Rados-
tits et al., 2007). MCF has a very high mortality rate
but cattle, one of the last hosts, do not spread the
virus when they die because their secretions do not
contain virus (Metzler, 1991; Smith, 1996; Andrews,
2004; Radostits et al., 2007).

The disease occurs several forms in cattle: peracute,
digestive system and the"Head-Eye" form which is
the most common. Typical signs of the head-eye
form of MCF are weakness, loss of appetite, fever up
to 41°C, increased pulsation (100-120/bpm), redness
of the buccal mucosa, erosion and necrosis in the
mouth, labial papillae and anterior nasal mucosa,
congestion of the scleral vessels, edema oft he eye-
lids, photophobia, blepharospasm, centripetal corneal
opacity starting at the edge of the sclera and dis-
charge causing narrowing of the nasal cavity. Cen-
tripetaly corneal opacity can be considered as path-
ognomonic and is almost always present invarying
degrees. Sick animals often have neurological mani-
festations especially in the terminal phase (Metzler,
1991; Smith, 1996; Radostits et al., 2007). A signifi-
cant or moderate leucopenia associated with agranu-
locytosis is observed in the “early stages of infection”
of the disease but this can easily be missed (Liggit
and DeMartini, 1980a; Liggit and DeMartini, 1980b;
Dewals and Vanderplasschen, 2011).

The aim of this study was to assess possible chang-
es in routine hematological and biochemical values,
as well as to determine biochemical and cytological
findings obtained from cerebrospinal fluid (CSF) and
to evaluate their clinical significance in the head-eye
form of MCF in cattle. Although CSF is a body fluid
that can be directly affected by many brain inflamma-
tions and diseases, the changes that can occur in this
fluid in many large or small animal diseases, includ-
ing MCF disease, have not been adequately studied
to date.
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Material and Methods
Animals

The study involved a total of 32 cattle, including 22
cattle with head-eye form of MCF diagnosed at the
Teaching Hospital of the Faculty of Veterinary Medi-
cine on admission by the owners, 10 healthy cattle on
routine health checks in Research Farm of the Facul-

ty.

A routine full physical examination was performed on
all animals. Blood samples (n=32) were properly col-
lected from juguler vein from all animals into plain
tubes and transported immediately to laboratory. Se-
ra were obtained by centrifugation at 3000 rpm for 10
minutes at room temperature and were kept frozen (-
20°C) until the analysis were performed.

CSF samples (n=17) were collected properly in sterile
micro tubes after the animal was sacrified, and rou-
tine biochemical analyzes were performed on fresh
material. Cytological evaluation of CSF was per-
formed in the Department of Pathology of the Faculty
of Medicine.

Hematologic and biochemical analysis

Blood samples from MCF and healthy cattle were
analyzed on (VG-Ms4e) automated hematology ana-
lyzer and serum and CSF samples on (Mindray BS
120) fully automated biochemistry analyzer.

Cytological analysis

Cytological examinations were carried out on speci-
men prepared by direct smear and cytospin methods
from CSF samples obtained in the study. Hematoxy-
lin and Eosin (H&E), May-Grunwald-Giemsa (MGG)
and Papanicolaou (PAP) stains were used in the
preparations. Cases were scanned at 200x magnifi-
cation and detailed cellular assessments were made
at 400x magnification in cellular areas.

PCR analysis

Total DNA was extracted from whole blood using
phenol-chloroform method (Sambrook et al., 1989).
Atwo-step PCR amplification was performed as de-
scribed previously (Dabak and Bulut, 2003). PCR
conditions were as follows: a preliminary denaturation
at 99°C/5 min followed by 39 cycles at 94°C/20 sec,
60°C/30sec and 72°C/30 sec and a final extension at
72°C/1 min  with  primers set 556 (5'-
AGTCTGGGTATATGAATCCAGATGGCTCTC-3")

and 775 (5-AAGATAAGCACCAGTTATGCATCT-
GATAAA-3") to obtain a PCR product of 422 bp. A
nested PCR was also conducted, with exactly the
same conditions as detailed above, the primers were
556 and 555 (5-TTCTGGGGTAGTGGCGAGC-
GAAGGCTTC-3') to amplify a sequence of 238 bp.
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Products were visualized by electrophoresis in 2%
agarose gels stained with ethidium bromide. We used
SA-MCF positive samples of previous study in our
department (Erkili¢ et al., 2017) as a positive control
and a SA-MCF negative cattle whole blood sample
as a negative control.

Erdogan UZLU

Biochemical results

The serum level of ALT, AST, GGT, ALP, creatine,
urea, calcium, magnesium, glucose, phosphor, total
protein, albumin, lipase, creatine kinase (CK) and
creatine kinase-myocardial band are shown in
Table 1, and the same parameters in the CSF are
shown in Table 2 without cholesterol, Fe and LDH.

Table 1. Biochemical results obtained from the sera of control and MCF groups

PARAMETERS CONTROL (meanzstd.err.) MCF (meantstd.err.) P
ALT (U/L) 35.7+1.53 22.06+3.42 P<0.05*
AST (U/L) 82.89+4.21 117.69£10.32 P<0.05*
GGT (U/L) 20.56+1.31 24.08%1.70 P>0.05
ALP (U/L) 64.79+£3.77 46.064.82 P<0.05*
Crea (mg/dL) 1.96+0.08 1.82+0.13 P>0.05
Urea(mg/dL) 8.01+0.67 11.06+0.72 P<0.05*
Ca (mg/dL) 9.15+0.11 7.55+0.32 P<0.01**
Mg (mEq/L) 2.73+0.12 1.85+0.11 P<0.001***
Glu (mg/dL) 59.04+2.86 70.12+2.67 P<0.05*
P (mg/dL) 5.42+0.34 4.62+0.26 P>0.05
TP (g/dL) 7.06+0.15 5.75+0.23 P<0.01**
Alb (g/dL) 3.08+0.13 2.42+0.7 P<0.001***
Lipaz (U/L) 2.79+0.19 2.57+0.19 P>0.05
CK (U/L) 231.88+39 781.22+143.84 P<0.05*
CK-MB (U/L) 84.03+10.01 62.43+6.84 P>0.05
Chol (mg/dL) 84.89+3.88 67.47+4.99 P<0.05*
LDH (U/L) 433.16+20.66 730.32+51.51 P<0.01**
Fe (umol/L) 19.45+1.26 9.04+0.77 P<0.001***
Statistical analysis Biochemical evaluations of the sera from both groups

Related with the assumptions of central limit theory,
by increasing sample size (over 30) the distribution
approaches to normal. Because of the sample size in
this study is over 30, to compare the differences be-
tween the control and the study group, independent
samples t test is applied. All the statistical analyses
are done at 95% confidence level. P values of tests
are given in relevant tables. The data obtained in this
study were evaluated by SPSS®software.

Results
Clinical examination results

Typical clinical symptoms of the head-eye form of
MCF have been identified in clinical examinations of
infected cattle which were housed with sheep as stat-
ed by the owners. These typical symptoms consist of
high fever (39.5-41°C), keratoconjunctivitis, resulting
in excessive mucopurulent lacrimation and photopho-
bia, centripetal keratitis, corneal opacity, disphagie,
redness of the mouth and nasal mucosa, nasal dis-
charge, necrotic and erosive lesions in the mouth and
buccal papillae, enlargement of lymph nodes. In addi-
tion, findings such as a tendency to sleep, indiffer-
ence to the environment, a tendency to tilt the head
to one side and changes in gait were observed,
which were identified by researchers and thought to
be caused by encephalitis.

revealed statistically significant higher levels of AST,
urea, glucose, CK (P<0.05) and LDH (P<0.01) levels,
and statistically significant lower levels of ALT, ALP,
cholesterol (P<0.05), Ca, TP (P<0.01), Mg, Albumin
and Fe (P<0.001) levels in the MCF-diagnosed group
of cattle than the healthy group.
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Table 2. Biochemical results obtained from control and MCF groups CSF's

PARAMETERS CONTROL (meanzstd.err.) MCF (meantstd.err.) P
ALT (U/L) 5.45+0.45 6.01+0.78 P>0.05
AST (U/L) 16.75+0.59 22.8242.52 P>0.05
GGT (U/L) 0.18+0.07 0.55+0.15 P>0.05
ALP (U/L) 3.93+0.31 4.66+0.52 P>0.05
Crea (mg/dL) 0.33+0.06 0.36+0.06 P>0.05
Urea (mg/dL) 16.09+3.6 20.23+3.09 P>0.05
Ca(mg/dL) 1.7£0.6 2.8+0.22 P<0.01**
Mg (mEqg/L) 2.07+0.22 2.32+0.3 P>0.05
Glu(mg/dL) 49.21+2.10 34.60+3.63 P<0.05*
P (mg/dL) 4.24+0.88 4.61+0.89 P>0.05
TP (g/dL) 0.16+0.02 0.39+0.04 P<0.001*
Alb(g/dL) 0.1+0.01 0.11+0.01 P>0.05
Lipaz(U/L) 4.78+0.18 4.98+0.24 P>0.05
CK(UIL) 7.23+0.35 7.3240.27 P>0.05
CK-MB(U/L) 2.01+0.59 2.66+0.30 P>0.05
Biochemical evaluations of CSF obtained from both Cytological results

groups resulted statistically significant lower levels of
glucose (P<0.05) and statistically significant higher
levels of Ca (P<0.01) and total protein levels
(P<0.001) in the MCF-diagnosed group than the
healthy group.

Hematological results

Results of hematological parameter levels are shown
in Table 3.

The results of direct and cytospin slides of CSF are
shown in Table 4.

Table 3. Hematological results obtained from Control and MCF groups

PARAMETERS CONTROL (meanzstd.err.) MCF (meantstd.err.) P
WBC 11.5+0.7 15.0442.52 P<0.05*
LYM % 51.06+2.15 55.33+1 .94 P<0.05*
MON% 3.96+0.3 4.01+0.59 P>0.05
GRA% 44.98+3.34 45.62+4.10 P>0.05
LYM 5.45+0.21 7.16+1.2 P<0.01**
MON 0.42+0.02 0.36+0.05 P>0.05
GRA 4.18+0.7 4.71+0.4 P>0.05
RBC 5.68+0.43 8.43+0.43 P<0.001***
MCV 50.15+1.33 45.32+2.05 P>0.05
MCH 18.63+0.5 12.48+0.8 P<0.001***
MCHC 37.1610.55 27.721+1.53 P<0.001***
Hct 28.21+1.89 37.05+1.35 P<0.001***
RDW 13.22+0.23 13.71+0.36 P>0.05
Hb 10.43+0.56 10.17+0.60 P>0.05
MPV 6.83+0.16 7.18+0.18 P>0.05
PCT 0.18+0.04 0.37+0.06 P<0.05*
PLT 229,2+36.57 467.26+62.63 P<0.01**
PDW 5.05+0.85 7.61+0.45 P<0.01**

Hematological evaluations of whole blood obtained
from both groups showed statistically significant high-
er levels of WBC, LYM%, PCT (P<0.05), LYM, PDW,
PLT (P<0.01), RBC and Hct (P<0.001) in the MCF-
diagnosed group than the healthy group while statisti-
cally significant lower levels of MCH and MCHC
(P<0.001) were observed.
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Table 4. Cytologic slide results obtained from MCF group CSFs (n=10)

Case No Results

CSF--0 A small number of lymphocytes and polymorphonuclear leukocytes (PNL)

CSF--1 A small number of lymphocytes and a small number of macrophages

CSF--2 Squamous epithelial cells compatible with contamination and a small number of macrophages

CSF--3 Blood components (erythrocytes and PNL), a small number of lymphocytes and plasma cells

CSF--4 A small number of PNL, lymphocytes and macrophages (Fig. 1)

CSF--5 A large number of PNL and lymphocytes

CSF--6 Squamous epithelial cells compatible with contamination and PNL's, lymphocytes and macro-
phages

CSF--7 Hypocellular slides and a small number of PNL and lymphocytes

CSF--8 Acellular slides

CSF--9 Hypocellular slides and lymphocytes

Direct smear and cytospin preparations were
scanned at 200x magnification and evaluated at 400x
magnification in cellular areas (Figure 1). The pres-
ence of epithelial cells was not observed in any of the
preparations examined to assess cytopathic effect.
The blood elements detected in the slides were
thought to be secondary to the traumatization caused
by the process, whereas the squamous epithelium
was thought to be due to contamination during pas-
sage through the skin.

In general evaluation of the preparations, it was con-
sidered that the existing numbers and proportions of
inflammatory cells present were not too high for CSF
according to the "human meningoencephalitis as-
sessment". As the central nervous system findings in
cattle in the study group were limited or mild, the cy-
tological findings were evaluated according to the
cases investigated.

Figure 1. Degenerated macrophages and lympho-
cytes in CSF in MCF group (H&E, 400x).

PCR results

All of the 22 samples were detected as positive by
nested-PCR (Figure 2) in the MCF group. A targeted
238 bp of PCR product was visualized from the posi-
tive control DNA extract.

500 bp

300 bp

200 bp

100 bp

Figure 2. Nested-PCR product samplified from
whole blood samples.

Lane 1: positive control sample, Lane 2-7:nested-
PCR products (238 bp), Lane 8: negative control
sample, M: 100 bp molecular weight marker
(SolisBiodyne).

Discussion and Conclusion

In the aim of this study was to evaluate some physio-
logical and biochemical parameters of blood, serum
and CSF, as well as to investigate cytological chang-
es that may occur in CSF and to evaluatetheir clinical
significance in cattle clinically diagnosed with the
head-eye form of MCF. To understand the pathogen-
esis of MCF, investigations based mainly on inflam-
mation, immune mediated organ failure, toxins and
effects of virus are frequently evaluated in natural
cases. However, it is very important to reveal all the
organs, tissues and related markers influenced by the
forms investigated in the researches in order to re-
veal the pathogenesis and effective mechanisms that
are quite complicated due to the affected organs and
systems in different forms of the disease.

We determined specific clinical symptoms such as;
high fever (39.5-41°C), keratoconjunctivitis, resulting
in excessive mucopurulent lacrimation and photopho-
bia, centripedal keratitis, corneal opacity, disphagia,
redness of the mouth and nasal mucosa, nasal dis-
charge, necrotic and erosive lesions in the mouth and
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buccal papillae, enlargement in lymph nodes in all
infected animals in this study. We have also detected
the finding that can be seen secondary to encephali-
tis such as; somnolence, keeping the head on one
side, anxious and shaky gait, indifference to the envi-
ronment etc. which are compatible with the reports
for MCF (Masters et al., 2003; Radostits et al., 2007;
Russel et al., 2009; Cunha et al., 2012; Headley et
al., 2015; Lankester et al., 2016). Furthermore, the
case history revealed that all the infected cattle were-
kept with sheep, which is a well-known source of
infection in cattle (Roizman et al., 1992; Muller-
Doblies et al., 1998; Masters et al., 2003; Erkili¢ et
al., 2017).

In the study, biochemical evaluations of the sera re-
vealed statistically higher levels of AST, urea, glu-
cose, CK (P<0.05) and LDH (P<0.01), and statistical-
ly lower levels of ALT, ALP, cholesterol (P<0.05), Ca,
TP (P<0.01), Mg, albumin and Fe (P<0.001) in the
group diagnosed with MCF-compared to healthy cat-
tle. These findings were found to be consistent with
those previously reported (Hill et al., 1993; Dettwiler
et al., 2011; Dabak et al., 2012). As albumin is a neg-
ative acute phase protein, it is considered normal for
it to decrease during inflammatory events. It is known
that this decrease is also common for Fe. The de-
crease in albumin and Fe obtained in our study was
considered as compatible with the disease. In a study
on ruminants with septicemia, it is suggested that low
values of Ca, Mg, and P are due to anorexia and
malabsorption (Citil et al., 2004). Similar values ob-
tained in our study are probably due to the same clin-
ical symptoms.

Biochemical evaluation of CSF from cattle diagnosed
with MCF revealed that Ca (P<0.01) and total protein
levels (P<0.001) were higher than in healthy cattle in
the control group, and glucose (P<0.05) level was
lower. The normal CSF protein level is less than 30
mg/dL. This value was found by some investigators
to be 36-98 mg/dL in MCF. Damage to the blood-
brain barrier causes the amount of protein in CSFto
increase. Although this is usually explained by the
amount of albumin in the blood, in some diseases it
may also be caused by y-globulin, which is over ex-
pressed by B lymphocytes in the nervous system.
The CSF protein value obtained in our study is con-
sistent with those reported by researchers (Abate et
al., 1998; Di Terlizzi and Platt, 2006; Stokol et al.,
2009; Scott, 2010; Pandey et al., 2015). Normal Ca
values in CSF have been reported by researchers to
be 1-1.5 mmol / L. Calcium is released from the cho-
roid plexus and its level is provided by an active sys-
tem. Plasma Ca level has no significant effect on Ca
level in CSF. Some investigators have considered
increased Ca in CSF as a marker of blood-brain bar-
rier damage, which in various studies is thought to
reflect the increased CSF protein concentrations
(Rutter and Smales, 1976; Di Terlizzi and Platt, 2006;
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Stokol et al., 2009; Scott, 2010; Pandey and al.,
2015).

In our study, CSF glucose levels are lower in healthy
animals. Normally, CSF glucose levels are directly
related to blood glucose levels. The fact that the CSF
glucose is 60-80% of the blood glucose levels indi-
cates that the functions of the central nervous system
are normal. In our study, the values obtained from the
CSF of MCF animals are 50% of the glucose values
obtained from the sera of these animals. The low
glucose level in CSF is also an important parameter
for distinguishing bacterial/supportive meningitis from
aseptic meningitis. Researchers have also reported
that the low glucose level obtained from CSF is due
to changes in the physiological function of the cho-
roidal epithelium and the consumption of pathogenic
elements or leukocytes in the system (Abate et al.,
1998; Di Terlizzi and Platt, 2006; Pandey et al., 2015;
Sri Rekha et al., 2015).

Increased CK is usually a sign of muscle damage,
but may also be elevated in the CSF in diseases of
the nervous system. Although there is no direct rela-
tionship between serum level and CSF levels, in-
creases in CSF are considered to be indicative of
poor prognosis in neurological diseases. In our study,
serum CK levels were determined to be statistically
significantly increased in MCF cases, but this in-
crease was not at levels that would make a statistical
difference in the CSF of the same group. It has also
been reported that increases in AST and CK in CSF
may be an important indicator of myelin degeneration
(Hill et al., 1993; Di Terlizzi and Platt, 2006). Although
the CSF AST and CK values in our study were not
statistically significant, the relative increases were
present.

In the present study, hematological evaluations of
whole blood obtained from both groups showed high-
er LYM%, PCT (P<0.05), LYM, PDW, PLT (P<0.01),
RBC and Hct (P<0.001) and lower MCH and MCHC
(P<0.001) in the MCF group than in the healthy
group. Although it was determined that the LYM,
LYM%, RBC and Hct values obtained in the study
were high in statistically different ratios compared to
the healthy group, it was determined that these in-
creases obtained from the MCF group were within
the reference values and that the relative increase in
the WBC value was not statistically significant. It was
found that the low values obtained at the MCH and
MCHC levels are compatible with the values found by
the researchers (Hill et al., 1993; Detwiller et al.,
2011; Kirbas et al., 2013).

In our study, the presence of epithelial cell was not
observed in the cytological evaluation of CSF. Blood
elements and squamous epithelium, which were rare-
ly detected in the slides, were thought to be related to
traumatization during the procedure and contamina-
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tion through the skin. A total of nine cases were ex-
amined; in four of the cases macrophages, six of the
cases polymorphonuclear leukocytes (PNL) and eight
of the cases lymphocytes were detected cytologically.
Normal CSF consists of smaller number than 10
cells/uL of predominantly lymphocytes and neutro-
phils. In animals with encephalopathy, pleostosis is
an important sign. In general, the lymphocytic mono-
nuclear response is more prominent in viral infec-
tions, whereas PNLs predominate in acute bacterial
CNS disease. In a study of calves infected by bovine
herpes infested calves, the increase in CSF mono-
nuclear cells was also found to be more pronounced
after day 21. It has been stated that the presence of
macrophages in CSF may occur after destruction of
cerebral tissue or cerebral hemorrhage and/or may
be due to protein-energy malnutrition (Stokol et al.,
2009; Scott, 2010; Insemhagen et al., 2011).

In this study, it was aimed to reveal the changes in
cattle diagnosed with the head-eye form of MCF by
physical examination and laboratory tests, which
were brought to Teaching Hospital of Faculty of Vet-
erinary Medicine, as a whole by making CSF and
blood biochemical, hematological and CSF cytologi-
cal examinations and it was considered that these
values, which have been studied in this disease very
limited other viral diseases effecting the nervous sys-
tem of cattle, would be the reference for future stud-
ies. As a result, in this study, although there were
statistically significant differences in many biochemi-
cal parameters in blood serum, it was determined
that especially ALB, Fe and Mg values showed great-
er differences, while TP, Glu and Ca values in CSF
were statistically different. Many haematological pa-
rameters were found to be statistically different.
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Oz: Bu calismada, entansif siit sigirciiginda buzagi hastaliklari ve élimlerine baglh ekonomik kayiplarin belirlenmesi
amagclanmistir. Calisma, Ekim 2020 ile Ekim 2021 tarihleri arasinda Kayseri-Develi'de bulunan 6zel bir damizlik stt
sigin isletmesinde toplam 1147 buzagi verisi kullanilarak yapilmistir. Calisma boyunca incelenen buzagilar D1
(saglikh), D2 (hastalanip iyilesen) ve D3 (hastalanip 6len) seklinde Ug farkli duruma ayrilmistir. Calismada, saglikli
buzagilar i¢in sadece buyitme maliyeti hesaplanirken, hasta buzagdilar igin ilave isgilik, veteriner hekim, altlik ve ilag/
tedavi masraflari hesaplanmigtir. Olen buzagilar igin ise ilave iscilik, veteriner hekim, ilag/tedavi masrafi ile dlen buzag
bedeli hesaplamalara dahil edilmistir. Olen buzagi bedeli belirlenirken TIGEM tarafindan irklara ve cinsiyete gére belir-
lenen buzag fiyatlari dikkate alinmistir. Calisma bulgularina gére, hasta buzag sayisinin 626 (%54.6), hastalik (vaka)
sayisinin ise 809 (%70.5) ve buzag 6lim oraninin %13.3 oldugu belirlenmistir. Buzadi hastalik ve élimleri Gizerinde
anne yasinin, annenin laktasyon sayisinin, dogum mevsiminin, babanin (boga), buzagi irkinin, kolostrum alma duru-
munun etkili oldugu tespit edilmistir (P<0.05). Calismada sutten kesime kadar saglikli, hastalanip iyilesen ve 6len buza-
gilarin ortalama buyltme maliyetleri sirasiyla 6295.3TL ($340.2), 6508.6TL ($351.8) ve 2547.3TL ($137.7) olarak he-
saplanmigtir. Calismada en ¢ok goriilen hastalik grubu sindirim sistemi hastaliklar olup 175.4-186.5TL/vaka ($9.5-
10.1) arasinda ve solunum sistemi hastaliklari 114.0-138.1TL/vaka ($6.2-7.5) arasinda ekonomik kayba neden olmak-
tadir. Sindirim sistemi hastaliklari kaynakli buza@i 6limi 8199.0-10190.5TL ($443.2-550.8) arasinda ve solunum siste-
mi hastaliklari kaynakl buzadi 6limi 7642.6-11860.1TL ($413.1-641.1) arasinda ekonomik kayba neden olmaktadir.
Buzagi hastaliklarinin igletmeye toplam maliyeti 122650.8TL/yil (6629.8 $/yil) olurken, Slimlerin toplam ekonomik kay-
bl 1462618.8TL/yil (79060.5 $/yil) olmustur. Sit sigirciligi isletmelerinde buzag@ilardaki hastalik ve 6ltimlerin azaltilabil-
mesi igin; buzagi saghgini etkileyen risk faktorlerinin (genel olarak igletmelerin uygulamalari, anneye ait ve buzagiya ait
risk faktorleri) iyi bilinmesi ve gerekli tedbirlerin alinmasi gerekmektedir. Mevcut calisma ile Turkiye sartlarinda buzagi-
larin hastaliklarina ve élumlerine bagli ekonomik kayiplar hesaplanarak hayvansal tUretimin daha karli yapilabilmesi igin
karar destegi olusturulmasi saglanmistir.

Anahtar kelimeler: Buzagi, ekonomik kayip, hastalik, 6lim, st sigircilig

Determination of Economic Losses Related to Calf Diseases and Mortalities in Intensive Dairy Cattle
Abstract: This study aimed to determine the economic losses due to calf diseases and deaths in intensive dairy cattle.
The study was conducted using data from a total of 1147 calves on a private dairy farm in Kayseri-Develi between
October 2020 and October 2021. The calves examined throughout the study were divided into three different status:
D1 (healthy), D2 (recovered), and D3 (death). For the death calves, additional labour, veterinarian, medicine/treatment
costs, and the cost of the decreased calf are included in the calculations. While determining the price of the death cal-
ves, the calf prices determined by TIGEM according to race and gender were taken into account. In the study, it was
determined that the number of sick calves was 626 (54.6%), the number of diseases (case) was 809 (70.5), and the
calf mortality rate was 13.3%. It was determined that maternal age, lactation number of the cow, birth season, father
(bull), calf race, and colostrum intake were effective on calf morbidity and mortality (P<0.05). In the study, it was deter-
mined that the rearing costs of healthy, sick, and death calves up to weaning were 6295.3TL ($340.2), 6508.6TL
($351.8) and 2547.3TL ($137.7), respectively. The costs of most common digestive system diseases in the study cal-
culated between 175.4-186.5TL/case (9.5-10.1 $/case) and respiratory system diseases between 114.0-138.1TL/case
(6.2-7.5 $/case).The cost of calf death due to digestive system diseases calculated 8199.0-10190.5TL ($443.2-550.8)
and calf death due to respiratory system diseases calculated 7642.6-11860.1TL ($413.1-641.1). While the total cost of
calf diseases was 122650.8TL/year (6629.8 $/year), the total economic losses of deaths was 1462618.8TL/year
(79060.5 $/year). In dairy cattle farming, to reduce diseases and deaths in calves, is necessary to know the risk factors
affecting the calf health (generally the practices of the farms, the risk factors of the cow and the calf) and to take the
necessary precautions. In this study, the economic losses of calves due to disease and death in Turkish conditions
were calculated and decision support was provided to make more profitable livestock production.

Keywords: Calf, dairy cattle, disease, economic losses, mortality
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Buzag hastaliklari ve élimlerinin ekonomik kayibi...

Giris

Ekonomik bir faaliyet olan sut sigirciiginda ana gelir
sut uretiminden elde edilirken, buzagilar da en énemli
tali geliri olusturmaktadir. O nedenle daha fazla karli-
lik icin bir taraftan hayvanlardan yuksek sut verimi
alinmasi hedeflenmekte, dider taraftan da saghkl
buzagilarin dogmasi suriniin gelecegi ve isletmenin
sirdiriilebilirligi agisindan énem arz etmektedir. slet-
melerde buzagilarin elde edilmesi zor oldudu kadar
(kizginhk, tohumlama, gebelik, dogum) saghkl bir
sekilde yasatilmasi i¢in de ayri bir 6zen ve ¢aba ge-
rektirmektedir. Aksi halde, hasta olan buzagilarn iyi-
lestirme g¢abalari sonugsuz kalirsa 6lim sekillenebil-
mektedir.

Turkiye'de sut sigircihdi isletmelerinde buzagi hasta-
liklar az ya da ¢cok hemen her isletmede goérilmekte
ve yaklasik %5-20 arasinda 6limle sonuglanmakta-
dir. Hatta aile tipi isletmelerde bu oran daha da (%
50’ye kadar) artabilmekte ve 6nemli ekonomik kayip-
lara neden olmaktadir (Demir ve ark., 2019). Bu du-
rumda, azami kar amaciyla Uretimde bulunan sut
sigircihdi igletmelerinde yasanan buzagi hastaliklar
ve kayiplari, gerek isletme dizeyinde gerekse ulusal
dizeyde ekonomik yénden optimumdan uzaklasiima-
sina, genetik potansiyelin gerilemesine ve bdylece
uUreticilerin daha duslk karlilikla hatta bazen zararla
Uretim yapmasina yol agmaktadir. Ayrica Tirkiye'de

Tablo 1. Ekonomik analiz igin olusturulan metod
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turacak buzagilarin, hastaliklarina ve élimlerine bagli
ekonomik kayiplarinin ortaya konulmasi, elde edilen
sonuglarin gelecekte hastalik kontrol kararlarinda yol
gOsterici olarak kullaniimasi ve bdylece hayvanciligin
daha karli yapiimasinin é6nunln agilmasina katki sag-
lanmasi disinilimektedir.

Materyal ve Metod
Calisma gereci

Calismada, Ekim 2020 ile Ekim 2021 tarihleri arasin-
da Kayseri-Develi'de bulunan 6zel bir damizlik sut
sigiri igletmesinde 1147 bas gebe sigirdanelde edilen
buzagilardan temin edilmis, ancak 48 buzagi 6lu dog-
dudu i¢in analizler toplam 1099 buzagi verisi Gzerin-
de yapilmistir. Isletmede bulunan buzagilarin dogum-
dan itibaren sutten kesim yasina kadar (0-70 gin)
verileri bireysel olarak kaydedilmistir.

Calismada incelenen buzagilar D1 (sutten kesime
kadar hi¢ hastalik gecirmeyen), D2 (en az bir kez
hastalik gegcirip iyilesen) ve D3 (en az bir hastalk
gegcirip 6len) seklinde i¢ duruma ayrilimistir (Tablo 1).

Ekonomik analiz metodu

Calismada uygulanan ekonomik analiz metodu Tablo
1'de verilmigtir.

Durumlar Aciklama Ekonomik Analiz Metodu (Masraflar)
Durum 1 Saghkh D1= [Beslenme maliyeti + Isgilik + Veteriner Hekim + Kontrol Harcamasi+
Amortisman + Bakim/Onarim + Elektrik/Su+ Genel idare Gideri + Altlik
) Maliyeti] )
Durum 2 Hastalanip lyile- D2= [D1 + (llave Iscilik + Veteriner Hekim + Tedavi Gideri)]
sen
Durum 3 Hastalanip Olen D3=[D2 + (Olen Buzagi Bedeli)]
D: Durum

artan nufusun kirmizi et ihtiyacinin saglanabilmesi ve
sosyo-ekonomik refah seviyesi yukselebilmesi igin
buzagilanin hayatta kalmasi gerekmektedir. Cunki
Tarkiye’de kirmizi etin tamami bliylikbas ve kiguk-
bas hayvanlardan saglanmakla birlikte mevcut talebin
%88'i sigir etinden karsilanmaktadir (Akin ve ark.,
2020).

Sut sigircihgi isletmelerinde goérilen buzagi hastalik-
lari ve kayiplarinin dnlenmesi ic¢in; hastalik ve kayip-
lara neden olan faktorlerin (etiyoloji) belilenmesi ve
isletme ya da Ulke ekonomisine bunlarin yansimalari-
nin ortaya konulmasi gerekmektedir. Bu sayede karar
destegdi saglanabilir, risk faktorleri dogru belirlenebilir,
hastalik kontrol tedbirleri alinabilir ve kayiplarin azal-
tilmasi yoluna gidilebilir.

Bu distincelerden hareketle mevcut g¢alisma ile st
sigircihgi isletmelerinin en 6nemli tali gelir kaynagi
olan ve llkenin canh bliylikbas hayvan stokunu olug-
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Hastalik ve 6lium durumunda (D2 ve D3) yeni ve niks
eden hastaliklar olmasi durumunda iscilik, veteriner
ve tedavi Ucretleri her bir vaka igin yeniden ayri ayri
hesaplamalara dahil edilmistir (Tablo 1).

Isletme Giderleri

a. Beslenme gideri: Calisma dénemi boyunca bir
buzaginin sitten kesim yasina kadar siit ve yem
[kaba ve buzagi baslangi¢ yemi (BBY)] tiketim mikta-
rinin cari st ve yem fiyati ile ¢arpimi sonucu elde
edilmigtir. Buzagilarin ilk 30 giinlik dénemde ortala-
ma 5.8 It/glin, 31-70 glnlik dénemde ise 7.4 It/gin
sut tukettikleri tespit edilmis olup, sut fiyati olarak
sltln igletmede Uretim maliyeti (8.5TL/It=0.5%/It) dik-
kate alinmigtir. Buzagilar ilk 15 ginlik yasa kadar
sadece st tuketirken, 15 gunlik yastan sonra (55
gliin) ortalama 45 kg yem (kaba+BBY) tukettigi ve
toplam tiketimin %80’inin BBY, %20’sinin kaba yem
oldugu tespit edilmis olup, ekonomik analizlerde bu
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tiketim miktari dikkate alinmigtir. BBY’nin fiyati
6.4TL/kg ($0.3), kaba yem (yonca) fiyati 3TL/kg
($0.2) olarak hesaplanmistir.

b. Veteriner hekim ve igg¢ilik maliyeti: Veteriner
hekim ve iscilik maliyeti hesaplanirken
maas+sigorta+yemek Ucreti dikkate alinmistir. Hasta-
lanan veya Olen buzagilarda tedavi icin harcanan
ilave slre (dk) ile veteriner hekim Ucreti (firsat maliye-
ti) ve iscilik Gcreti hesaplamalara dahil edilmistir.

c. Koruyucu hekimlik gideri: Bir buzagdiya hastalik-
lardan korunmasi igin dogumdan itibaren sitten ke-
sim yasina kadar uygulanan asl, ilag vb. giderler cari
fiyatlarina gore dikkate alinmistir.

d. Amortisman maliyeti: Buzagi buyttme boélimun-
de bulunan bina, alet ve ekipmanlarin yillik amortis-
mani (yipranma paysl);

Elde edilis deger —Hurda degeri / Ekonomik &miir
formlt yardimiyla hesaplanmistir (Capital, 2002).

e. Elektrik/su gideri: Buzag! blyltme boéliminde*
tiketilen elektrik ve su giderleri hesaplanmistir
(*buzag@inin bu bélmede kaldigi stire boyunca).

f. Althk Maliyeti: Saglkli buzagilarda althk degisimi
bes gin arayla, hastalarda ve 6lenlerde ise iki gin
arayla olacak sekilde althk degisimi yapiimistir. He-
saplamalarda altlik fiyati 1.6 TL/kg ($0.1) alinmistir.

d.Genel idare gideri: Buzagilarin sutten kesim yasi-
na kadar olusan genel idare giderleri (kirtasiye, tele-
fon, yonetici UGcretleri, yakit vs.) hesaplamalara dahil
edilmigtir.

h. Bakim/onarim gideri: Bakim ve onarim giderleri
buzagi buyltme bélimunin elde edilis degerlerinin %
3 (bakim=%1; onarim=%2) seklinde alinmigtir (Gunlu
ve Sakarya, 2001).

i. Olen buzag: gideri: Olen buzag maliyetinin he-
saplanmasinda blyitme giderleri (beslenme, isgilik,

Mehmet KUGUKOFLAZ

Veteriner Hekim, kontrol harcamasi, amortisman,
bakim/onarim, elektrik/su, genel idare ve altlik) ile
ilave giderler (iscilik, Veteriner Hekim ve tedavi) ve
8lim yasindaki (giin) bir buzaginin TIGEM tarafindan
irklara ve cinsiyete gore belirlenen buzagdi bedelleri
dikkate alinarak yapilmistir (TIGEM, 2022).

Istatistiksel analizler

Verilerin parametrik test varsayimlarina uygunlugu
normal dagihm igin Kolmogorov-Smirnov testi, var-
yanslarin homojenligi Levene testi ile kontrol edildi.
Anneye ait bilgiler kisminda anne yasi; buzagiya ait
bilgiler kisminda dogum mevsimi, buzagi irki ve ko-
lostrum alma durumu kategorik bagdimsiz degisken
olarak alinarak bagimh degisken (buzagilarin saglik
durumu) ile aralarindaki iliski beklenen gézlem sayila-
ri dikkate alinarak Pearsonki-kare istatistigi ile ince-
lendi. Buzagilarin babalarialgomeratif hiyerargik bir
yontem olaniki adimli (TwoStep) kimeleme analizi
ileikidogal ayrilarak ki-kare analizine dahil edildi. Bu-
za@ilarin saglik durumlari, maliyet ve gelir yoninden
tek orneklem t test ile karsilastirildi. Verilerin 6zetlen-
mesindeki-kare analiziigin frekans ve ylzdelikler, tek
orneklem t test icin aritmetik ortalama ve standart
sapma kullaniimistir. Istatistiksel analizlerde 1BM
SPSS 14 paket programi kullanildi. Anlamhilik dizeyi
P<0.05 olarak belirlendi.

Bulgular

Calisma bulgulari; anneye ait, buzagiya ait, hastalik
ve ekonomik analiz bulgulari seklinde doért kategoride
incelenmistir.

Anneye ait bulgular

Anne yag! ve laktasyon sayisinin buzagi hastaliklar
ve 6limu Uzerine etkisi incelenmis ve Tablo 2'de ve-
rilmistir.

Anne yasl ile buzagdi hastalik ve o6limleri arasinda
istatistiksel fark oldugu tespit edilmistir (P<0.05). En
disuk hastalik ve 6lim orani 5 ve Uzeri yastaki anne-

Tablo 2. Anne yasi ve laktasyon sayisina gore buzagi hastalik ve 6lim sayilari

Durum
Anne Yasi D1 D2 D3 Toplam P Degeri
(n=473) (n=521) (n=105) (n=1099)
2 158 (%46.7) 153 (%45.3) 27 (%8.0) 338 (%100.0) X?=11.814
3-4 229°(%38.8) 294" (%49.8) 67" (%11.4) 590 (%100.0) Sd=4
5 ve iizeri 86 (%50.0) 75 (%43.6) 11 (%6.4) 172 (%100.0) P<0.05
Laktasyon Durum Toplam
D1 D2 D3 ° P Degeri
Sayisi (n=473) (n=521) (n=105) (n=1099)
1 158 (%46.7) 153 (%45.3) 27 (%8.0) 338 (%100.0) %°=10.070
23 2357 (%39.2)  298% (%49.7) 67" (%11.2) 600 (%100.0) Sd=4
4 ve iizeri 80 (%49.7) 70 (%43.5) 11 (%6.8) 161 (%100.0) P<0.05

ab: qyni satirda farkli harfler ile gosterilen durumlar arasindaki farklilik istatistiksel olarak énemlidir.
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lerden dodan buzagilarda gortliirken, en yiksek has-
talik ve 6lum orani 3-4 yasindaki annelerin buzagila-
rinda goérdlmastir. Yani en saglikh buzagilar 5 ve
Uzeri yastaki annelerin buzagilari olmustur (Tablo 2).

Laktasyon sayisi ile buzagi hastalik ve élumleri ara-
sinda istatistiksel fark oldugu tespit edilmistir
(P<0.05). En dusuk hastalik ve 6lim orani, 4 ve Uzeri
laktasyona sahip annelerden dogan buzagilarda go-
rulirken, en yiksek hastalik ve 6lim orani 2. ve 3.
laktasyondaki annelerin buzagilarinda goérdlmustur.
Ayrica 2. laktasyondan sonra buzagilarda 6lim orani
giderek azalmigtir (Tablo 2).

Buzagiya ait bulgular

Dogum mevsimi ve babanin buzagi hastalik ve 6lim-
leri Uzerine etkisi incelenmig ve Tablo 3'de verilmigtir.
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yavrulari hastaliklara daha direncli olurken, bazilari-
nin daha hassas oldugu goriimustir (Tablo 3).

Buzagi irkinin hastaliklar ve 6liim lizerine etkisi

Buzagi irki ve kolostrum alma durumununhastaliklar
ve 0lim (zerine etkisi incelenmis ve Tablo 4’de veril-
mistir.

incelenen buzagi irki ile hastalik ve élim oranlari
arasinda istatistiksel bir iligki tespit edilmigtir
(P<0.001). Simental irki buzagilarin %31.4°’G sitten
kesilene kadar (70 gun) hi¢ hastalanmazken, %
68.6’s! en az bir kez hastalanmig, bunlarin %54.9'u
hastaligi atlatmis ve geriye kalan 54 buzagi (%13.7)
ise 6lmustir. Calisma boyunca 704 bas Holstein bu-
zagl diinyaya gelmistir. Bunlarin 349'u (%49.6) sag-
likli kalirken, 355 buzagi (%50.4) en az bir kez hasta-

Tablo 3. Dogum mevsimi ve babanin buzagi hastalik ve élimlerine etkisi

Durum
Dogum Mevsimi D1 D2 D3 Toplam P Degeri
(n=473) (n=521) (n=105) (n=1099)
~ Kis 1482 (%59.0) 77° (%30.7) 26° (%10.4) 251 (%100.0) 12,0 -
ilkbahar 126 (%43.8) 133(%46.2) 29 (%10.1) 288 (% 100.0) & ono
Yaz 109° (%32.9) 195° (%58.9) 27 (%8.2) 331 (%100.0) 001
Sonbahar 90 (%39.3) 116 (%50.7) 23 (%10.0) 229 (%100.0)
Durum
Baba/Grup D1 D2 D3 Toplam P Degeri
(n=473) (n=521) (n=105) (n=1099)
1 161% (%31.9) 284° (%56.3) 59° (%11.7) 504 (%100.0)  X?=46.841
2 312° (%52.4) 237°(%39.8) 46° (%7.7) 595 (%100.0) PSSB%H

ab. ayni satirda farkli harfler ile gosterilen durumlar arasindaki farklilik istatistiksel olarak énemlidir.

Calisma bulgularina gére, mevsim ile buzagi hasta-
liklari ve 6lim oranlar arasinda istatistiksel fark oldu-
gu tespit edilmistir (P<0.001). Mevsimler itibariyle en
fazla buzaginin yazin (%30.1) ve ilkbaharda (%26.2),
en az ise sonbaharda (%20.8) dogdugu belirlenmisgtir.
En fazla hastalik orani yaz mevsiminde daha sonra
sonbahar, ilkbahar ve en az kis mevsiminde olmus-
tur. Mevsimlere gére en fazla 6lum orani kis (%10.4)
mevsiminde olurken, en az 6lim orani ise yaz (%8.2)
mevsiminde olmustur. isletmedeki toplam hastalik
orani %73.6 olurken, ortalama oOlim orani ise OlU
dogumlar dikkate alindiginda %13.3; alinmadiginda
ise %9.6 olmustur (Tablo 3).

Calismada isletme tarafindan kullanilan 15 farkli bo-
ganin buzagi hastalik ve élimlerine etkisi incelenmis-
tir. Bu 15 farkli boga yapilan kiimeleme analizinde
program tarafindan 2 gruba ayriimistir. Elde edilen
bulgulara gére bodanin buzagd hastalik ve olimleri
Uzerinde etkili oldugu tespit edilmistir (P<0.001). Bi-
rinci grupta bulunan babalarin buzagilarinda hastalik
ve 6lum orani, ikinci gruptaki babalarin buzagilarin-
dan daha yiksek bulunmustur. Yani bazi babalarin
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lanmig ve 304’U (%43.2) tedaviye cevap vermis, geri-
ye kalan 51 buzagi (%7.2) ise tedaviye cevap verme-
yip 6lmustur. Simental buzagilarin hastalik ve 6lim
oranlari Holstein buzagilara gére daha fazla oldugu
gOrulmustir. Simental buzagilarda 6lim orani %5.5
daha fazla gerceklesmistir (Tablo 4).

Buzagilarin kolostrum alma durumu ile hastalik ve
6lum orani arasinda istatistiksel bir iliski oldugu tespit
edilmistir (P<0.001). Ayrica yetersiz kolostrum alan
toplam 130 buzaginin 37’si (%28.5) hi¢ hastalanma-
mis olup, 93 (%71.5) buzag! en az bir kez hastalan-
mis ve 23 (%17.7) buza@r 6lmustur. Yeterli miktarda
kolostrum alan 969 buzaginin 436’s1 (%45.0) sitten
kesim boyunca saglikli olup, hastalanan 533 (%55.0)
buzadinin 82’sinin (%8.5) ise &ldugu goéralmustar.
Buna gore yeterli miktarda kolostrum almayan buza-
gilarda hastalik ve 6lium oraninin yeterli miktarda
kolostrum alanlara gére daha fazla oldugu tespit edil-
mistir. Olim oraninda %9.2'lik fark olusmustur (Tablo
4).
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Tablo 4. Buzagi irki ve kolostrumalma durumunun hastaliklar ve 6lim tzerine etkisi

Durum
Buzagi Irki D1 D2 D3 Toplam P Degeri
(n=473) (n=521) (n=105) (n=1099)

Si a (o b (o b (o : X?=37.747
imental 124° (%31.4) 217° (%54.9) 54° (%13.7) 398 (%100.0) Sde?
Holstein 3497 (%49.6) 304° (%43.2) 51° (%7.2) 701 (%100.0) P<0.001
Kolostrum D1 Durgg‘ D3 Toplam P Degeri

Alma Durumu (n=473) (n=521) (n=105) (n=1099)
Yetersiz* a (o b (o b (0 o X?=18.790
etersiz 37% (%28.5) 70° (%53.8) 23° (%17.7) 130 (%100.0) Sde2
Yeterli** 436° (%45.0) 451° (%46.5) 82" (%8.5) 969 (%100.0) P<0.001

2P ayni satirda farkli harfler ile gdsterilen durumlar arasindaki farklilik istatistiksel olarak énemlidir. . *:<canh agir-
ligin %10’undan az/gunlik, **; zcanh agirhdin %10’undan fazla/ginlik

Ekonomik analiz

Calismada 1099 buzagiya ait biylUtme (beslenme +
iscilik + veteriner hekim + amortisman + bakim/
onarim + elektrik + su + althk + genel idare) maliyet-
leri ile birlikte hasta ve dlen buzagilara ait ilave (isgilik
+ veteriner hekim + ilag + 6len buzagi bedeli) maliyet-
ler ayri ayri hesaplanmistir.

1- Buzag biiyiitme, hastalik ve 6liim maliyetleri

Calismada elde edilen bulgulara goére, toplam buyt-
me maliyeti sadlikh buzagilarda 6295.3TL (=$340.3
ve 740.6 It sut esdegeri) olurken, hastalanarak iyile-
sen bir buzaginin blyitme maliyeti %3.4 (hastalik
maliyeti=213.3TL=$11.5) artarak 6508.6TL (=$351.8
ve 765.7 It siit esdegeri) olmustur. Olen buzagilarda
ise bilylitme maliyetlerine (2547.3TL= $137.7 ve
299.7 It sit esdegeri) 357.3TL (=$19.3 ve 42.0 It siit
esdegeri) hastalik maliyeti dahil edilmistir (ortalama

6lim glinii= 26) (Tablo 5).
Buzagilarin sitten kesime kadar (0-70 giin) biyttme,
hastalik ve 6lim maliyetleri Tablo 5'de verilmistir.

Tablo 5. Siitten kesim déneminde buzagdi biyiitme (D1), hastalik (D2) ve 6lim (D3) maliyetleri (0-70 giin)

. D1 D2 D3
Maliyet Unsuru TL % TL % TL %
A. Buzag Buyiitme Maliyeti (TL/Buzagi)

A1. Buzagi Besleme Maliyeti 4252.3 67.5 4252.3 65.3 1415.2 55.5
-Sut Maliyeti 3995.0 63.4 3995.0 61.4 1354.8 53.2
-BBY 230.3 3.7 230.3 3.5 54.1 2.1
-Kaba Yem 27.0 0.4 27.0 0.4 6.3 0.2

A2. isgilik 836.7 13.3 854.3 13.1 339.3 13.4

A3. Veteriner Hekim 310.5 5.0 340.8 5.3 162.9 6.4

A4. Amortisman 71.9 1.1 71.9 1.1 16.2 0.6

A5. Bakim/Onarim 2.2 0.04 2.2 0.03 0.5 0.02

A6. Elektrik 72.7 1.2 72.7 1.1 28.6 1.1

A7.Su 26.7 0.4 26.7 04 9.1 0.4

A8. Althik 370.3 5.9 434.3 6.7 146.8 5.8

A9. Genel idare 156.0 25 156.0 2.4 57.7 23

A10. Koruyucu Hekimlik 196.0 3.1 196.0 3.0 143.7 5.6

A11. llag Maliyeti - - 101.4 1.6 227.3 8.9

A12. Olen Buzag Bedeli* - - - - * -

Toplam Maliyet 6295.3 100.0 6508.6 100.0 2547.3* 100.0

*Olen buzadilarin isletmeye olan toplam maliyetinde; irk, yas ve cinsiyete gbre buzagi bedeli eklenecektir.
$1=18.5TL
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2- Hastalik ve dlimlerin igsletmeye olan toplam
maliyeti

Sitten kesim yasina kadar incelenen 1099 buzaginin
toplam hastalik ve 6lum maliyetleri Tablo 6'da veril-
mistir.

Tablo 6. Toplam hastalik ve 6lim maliyetleri (TL)

Erciyes Univ Vet Fak Derg 2023; 20(2): 94-103

Buzadi hastaliklarinin igletmeye toplam maliyeti
122650.8 (6629.8 $/yil) TL olurken, élimlerin maliyeti
1003760.5 (54257.3 $/yil) TL olmustur. Eger 6lu do-
gumlara bagli ekonomik kayiplar da dikkate alinirsa
(458858.3 TL= $24803.2) toplam &liimlere bagl eko-
nomik kayip 1462618.8 (79060.5 $/yil) TL olacak-

Hastalik HS THM OHM OBS TOBM* 00BM*
Sindirim S. 522 95810.3 185.5 52 502321.5 9660.0
Solunum S. 151 19540.0 129.4 29 284066.6 9795.4

Miks 29 7053.7 2432 20 186235.7 9311.8

Diger 2 246.8 123.4 4 31136.7 7784.1
Toplam Hastalik 704 122650.8 174.2 105 1003760.5 9559.6
Incelenen Hastalikl/ 5, , 122650.8 235.4 105 1003760.5 9559.6

Olen Buzag:

‘ilag+veteriner hekim-+isgilik+élen buzagi

Calismada elde edilen bulgulara goére, buzagilarda
sutten kesim déneminde en fazla hastalik ve dlimler
sindirim sistemi kaynakli olmustur. Hastalik basina
ortalama maliyet en yiksek miks hastaliklarinda
(243.2TL/vaka) hesaplanmistir. Ortalama dlen buzagi
maliyeti en yiksek solunum sistemi hastaliinda
(9795.4TL/bag) tespit edilmistir. Tim dénemlerde
hastalanan buzagilarin ortalama maliyeti 174.2TL/
vaka (235.4/bag), Olen buzagilarin ise ortalama
9559.6TL/bas ($516.7) olarak hesaplanmistir (Tablo

tir.Incelenen isletmede bir yilda toplam 1147 buzag
dogdmus, 48 buzag! 6li dogmus ve 105 buzadi da
dogduktan sonra olmak Uzere toplam 153 buzagi (%
13.3) 8lmustur (Tablo 6).

3- Hastalik ve oliimlerin maliyet, gelir ve karliliga
etkisi

Buzagilardaki hastalik ve dlimlerin maliyet, gelir ve
karliiga etkisi buzaginin irkina ve cinsiyetine gore
incelenmis ve Tablo 7°de verilmisgtir.

6).

Tablo 7. Buzaginin irkina ve cinsiyetine gore hastalik ve 6limlerin maliyet, gelir ve karlihda etkisi (TL)

Holstein Erkek D1 D2 D3 D2-D1 D3-D1 P Degeri
X +5 X +5 X +5 (Tek (")meklem
t Test)
Maliyet 6295.3 6492.4+119.1 8305.3£1926.8 1971 2010.0 <0.001
Gelir* 7201.6 6840.9 0.0 -360.7 -7201.6 -
Kar 906.3 348.5+119.1 -8305.3+1926.8 -557.8 -9211.6 <0.001
Holstein Disi D1 D2 D3 D2-D1 D3-D1 P Degeri
X +5 X +5 X +5 (Tek (")rneklem
t Test)
Maliyet 6295.3 6475.7469.0 10795.2+2563.2 180.4 4499.9 <0.001
Gelir* 9801.0 9311.6 0.0 -489.4 -9801.0 -
Kar 3505.7 2835.9+69.0 -10795.2+2563.2 -6698 14300.9 <0.001
Simental Erkek D1 D2 D3 D2-D1 D3-D1 P Degeri
X +5 X +5 X +5 (Tek (")rneklem
t Test)
Maliyet 6295.3 6539.2+124.6 12568.3+2323.1 243.9 6273.0 <0.001
Gelir* 10701.0 10165.9 0.0 -535.1 -10701.0 -
Kar 4405.7 3626.7+124.6 -12568.3+2323.1 -779.0 -16974.0 <0.001
Simental Disi D1 D2 D3 D2-D1 D3-D1 P Degeri
T+5 T+5 T+5 (Tek Orneklem
t Test)
Maliyet 6295.3 6541.2+161.3 16625.3+1578.6 2459 10330.0 <0.001
Gelir* 15211.0 14450.5 0.0 -760.5 -15211.0 -
Kar 8915.7  7909.3+161.3 -16625.3+1578.6 1006.4 25541.0 <0.001

* Durumlar kendi igerisinde gelir yéniinden sabit oldugundan istatistiksel test yapiimamistir.
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Calismada, hi¢ hastalik gegirmeyen Holstein erkek
buzagilar isletmeye sutten kesim ddénemi sonunda
906.3TL/bas ($49.0), hastalanip iyilegenler 348.5TL/
bas ($18.8) isletmeye kar sadlarken, hastalanip olen
buzagilar 8305.3TL/bas ($448.9) zarar olugturmustur
(Tablo 7).

Hic hastalik gegirmeyen Holstein disi buzagilar islet-
meye siitten kesim dénemi sonunda 3505.7TL/bas
($189.5), hastalanip iyilesenler 2835.9TL/bas
($153.3) kar saglarken, hastalanip olen buzagilar
10795.2TL/bas ($583.5) zarar olusturmustur (Tablo
7).

Calismada, hi¢ hastalik gegirmeyen Simental erkek
buzagilar isletmeye sitten kesim ddénemi sonunda
4405.7TL/bas  ($238.1), hastalanip iyilesenler
3626.7TL/bas ($196.0) kar sadlarken, hastalanip olen
buzagilar 12568.3TL/bas ($679.4) zarar olusturmus-
tur (Tablo 7).

Calismada, hi¢ hastalik gecgirmeyen Simental disi
buzagilar isletmeye sitten kesim ddnemi sonunda
8915.7TL/bag  ($481.9), hastalanip iyilegsenler
7909.3TL/bag ($427.5) isletmeye kar saglarken, has-
talanip 6len buzagilar 16625.3TL/bas ($898.7) zarar
olusturmustur (Tablo 7).

Tartisma ve Sonug

Ekonomik bir faaliyet olan sit sidirciiyinda ana gelir
sut Uretiminden elde edilirken, buzagilar da en 6nemli
tali geliri olugturmaktadir. O nedenle daha fazla karli-
lik i¢in bir taraftan hayvanlardan yuksek sut verimi
alinmasi hedeflenirken, diger taraftan da saglikli bu-
zagilarin elde edilmesi surinin gelecegi ve surduri-
lebilirlik agisindan énem arz etmektedir. Ayrica buza-
gilarin hayatta kalmasi ve saglikh bir sekilde buyuye-
rek Uretime katki saglamalan sut isletmelerinin dola-
yistyla Ulkenin sit endistrisinin gelecedi agisindan
onemli bir faktérdir (Akin, 2020; Akin ve ark., 2020).
Buzagi hastalik ve 6lumleri, isletmelerin ekonomilerini
etkiledigi gibi sektér ve ulke ekonomilerini de agir
kayiplara ugratmaktadir.

Anneye ait faktérler incelendiginde; mevcut ¢alisma-
da hastalik ve 6lim orani geng yastaki (<4 yas) anne-
lerin buzagilarinda daha fazla gortlmis, anne yasi-
nin ilerlemesi ile birlikte (=5 yas), buzagdi hastalik ve
Oluim oranlarinin azaldigi belirlenmistir. Anne yasi ile
benzer sonuclar laktasyon sayisinda da elde edilmis-
tir. Literatlirde geng yastaki annnelerin buzagilarinda
hastalik ve 6lim oraninin yiksek oldugunu bildiren
¢ok sayida galisma vardir (Cornaglia ve ark., 1992;
Fink, 1980; Johanson ve ark., 2011; John ve ark.,
2019; Raboisson ve ark., 2013; Sieber ve ark., 1989).
ileri yastaki annelerin buzagilarinin hastalik ve 8lim
oraninin dislk olmasinin nedenleri olarak; kolost-
rumlarindaki immun sistem elemanlarinin (IG’ler)
yuksekligi ve gi¢ dogum probleminin daha az goérul-
mesi gosterilebilir.

Mehmet KUGUKOFLAZ

Buzagiya ait faktorler incelendiginde; buzagi hastalk
ve 6limleri Gzerinde mevsimin énemli bir faktér oldu-
gu gorulmektedir. Clnkl iklim degisiklikleri (yagislar,
siddetli soguklar ve asin sicakliklar) immun sistem
yetersizlidi olan buzagilarda strese neden olmakta,
hastalik ve 6lim riskini artirmaktadir. Mevcut calig-
mada, hastaliklarin en ylksek (%58.9) yaz mevsimin-
de gorilmesine ragmen, buzagi 6liminin en yuksek
(%10.4) kis mevsiminde oldugu tespit edilmistir. An-
cak yaz aylarinda hastalik sayisi fazla olmasina kar-
silik, en dusuk 6lum orani (%8.2) bu mevsimde ol-
mustur. Almanya (Fink, 1980), ABD (Martin ve ark.,
1975), Belgika (Massip ve Pordant, 1975), Danimarka
(Reiten ve ark., 2018), Fransa (Raboisson ve ark.,
2013), ingiltere (Hyde ve ark., 2020), isvicre (Busoto
ve ark., 1997), Kanada (Renaud ve ark., 2018), Kore
(Hur ve ark., 2013), Norveg (Gulliksen ve ark., 2009)
ve Turkiye’de (Kozat, 2019; Hizli ve ark., 2017) yapi-
lan dnceki ¢calismalarda da benzer sekilde kis mevsi-
minde buzadi 6lim oraninin daha ylksek oldugu
bildiriimistir. ABD’de Godden (2008) ve Misirda Al ve
ark. (2019) tarafindan yapilan ¢alismalarda da yazin
hastalik oraninin ylksek olmasi ¢alisma bulgularini
desteklemektedir. Calismada buzagi hastalik orani-
nin yaz mevsiminde daha fazla olmasinda bu mev-
simde isletmede dogan buzagi sayisinin fazlaligina
bagl olarak hastaliklarin hizli yayillmasi, buzagi bagi-
na disen isgi sayisinin azalmasi ve predispoze fak-
torlerin (ylUksek sicakhia bagl stres durumu, hastali-
g1 taslyici sinek ve kus sayisinin artmasi) etkili olabi-
lecegi dusunilmektedir (Boyer Douglas ve Kuczyns-
ka, 2010; Rhoades ve ark., 2009). Kis mevsiminde
Olim oranlarinin yiiksek olmasinin nedeni olarak;
hava sicakliklarinin dustik olmasi sonucu buzagdinin
Uretmis oldugu enerjiyi hem hastaliklara karsi savun-
ma hem de vicut 1sinin saglanmasinda kullanmasi,
termoregulasyon saglanmamasi, ayrica bazi ¢calisma-
larda belirtildigi gibi kis aylarinda immunglobulin sevi-
yesinin daha dusik olmasi ve bagisikhgin olumsuz
etkilenmesi gosterilebilir (Kozat, 2019).

Calismada bogalarin (baba) buzagi hastalik ve 6lim-
leri Uzerinde etkili oldugu tespit edilmistir. Buzagilar-
da babalarindan dolayi genetik bazi hastaliklar goru-
lebilecegi gibi, hastaliklara kargi direncgte gecebilece-
ginden bazi babalarin buzagilari hastaliklara digerle-
rinden daha dayanikli olmustur. Ayrica bogalar, buza-
g1 dogum agirhgi tzerinde etkili oldugundan gig¢ do-
guma da neden olacagi i¢in dolayl bir sekilde buza-
gilarda hastalik ve élumlerin gértlme olasihgi artmak-
tadir. O nedenle, baba adaylarinin iyi belirlenmesi ve
takibi gerekmektedir.

Diger taraftan, galismada Simental irki buzagilarda
hastalik ve 6lim oranlari énemli diizeyde Holstein
buzagilara gore sirasiyla %11.7 ve %6.5 daha fazla
gOrulmustir. Bu calismaya benzer sekilde Yildirm ve
Kogak (2019) da Simental buzagilarda 6lim orani (%
12.6), Holstein buzagilardan (%8.2) yiksek bulmus-
tur. Mevcut gcalisma sartlarinda Simental buzagilarin
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Holstein irki buzagilara gére daha hassas oldugu,
kolay hastalandigi ve 6ldigi goriimustir. Turkiye'de
Ozellikle son yillarda st sigircihginda et yonl de
dikkate alinarak Simental irkinin tercih edildigi dikkat
cekmektedir. Fakat buna ragmen bu irktaki hastalik
ve 6lim oraninin daha g¢ok goérilmesi, isletmelerin ve
karar mekanizmalarinin degerlendirmesi gereken
onemli bir veri olarak karsimiza ¢ikmaktadir.

Buzagdilarin hastalanmasina ve élmesine neden olan
risk faktorlerinin bilinmesinin yaninda bunlarin islet-
melere olan maliyetleri de oldukga énemlidir. Oncelik-
le buzagilarin bir blyltme maliyeti bulunmaktadir.
Calismada 6len buzagilar dikkate alinmazsa, buyiuit-
me maliyetleri igerisinde en buyuk pay! besleme mali-
yeti (%55.5-67.5) olusturmaktadir. Bunu sirasiyla
isGilik (%13.1-13.4), altlik (%5.8-6.7), veteriner hekim
(%5.0-6.4), koruyucu hekimlik (%3.0-5.6), genel idare
(%2.3-2.5), ilag/tedavi maliyeti (hasta buzagilarda=%
1.7), elektrik+su (%1.5-1.6), amortisman (%0.6-1.1)
ve bakim/onarim giderleri (%0.02-0.04) takip etmek-
tedir. Calismaya benzer sekilde Tandogan (2006)
yaptigi galismada da en bliylik giderin besleme gideri
(%47.8) oldugunu sonra iscilik giderinin (%26.9) gel-
digini bildirmistir. Ayni sekilde Ginla ve ark. (2001)
Afyon’da st sidiri isletmelerinde yaptiklar gcalismada
en buylk giderlerinin beslenme (%58.5) ve iscilik (%
15.7) gideri oldugunu bildirmislerdir.

Saglikl buzagilarda sadece yukarida bahsedilen
blyltme giderleri yer alirken, hasta buzagilarda bun-
lara ilave olarak isgilik, veteriner hekim, ilag ve althk
masraflari yer almis ve Olen buzagilarda ise ilave
iscilik, veteriner hekim, ila¢ ve dlen buzagi bedeli yer
almistir. Calismada hasta buzagilarda ilave olarak
ortalama 213.3TL (=$11.5 ve 25.1 It sit esdegeri)
tedavi maliyeti olusurken, 6len buzagilarda buzagi
bedeli hari¢ ortalama 357.3TL’lik (=$19.3 ve 42.0 It
sut esdegeri) tedavi maliyeti olusmustur. Demir ve
ark. (2019) Kars’ta yaptiklari calismada hasta buzagi-
nin ilave maliyetinin 156.3TL ($29.4) oldugunu, 6len
buzad! basina ortalama kaybin ise 4597TL ($867.4)
oldugunu bildirmiglerdir. Vittum ve ark. (1993) Ameri-
ka'da yaptiklari galismada 6len buzagi basina kaybin
$216 (buzagi bedeli=$208, iscilik veteriner, ilag ve
karkas kaybi= $8) oldugunu bildirmislerdir. Kossabati
ve Esslemont (1997) yaptiklan calismada 6len buza-
g1 basina £310 kayip oldugunu bildirmiglerdir. Uza ve
ark. (2005) Nijerya‘daki isletmelerde buzagi élimle-
rinde, hayvan basina toplam maliyetinin ~$18.64
(~$17.75 buzagi bedeli, ~$0.89 ise veteriner hizmet-
leri, iscilik ve karkasta meydana gelen kayip) oldugu-
nu bildirmiglerdir.

Mevcut ¢alismada sindirim sistemi hastaliginda orta-
lama 185.5TL/vaka ($10.0), solunum sistemi hastali-
ginda 129.4TL/vaka ($6.9), miks hastaliklarda
243.2TL/vaka ($13.1) diger hastaliklar da ise 123.4TL
($6.7) ilave maliyet olusmaktadir. Kaneene ve Hurd
(1990) sindirim sistemi hastaligina bagh kaybin
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$33.5, solunum sistemine bagli kaybin ise $14.7 ol-
dugunu bildirmiglerdir. Van der Fels-Klerx ve ark.
(2001) solunum sistemi hastaliklarina bagli ilave ma-
liyetin €31.2, Chirase ve ark. (2001) $15.6 ve Dubro-
viski ve ark. (2020) $42.2 oldugunu bildirmiglerdir.
Busato ve ark. (1997) sindirim sistemi hastaligina
bagli kaybin 19.5 Isvigre Frangi, solunum sistemine
bagh kaybin ise 18.2 Isvicre Frangi oldugunu bildir-
miglerdir. Mevcut ¢alismada oldugu gibi literatlirde de
sindirim sistemi hastaliklarina bagli ilave maliyetlerin
solunum sisteminden daha fazla oldugu goériimustir.
Bunun muhtemel nedeni olarak, solunum sistemi
hastaliklarinda hastalikli glin sayisinin ve kullanilan
ilag miktarinin sindirim sistemi hastaliklarindan daha
az olmasi gosterilebilir (Busato ve ark., 1997; Kanee-
ne ve Hurd, 1990). Mevcut galismada hastaliklar ba-
sina ilave maliyetlerin diger bazi c¢alismalardan
(Busato ve ark., 1997; Chirase ve ark., 2001; Dubro-
viski ve ark., 2020; Van der Fels-Klerx ve ark., 2001)
daha dusuk bulunmasinin nedenleri olarak; ¢alisma-
nin entansif isletmede yiritilmis olmasi buzagi ba-
sina dusen isgi ve veteriner hekim Ucretlerinin disuk
olmasi (kismi verimliligin yuksekligi) ve tedavide kul-
lanilan ilaglarin sadece verilen dozu kadar (ml) he-
saplama yapilmasindan kaynakh olabilecedi ve diger
calismalardaki hesaplama yOntemleri, hastalik suresi
ve siddeti ile incelenen igletmelerin yapilarinin farkhl-
gindan kaynaklandigi sdylenebilir.

Mevcut calismada, sindirim sistemi kaynakli élen bir
buzaginin isletmeye ortalama maliyeti 9660.0TL
($522.1), solunum sistemi kaynakli 9795.4TL
($529.5), miks hastaliklarda 9311.8TL ($503.3) ve
diger hastaliklarda 7784.1TL ($420.8) bulunmustur.
Engelken ve ark, (1997) ABD’de yaptiklari galismada
sindirim sistemi hastaliklarina bagli buzagi dlimlerin-
de $215, solunum sistemi hastaliklarinda $263 kayip
oldugu bildirilmistir. Hastaliklarda olusan ilave kayip-
lar miks hastaliklarda en yiksek iken, 6limlerde en
yuksek ekonomik kaybin solunum sistemi hastalikla-
rinda olmasinin nedeni, solunum sistemi hastaliklari-
nin bu ¢alismada oldugu gibi genellikle ileri yaglarda
gOrulmesinden dolayi, élen buzadinin yasi arttikca
maliyetinin de artmasidir.

Sonug olarak, Tirkiye'de entansif bir igletmede yuri-
tilen galismada gorilen buzagi 6lim oranlari (%9.6)
hedeflenen degerden (<%5) yuksek bulunmustur.
Ayrica hastaliklarin da hayvan basina ilave maliyeti-
nin yiksek olmasindan [sindirim sistemi hastaliginda
ortalama 185.5TL/vaka ($10.0= 21.8 It st esdegeri),
solunum sistemi hastaliinda 129.4TL/vaka ($6.9=
15.2 It suit esdegeri), miks hastaliklarda 243.2TL/vaka
($13.1= 28.6 It st esdegeri) diger hastaliklar da ise
123.4TL ($6.6= 14.5 It siit esdederi)] dolay1 hayvanci-
ligin lokomotifi olan sut sigirciliginda, hem sit hem
de besiciligin gelecegi niteliginde olan buzagilardaki
hastalik ve 6limlerin azaltilabilmesi igin;

-buzagr saghgini etkileyen risk faktorlerinin (genel
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olarak igletmelerin uygulamalari, anneye ait ve buza-
diya ait risk faktorleri) isletmeler ve karar vericiler
tarafindan iyi bilinmesi ve gerekli tedbirlerin alinmasi,

-kolostrumun zamaninda, yeterli miktarda ve kalitede
igirilmesinin saglanmasi,

-calismada goriuldigu Uzere Holstein irkinin, Simen-
tal irkina gére hastaliklara ve o6lime daha direncli
olmas! nedeniyle, igletmelerin Irk seciminde daha
fazla dikkat etmesi gerektigi, babalarin da buzag
saghgini etkilemesinden dolayi kullanilan boga ya da
spermalarinin kayit altina alinip takip edilmesi gerek-
tigi,-mevsimlere bagl olusabilecek (olumsuz hava
sarti, predispoze faktorler vb.) olumsuzluklarin iglet-
meler tarafindan iyi analiz edilerek gerekli dnlemlerin
alinmasi,

-ileri yasl annelerde buzagi hastalik ve 6lim oraninin
geng yastaki annelere gore daha az goriilmesinden
dolayi ileri yasli annelerin igletme karliligini olumsuz
etkileyecek bir saglik problemi olmadidi surece da-
mizlik olarak kullaniimasi gerekmektedir. Bu bahsedi-
len risk faktorlerinin elimine edilmesi halinde buzagi
hastalik ve olumleri hedeflenen degerlere kademeli
olarak cekilebilir. Aksi takdirde buzadi hastalik ve
Olimleri hem ureticilerde hem de ulusal Oolgekte
Onemli ekonomik kayiplara neden olmakta ve surdi-
rulebilir hayvancilik igin risk olusturarak karlihdi ve
verimliligi dugtrmektedir.
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Abstract: In this study, it was aimed to determine the effects of the addition of almond hull, which has no economic
value and causes environmental pollution, to alfalfa silage as an easily soluble carbohydrate source on silage quality,
fermentation characteristics and in vitro organic matter digestion (IVOMD). The groups were designed to contain 0%
(control), 1%, 2%, 4% and 6% almond hull, respectively. When the IVOMD and metabolizable energy (ME) values of
the silages were examined, increases were observed in all additive groups compared to the control group. When the
pH, NH3-N/TN and carbon dioxide (CO,) values of the silages were examined, the highest values were determined in
the control group, while the lowest pH, NH3-N/TN and CO, values were determined in the silage group with 6% almond
hull added. Although an increase was determined in all trial groups in terms of lactic acid (LA) and acetic acid (AA)
values of silages compared to the control group, the highest values were determined in the group with 6% almond hull
addition, and a decrease was determined due to the increase in almond hull in terms of butyric acid (BA) values. Yeast
and mold values of the silages decreased due to the increase in almond hull compared to the control group. As a re-
sult, it was determined that the addition of 6% almond hull as an easily soluble carbohydrate source had a positive
effect on alfalfa silage quality and fermentation characteristics.

Keywords: Almond hull, silage, silage additives, silage fermentation

Yonca Silajina Badem (Prunus dulcis) Kabugu ilavesinin Silaj Kalitesi ve in Vitro Sindirilebilirlik Uzerine Etkisi
Oz: Bu calismada ekonomik degeri bulunmayan ve gevre kirliligine neden olan badem kabuklarinin kolay ¢éziinebilir
karbonhidrat kaynagi olarak yonca silajina ilavesinin silaj kalitesi, fermantasyon ¢zellikleri ve in vitroorganik madde
sindirimi Uzerine etkilerinin belirlenmesi amaglanmistir. Gruplar sirasiyla %0 (kontrol), %1, %2, %4 ve %6 badem kabu-
Ju icerecek sekilde tasarlanmistir. Silajlarin in vitro organik madde sindirimi (IVOMS) ve metabolik enerji (ME) degerleri
incelendiginde kontrol grubuna kiyasla tim katkili gruplarda artislar gézlemlenmistir. Silajlarin pH, amonyak azotu (NH3
-N/TN) ve karbondioksit (CO;) degerleri incelendiginde, en ylksek degerler kontrol grubunda tespit edilirken, en disuk
%6 badem kabugu ilave edilen silaj grubunda tespit edilmistir. Silajlarin laktik asit (LA) ve asetik asit (AA) degerleri
kontrol grubuna kiyasla tim deneme gruplarinda artis gostermis, en yiksek %6 badem kabugu ilavesinin oldugu grup-
ta belirlenmigtir. Butirik asit (BA) degerleri bakimindan badem kabugu artisina bagh olarak azalma tespit edilmistir.
Silajlarin maya ve kuf degerleri kontrol grubuna kiyasla badem kabugu artisina bagli olarak azalmigtir. Sonug olarak
kolay eriyebilir karbonhidrat kaynagdi olarak %6 badem kabugu ilavesinin yonca silaj kalitesi ve fermantasyon &zellikleri
Uzerine olumlu etkisinin oldugu belirlenmigtir.

Anahtar kelimeler: Badem kabugu, silaj, silaj katkilar, silaj fermantasyonu

Introduction silage making, because the alfalfa plant is insufficient
in terms of easily soluble carbohydrates and its buff-
ering capacity is high (Kurtoglu, 2011). In order to

eliminate these negativities, the use of easily soluble

Alfalfa is a perennial and multiform plant among legu-
minous forage crops, and it is a delicious forage plant

rich in nutrients, especially crude protein (Gokkaya
and Orak, 2021). Additives are needed in case of
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carbohydrate sources such as molasses, whey and
cereal grains to alfalfa silage has found a widespread
application area (Topguoglu and Ersan 2020). Al-
mond, one of the easily soluble carbohydrate
sources, is a stone fruit seed belonging to the
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"Amygdalus" genus of the "Prunoideae" subfamily of
the "Rosaceae" family of the "Rosales" team. Almond
cultivation is carried out in Turkey, mostly in the Ae-
gean Region (especially the Datga peninsula), and in
the Mediterranean, Central Anatolia and Marmara
Regions. As a result of breeding studies carried out in
recent years, the emergence of new varieties with
high efficiency and high economic return increases
the interest in almond cultivation. For this reason, it is
observed that almond production is increasing rapidly
in Southeastern Anatolia and other regions. Alimonds
contain approximately 50% fat, 16.9% starch and 100
g has an energy content of approximately 575 kcal.
Almonds contain high levels of monounsaturated fatty
acids (MUFA) (62%) and are known to have the low-
est saturated fat content (24%) among all nuts
(Topguoglu and Ersan, 2020). The yield part of al-
mond consists of 23% hazelnut kernel, 13% waste
material, 14% shell and 50% hull. Almond hulls con-
tain 10-30% moisture, 10-17% fiber, 1-4% oil, 2-5%
protein and 50-60% nitrogen-free extract. This nitro-
gen-free extract contains sugars and other carbohy-
drates (EPA 1995; Holtman and ark., 2015).

This study was carried out to determine whether the
addition of almond hull, which has no economic value
and causes environmental pollution, to alfalfa silage
as an easily soluble carbohydrate source has a posi-
tive effect on silage quality, fermentation properties
and in vitro organic matter digestion.

Material and Method

The silage material of the research consisted of alfal-
fa grown in a farm in Sanlurfa. The alfalfa (Medicago
sativa L) used in the study was harvested at full
bloom and chopped in a silage machine in sizes of
1.5-2.0 cm. Almond hulls (AH) were taken as dried
and ground from an almond processing plant in
Sanliurfa organized industrial zone. The buffering
capacity of the fresh alfalfa used in the study was
determined according to the method reported by
Playne and McDonald (1966). In the study, while
alfalfa plant without additives constituted the control
group, the trial groups consisted of 1%, 2%, 4% and
6% almond hulls added groups. Control and each
trial group were compressed into 1.5-liter glass jars in
4 repetitions. The silages were fermented in a dark
environment for 60 days before opening. During this
time, the silages were stored at room temperature.
After the silages were opened, a 3-5 cm section was
discarded from the top of the jar. After the silages
were poured into a container, approximately 25 g of
silage sample was mixed homogeneously with 100
ml of distilled water with the help of a blender. The
macerated silage samples were filtered through two
layers of cheesecloth and the pH values of the filtrate
were measured with a laboratory pH meter (Hanna
instruments, Romania (WTW-7310)) (Polan et
al.,1998). 10 ml samples were taken from the ob-
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tained silage liquid in blender and placed in tubes
after filtering. In addition to the silage liquid, 0.1 ml of
1 M HCI was added to the tubes prepared for ammo-
nia nitrogen (NH3;-N) analysis. For the analysis of
lactic acid and volatile fatty acids, 0.25 ml of 25%
metaphosphoric acid was added to the prepared
tubes.The tubes prepared for ammonia nitrogen, lac-
tic acid and volatile fatty acids analyzes were stored
in the deep freezer until analysis. NH3-N/TN analyzes
of the silage samples were performed according to
the method reported by Broderick and Kang (1980).
Volatile fatty acids such as propionic acid, acetic acid
and butyric acid and lactic acid were determined as
reported by Suzuki and Lund (1980). For this reason,
high performance liquid chromatography (HPLC)
device (Shimadzu LC-20 AD HPLC pump, Icsep-
Coregel (87H3 colon), Shimadzu SIL-20 ADHT Au-
tosampler, Shimadzu cto-20ac Colum oven, Shimad-
zu SPD M20A Detector (DAD), Japan) was used.
The silages obtained in the study were subjected to
aerobic stability test in order to determine the CO,
production values. For this purpose, silages were
developed by Ashbell et al. (1991) was exposed to
oxygen for 5 days according to the method reported.

While the raw nutrient contents of the silages (such
as dry matter, crude ash, crude protein) were made
according to the method reported by AOAC (2005),
the acid detergent fiber (ADF) and neutral detergent
fiber (NDF) analyzes of the silages were performed
as reported by Van Soest et al. (1991). Before the
raw nutrient analysis, the silages were dried at room
temperature and ground in a laboratory mill to pass
through a 1 mm sieve and made ready for analysis.
While determining the in vitro organic matter digesti-
bility (IVOMD), metabolizable energy (ME) and in
vitro methane (CH4) contents of silages, the method
reported by Menke and Steingass (1988) was ap-
plied.The gas production values of the silages were
determined through the method described by Menke
and Steingass (1988) using four glass syringes as
replicate. The in vitro organic matter digestibility
(IVOMD) (g/kg OM) and metabolizable energy (ME)
(MJ/kg DM) of silages were calculated using equa-
tions reported by Menke and Steingass (1988).

ME(MJ/kgDM)
=2.20+0.136xGp+0.057xCP+0.0029%CP?,

IVOMD (%)=14.88+0.889xGp+0.45xCP+0.0651xXA,

where CP is CP in g/100 g DM, crude ash in g/100 g
DM and gas production is the net gas production (ml)
from 200 mg DM after 24 h of incubation. After re-
cording 24-h gas production values, gas inside the
syringe was taken by three-way syringe system and
total gas was injected into computer-assisted infrared
methane gas meter (Sensor Europe GmbH, Erkrath,
Germany) and then methane content was determined
as a percentage of 24 h the total amount of gas
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formed (Goel et al.2008) Yeast and mold contents of
silages were determined using the method reported
by Filya et al. (2000).The conformity of the data to the
normality distribution was determined by looking at
the Histogram graph. One Way Analysis of Variance
(One Way ANOVA) was used in the evaluation of the
data obtained as a result of the research. The homo-
geneity of the variances was examined in the Test of
Homogeneity of Variance analysis. Duncan's multiple
comparison tests were applied to compare group
means by using SPSS (1991) package program. A
value of 0.05 was used as the level of significance
between the groups.

Results

The nutrient analysis results of alfalfa plant used as
silage material and almond hull used as additive in
the study are presented in Table 1. When Table 1
was analyzed, DM, CA, CP, ADF, NDF, IVOMD, ME
and CH,4 values of alfalfa plant used as silage materi-
al are 23.45%, 13.05 DM%, 16.70 DM%, 34.99%

Sadik Serkan AYDIN

tively.

The nutrient contents, IVOMD, ME and in vitro CH,
values of the silages prepared by adding almond hull
at different rates (1%, 2%, 4% and 6%) to alfalfa
plants are given in Table 2. When Table 2 was ana-
lyzed, it was found that the differences between the
groups were statistically significant in DM, CA, CP,
ADF and NDF, IVOMD, ME values of the silages
(P<0.05).

Within the scope of this study, the fermentation char-
acteristics of the silages prepared by adding different
ratios of almond hull to alfalfa plant as an easily solu-
ble carbohydrate source and the correlation results of
the analyses are given in Table 3 and Table 4. When
Table 3 was analyzed, it was seen that the differ-
ences between the groups were significant when the
fermentation characteristics (pH, NH3-N, LA, AA,
yeast, mold, CO,) of the silages were examined
(P<0.05). When Table 4 is examined, it has been

Table 1. Crude nutrient contents of alfalfa plant used as silage material and almond hull used as additive in the

study
BC DM CA CP ADF NDF IVOMD ME CH,
Alfalfa 450 23.45 13.05 16.70 34.99 56.44 58.52 8.79 14.68
Almond hull - 92.50 15.50 3.80 35.59 50.76 34.39 4.98 1.30

BC: Buffering capacity meq/kg DM, DM: Dry matter, %; CA: Crude ash DM%; CP: Crude protein, DM%, ADF:
Acid detergent fiber, %DM, NDF: Neutral detergent fiber, %DM; IVOMD:In vitro organic matter digestibility %,
ME :Metabolizable energyMJ/kg DM, CHy: In vitro methane gas (%).

DM%, 56.44% DM%, 58.52%, 8.79 MJ, respectively.
For the same parameters /kg DM and 14.68%, al-
mond hulls values were determined as 92.50%,
15.50 DM%, 3.80 DM%, 35.59% DM%, 50.76%
DM%, 34.39%, 4.98 MJ/kg DM and 1.30%, respec-

determined that there is a correlation between the
fermentation characteristics of alfalfa silages and the
yeast and mold values.

Table 2. Nutrient contents and IVOMD, ME and in vitro CH4 values of alfalfa silages prepared by adding almond

hull at different rates

Groups DMzSE CAtSE CP4SE ADF+SE NDFtSE  IVOMDiSE MESE  CHSE
Control 20.49°t0.23 12.93°:0.14 16.27°t0.04 34.85°+0.67 49.61°t0.27 53.29°+0.50 7.84°+0.07 14.60%0.21
%1 almond hull 20.52°:0.73 12.43°:0.29 16.75°t0.26 35.48°t0.28 50.12°t0.34 53.52°:0.62 7.87°:0.11 13.28+1.17
%2 almond hull 21.41°40.27 11.42°:0.15 16.82°0.14 35.99%°+0.40 50.16°0.64 57.43°+1.27 8.69°+0.07 14.64+0.13
%4 almond hull  23.04°:0.63 11.16°+0.09 15.46°+0.23 36.04°°+0.28 52.66°°+0.97 57.86°+1.46 8.54°+0.28 15.24+0.17
%6 almond hull 25.02°:0.63 11.06°+0.06 15.34°+0.17 37.13%:0.43 54.31%+1.81 58.80°+0.26 8.60°:0.92 14.89+0.31
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 >0.05

#€: Values with different letters in the same column were found to be different (P<0.05); SE:Standard er-
ror,DM:Dry matter, %; CA: Crude ash DM%; CP: Crude protein, DM%, ADF: Acid detergent fiber, %DM; NDF:
Neutral detergent fiber, %DM, IVOMD:In vitro organic matter digestion %, ME:Metabolizable energy MJ/kg
DM ,CHy:In vitro methane gas (%).
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Discussion and Conclusion

When Table 2 was analysed, it was found that the
differences between the groups were statistically
significant in DM, CA, CP, ADF and NDF, IVOMD,
ME values of the silages, while the differences be-
tween the in vitro CH4 values were not statistically
significant.

When the DM contents of the silages prepared by
adding different ratios of almond hull to alfalfa plants
were analysed, an increase in the DM levels was
observed in parallel with the increase in the addition
of almond hull compared to the control group. The
increase in DM level can depend on the high DM
level of almond hull. When the CA values were ana-
lysed, a decrease was observed due to the addition
of almond hulls. Kurtoglu (2011) reported that this
was due to the difference in inorganic matter levels of
silage materials and additives. When the CP values
of the silages were examined, a decreasing trend
was observed in the CP level depending on the addi-
tion of 4% and 6% almond hulls. This decrease was
due to the low CP content of almond hulls. When
ADF and NDF values of the silages were analysed,
an increase in ADF and NDF values was observed
parallel to the increase in almond hull. In this study,
the difference in ADF and NDF values between the
control group and the trial groups was considered to
be due to the high ADF and NDF contents of almond
hull.

Kepekci (2020) reported that the addition of anise
seed as an easily soluble carbohydrate source to
alfalfa silage increased NDF values. When IVOMD
and ME values of silages were examined, increases
were observed in all trial groups compared to the
control group. It was considered that the main fer-
mentation product in silages was LA and LA was
fermented in the rumen and evaluated by ruminants
and accordingly increased IVOMD and ME values
(Okuyucu et al., 2018). When Table 4 was examined,
it was seen that there was a positive correlation be-
tween LA and IVOMD (R: 0.553) and LA and ME (R:
0.482). Similarly, Sakalar and Kamalak (2016) report-
ed that the addition of sugar beet pulp as an additive
to alfalfa silage increased IVOMD and ME values,
which supports the results obtained from this study.

When the fermentation characteristics (pH, NHs-N,
LA, AA, yeast, mold, CO,) of alfalfa silages prepared
by adding almond hulls at different rates were exam-
ined, the differences between the groups were found
to be significant (P<0.05). When the pH values of the
obtained silages were analysed, the highest pH value
(5.55) was obtained from the control group, while the
lowest pH value (4.49) was determined in the group
with 6% almond hull addition. As the water-soluble
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carbohydrate content of the silage material increases,
the ideal acidic environment required for obtaining
qualified silage is formed. Therefore, it is expected
that the silage pH will decrease with the addition of
almond hull to alfalfa silage. In this study, the lower
pH values in the almond hull added groups compared
to the control group may be attributed to the fact that
the low water-soluble carbohydrate content of alfalfa
plant was tolerated with almond hull additive and the
lactic acid values in the additive groups were high
due to the effect of this additive. When the correlation
table of the silages obtained was examined, it was
observed that there was a negative correlation be-
tween pH and LA. Similarly, Stallings et al. (1981)
reported that the addition of 1% arabinose and 1%
glucose to alfalfa plants decreased pH values in si-
lages and increased silage quality.

When the NH3-N/TN values of the silages prepared in
this study were compared, it was determined that
although a decrease was observed due to almond
hull addition, the highest NH3-N/TN value (33.68) was
in the control group, while the lowest NH3-N/TN value
(11.58) was in the group with 6% almond hull addi-
tion. It was considered thought that this decrease in
silage NH3-N/TN values was due to the fact that easi-
ly soluble carbohydrate sources had a positive effect
on silage fermentation and reduced proteolysis
(Bingdl et al., 2009). Similarly, Yakigir and Aksu
(2019) reported that dried sugar beet pulp with mo-
lasses, which they added to alfalfa silage at different
levels, considerably prevented the denaturing of pro-
tein fractions. It was reported that the use of additives
with easily soluble carbohydrate content as an addi-
tive source in silage production from alfalfa plants
created a good fermentation environment for lactic
acid bacteria, and microorganisms can multiply rapid-
ly and minimize protein degradation by lowering the
pH of the environment (Kung et al., 1984). When the
correlation table was examined, the observation of a
negative correlation (R:-0.603) between LA and NHs-
N/TN supports this report.

When the LA and AA values of the silages were ex-
amined, increases in LA and AA values were ob-
served in all trial groups compared to the control
group, but the highest values were determined in the
group with 6% almond hull addition. Orloff and Muller
(2008) reported that the water-soluble carbohydrate
content of high-quality alfalfa silage during the fer-
mentation stage was converted to LA and AA, and
the pH of the environment was rapidly reduced to the
level of 4-5. When the correlation table was exam-
ined, it was seen that there was a positive correlation
(R: 0.398) between LA and AA. Gao et al. (2021)
reported an increase in LA values due to the addition
of molasses and fructose to alfalfa silage, which
agreed with the present study. Tabacco et al. (2006)
reported that the addition of chestnut shell increased
the LA value in alfalfa silage prepared by adding 2, 4
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and 6% chestnut tannin compared to the control
group. In the silages prepared with the addition of
almond hulls at different ratios in this study, PA was
not observed in the groups with 4% and 6% almond
hull addition, while the highest PA value (1.19 g/kg
DM) was determined in the group with 2% almond
hull addition (P<0.05). The BA values of alfalfa silag-
es prepared in this study showed a decreasing trend
due to the increase in almond hulls, but it was not
observed in the group with 6% almond hull (P<0.05).
The fact that alfalfa plant has high CP and low DM
and WSC content causes a deficiency in lactic acid
production, which is necessary to inhibit the growth of
clostridial bacteria (Weinberg et al., 1988). As a result
of this situation, saccharolytic clostridia convert WSC
and organic acids in the plant structure into butyric
acid (Ohshima et al., 1997). Although butyric acid is
an undesirable organic acid to be present in silo feed,
it is usually present in the silo at the level of 0.1-
0.7%, and this value receives the highest score at the
level of 0-1.5% according to German Agricultural
Society (Deutsche Landwirtschafts-Gesellschaft,
DLG) (DLG, 1987). Similarly, Ozaslan (2016) report-
ed that the addition of corn syrup as an easily soluble
carbohydrate source to alfalfa silage decreased the
silage butyric acid value, which supports the present
study.

In this study, when the yeast and mould values of the
silages prepared with the addition of almond hulls at
different rates to alfalfa plants were examined, a de-
crease was observed due to the increase in almond
hull compared to the control group. In her study,

When the correlation table was examined, it was
seen that the negative correlation between AA and
yeast values and AA and mould supported this state-
ment. In the study, on the 5th day of aerobic stability,
the CO; production amounts of the silage groups with
almond hull addition ranged between (1.25-2.38) g/kg
DM, but a decrease was observed in all trial groups
due to the increase in almond hull compared to the
control group (P<0.05). The highest acetic acid, the
lowest yeast and mould amount and the lowest CO,
ratio level supports the statement reported by Ali et
al. (2020) that the amount of acetic acid produced by
heterolactic LAB fermentation in silages in the addi-
tive groups has an inhibitory effect against microor-
ganisms that cause silage deterioration, prevents the
reproduction and activity of yeasts, reduces CO, pro-
duction, in other words, improves aerobic stability
values. When the correlation table was examined, it
was seen that the negative correlation observed be-
tween LA, AA and CO; supported this report. Yayla
(2019) reported that the addition of waste jam to alfal-
fa silage reduced the CO, value and improved aero-
bic stability compared to the control group.

When the results obtained in this study were evaluat-
ed in terms of all parameters, it was concluded that
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alfalfa silages prepared with the addition of 6% al-
mond hull had positive effects on silage quality, fer-
mentation characteristics and in vitro organic matter
digestion, almond hull can be used as silage additive
and the best results were obtained with the addition
of 6% almond hull.

References

Ali N, Wang S, Zhao J, Dong Z, Li J, Naza M, Shao
T. Microbial diversity and fermentation profile of
red clover silage inoculated with reconstituted
indigenous and exogenous epiphytic microbiota.
Bioresour Technol 2020; 314: 123606.

AOAC. Official methods of analysis, Association of
official analytical chemists, Washington DC. 2005.

Ashbell G, Weinberg ZG, Azrieli A, Hen Y, Horev B.
A simple system to study the aerobic
determination of silages. Can Agric Eng 1991;
34:171-5.

Bingdl N T, Bolat D, Karsli MA, Akga i. Arpa hasili ve
korunga karisimi silaja farkli dizeylerde melas
ilavesinin silaj kalitesi ve sindirilebilirligi Gzerine
etkileri. Atatirk University J Vet Sci 2009; 4(1): 23
-30.

Broderick GA, Kang JH. Automated simultaneous
determination of ammonia and total amino acids
in ruminal fluid and in vitro media. J Dairy Sci
1980; 63(1): 64-75.

DLG. Bbewertung von grinfutter, silage und heu.
Merkblantt, DLG-Verlag, Deutschland, 1987; 224.

Environmental Protection Agency (EPA). Emissions
Factors & AP 42. Fifth Edition, Volume 1, Chapter
9: Food and Agricultural Industries. 9.10.2.1
Almond Processing,1995. https://www3.epa.gov/
ttn/chief/ap42/ch09/index.html; Accessed Date:
20.02.2023

Filya I, Ashbell G, Hen Y, Weinberg ZG. The effect of
bacterial inoculants on the fermentation and
aerobic stability of whole crop wheat silage. Anim
Feed Sci Technol 2000; 88(1-2): 39-46.

Gao R, Wang B, Jia T, Luo Y, Yu Z. Effects of
different carbohydrate sources on alfalfa silage
quality at different ensiling days. Agriculture 2021;
11(1): 58.

Goel G, Makkar HP, Becker K. Effects of Sesbania
sesban and Carduus pycnocephalus leaves and
Fenugreek (Trigonella foenum-graecum L.) seeds
and their extracts on partitioning of nutrients from
roughage-and concentrate-based feeds to
methane. Anim Feed Sci Technol 2008; 147(1-3):
72-89.



Erciyes Univ Vet Fak Derg 2023; 20(2): 104-110

Gokkaya G, Orak A. Bazi yonca c¢esitlerinde
(Medicago sativa L.) bigim zamaninin ot verimi ve
kalitesi Uzerine etkilerinin saptanmasi. YYU J
Agric Sci 2021; 31(2): 434-52.

Holtman KM, Offeman RD, Franqui-Villanueva D,
Bayati AK, Orts WJ. Countercurrent extraction of
soluble sugars from almond hulls and assessment
of the bioenergy potential. J Agric Food Chem
2015; 63(9): 2490-8.

Kepekci S. Anason tohumunun (Pimpinella anisum
L.) yonca silajlarinin bazi kalite parametreleri
Uzerine etkisinin belirlenmesi, M.Sc. Thesis, Univ
Usak Grad Edu Inst, Usak 2020; p.1-57.

Kung Jr L, Grieve DB, Thomas JW, Huber JT. Added
ammonia or microbial inocula for fermentation
and nitrogenous compounds of alfalfa ensiled at
various percents of dry matter. J Dairy Sci 1984;
67(2): 299-306.

Kurtoglu V. Silaj ve Silaj Katkilari. Konya: Aybil
Yayinevi, 2011.

Menke KH, Steingass H. Estimation of the energetic
feed value obtained from chemical analysis and in
vitro gas production using rumen fluid. Anim Res
Dev 1988; 28: 7-55.

Ohshima M, Ohshima Y, Kimura E, Yokota H.
Fermentation quality of alfalfa and ltalian ryegrass
silages treated with previously fermented juices
prepared from both the herbages. Anim Sci
Technol (Japan) 1997; 68(1): 41-4.

Okuyucu B, Ozdiiven M L, Kog F. Farkl diizeylerde
laktik asit bakterileri ile enzim ilavesinin yas bira
posasi silajlarinda fermantasyon, aerobik stabilite
ve in vitro sindirim Gzerine etkileri. Alinteri J Agric
Sci 2018; 33(2): 145-51.

Orloff SB, Mueller SC. Harvesting, curing, and
preservation of alfalfa. Summers CG, Putnam DH.
Eds. In: Irrigated Alfalfa Management in
Mediterranean and Desert zones. Univ Cal Agric
Nat Res Publ 2008, 8300.

Ozaslan A. Misir surubunun yonca silaji yapiminda
kullanimi, M.Sc. Thesis, Kahramanmaras Stgl
imam Univ Grad Sch Nat Appl Sci,
Kahramanmaras 2016.

Playne M J, McDonald P. The buffering constituents
of herbage and of silage. J Sci Food Agric 1966;
17(6): 264-268.

Polan CE, Stieve D, Garrett J. Protein preservation
and ruminal degradation of ensiled forage treated
with heat, formic acid, ammonia or microbial inoc-
ulant. J Dairy Sci 1998; 81:765-76.

Sadik Serkan AYDIN

SPSS. Inc. Statistical package for the social sciences
(SPSS/PC+). Chicago, IL, 1991.

Stallings CC, Townes R, Jesse BW, Thomas JW.
Changes in alfalfa haylage during wilting and
ensiling with without additives. J Anim Sci 1981;
53(3): 765-9.

Suzuki M, Lund CW. Improved gas-liquid
chromatography for simultaneous determination
of volatile fatty acids and lactic acid in silage. J
Agric Food Chem 1980; 28(5): 1040-1.

Sakalar B, Kamalak A. Melash kuru seker pancari
posasinin  yonca bitkisinin  silolanmasinda
kullaniimasi. Anadolu Tarim Bilim Derg 2016; 31
(1): 157-64.

Tabacco E, Borreani G, Crovetto GM, Galassi G,
Colombo D, Cavallarin L. Effect of chestnut tannin
on fermentation quality, proteolysis, and protein
rumen degradability of alfalfa silage. J Dairy Sci
2006; 89(12): 4736-46.

Topguoglu E, Yimaz Ersan L. Fonksiyonel
beslenmede bademin énemi. Bursa Uludag Univ
Ziraat Fak Derg 2020; 34(2): 427-41.

Van Soest PJ, Robertson JB, Lewis BA. Methods of
dietary fiber, neutral detergent fiber and non
starch polysaccharides in relation to animal
nutrition. J Dairy Sci 1991; 74: 3583-97.

Weinberg Z G, Ashbell G, Azrieli A. The effect of
applying lactic bacteria in ensiling on the chemical
and microbiological composition of vetch, wheat
and alfalfa silages. J Appl Bacteriol 1988; 64: 1-8.

Yakigir BO, Aksu T. Farkli seviyelerde melash kuru
seker pancari posasi ilavesinin yonca silaji
kalitesi Uzerine etkisi. Van Vet J 2019; 30(2): 71-
6.

Yayla D. Farkli seviyelerde melasli kuru seker
pancari posasi ilavesinin yonca silaji kalitesi
Uzerine etkisi, M. Sc. Thesis, Tekirdag Namik
Kemal Univ Grad Sch Nat Appl Sci, Tekirdag.
2019.

110






ERCIYES UNIVERSITESi VETERINER FAKULTESIiI DERGISI
Journal of Faculty of Veterinary Medicine, Erciyes University

Research Article / Arastirma Makalesi
20(2), 111-117, 2023
DOI: 10.32707/ercivet.1332189

The Effects of Rosemary (Rosmarinus officinalis L.) Extract on the Oxidant Stress Indexes and
Proliferation Capacities of SW1353 Chondrosarcoma Cells

Berivan CECEN"?2, Leyla Didem KOZACI*#®

'Rowan University, Department of Mechanical Engineering, New Jersey-USA
2Rowan University, Department of Biomedical Engineering, New Jersey-USA
3Ankara Yildinm Beyazit University, Institute of Health Sciences, Department of Musculoskeletal and Regenerative Medicine,
Ankara-TURKIYE
“Ankara Yildinm Beyazit University, Faculty of Medicine, Department of Medical Biochemistry, Ankara-TURKIYE
ORCID: “0000-0002-0081-2004; *0000-0001-5422-1640

Corresponding author: Leyla Didem KOZACI; E-mail: dkozaci@aybu.edu.tr
How to cite: Cecen B, Kozaci LD. The Effects of rosemary (Rosmarinus officinalis L.) extract on the oxidant stress
indexes and proliferation capacities of SW1353 chondrosarcoma cells. Erciyes Univ Vet Fak Derg 2023; 20(2):111-117

Abstract: Arthritis is characterized by symptoms such as joint pain, swelling, and limitation of movement. The main
objectives of treating the disease are eliminating pain and inflammation and protecting joint functions. Several herbal
remedies have been reported to be applied in specific forms to treat arthritis or prevent some ailments. In this study,
the effects of rosemary extract (RE) were examined in terms of proliferation capacity, total antioxidant status (TAS)
and total oxidant status (TOS) and oxidative stress index (OSI) on SW1353 cell line to see whether rosemary extract
can be used in the treatment of arthritis. The cytotoxic effect of RE, which appears in high doses, draws attention to its
pharmacovigilance in its use. Our findings indicate that RE at low concentrations, regardless of its antioxidant proper-
ties, may be utilized to treat arthritis associated with cartilage damage.

Keywords: Antioxidant, chondrosarcoma, oxidative stress index, rosemary extract

Biberiye (Rosmarinus officinalis L.) Ekstraktinin SW1353 Kondrosarkom Hiicrelerinin Oksidan Stres indeksleri
ve Gogalma Kapasiteleri Uzerindeki Etkileri

Oz: Artrit, eklem agrisi, sisme ve hareket kisithligi gibi semptomlarla karakterizedir. Hastaligin tedavisinde temel amag
agn ve iltihabi ortadan kaldirmak ve eklem fonksiyonlarini korumaktir. Artriti tedavi etmek veya bazi rahatsizliklarini
Onlemek igin belirli formlarda gesitli bitkisel ilaglar uygulanir. Bu g¢alismada biberiye ekstraktinin SW1353 hicre hatti
Uzerindeki proliferasyon kapasitesi, toplam antioksidan seviyesi (TAS), toplam oksidan seviyesi (TOS) ve oksidatif
stres indeksinin (OSI) etkileri incelenmistir. Yiiksek dozlarda ortaya gikan biberiye ekstraktinin sitotoksik etkisi, farma-
kovijilansi kullaniminda oldukga dikkat gcekmektedir. Bulgularimiz, antioksidan 6zelliklerinden bagimsiz olarak dustk
konsantrasyonlarda biberiye ekstraktinin artritten kaynakli kikirdak hasari tedavisinde kullanilabilecegini gostermekte-
dir.

Anahtar kelimeler: Antioksidan, biberiye 6z, kondrosarkom, oksidatif stres indeksi

stances, extracts, or chemicals beneficial for our
body in specific forms has effects on preventing dis-
comfort (Ng and Azizudin, 2020; Rehman et al.,
2019). Today, several herbal-treatment methods,
under the name of alternative medicine, are widely
used in treating arthritis and relief of symptoms with
both local and systemic applications, in addition to
existing modern treatment methods (Ko, 2019; Kose
etal., 2019).

Introduction

Arthritis can be defined briefly as the inflammation or
swelling of one or more joints. Along with joints and
neighboring tissues, it may also affect other connec-
tive tissues leading to the impairment of internal or-
gans, such as the heart, lungs and kidneys, in condi-
tions such as rheumatoid arthritis, lupus and fibrom-
yalgia (Garcia, 2019; Giles et al., 2020). When carti-
lage is damaged, the ends of the bones become

unprotected, resulting in pain, swelling, and stiffness
in the joints (Chua et al., 2019; Kolasinski et al.,
2020). In recent years, the developments and inven-
tions observed in pharmacognosy and food science
have provided opportunities using scientific methods
to support the idea that taking certain natural sub-
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While osteoarthritis (OA) is the most common form of
arthritis defined by joint degeneration and cartilage
loss, rheumatoid arthritis (RA) is a chronic, inflamma-
tory, multi-systemic, and autoimmune disease that
affects the joints and can progress with disfigure-
ment. Even though these two diseases have very
different etiopathogenesis and reveal other clinical
manifestations, they are both characterized by the
destruction of connective tissue, especially cartilage
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tissue, leading to inflammation and pain shows simi-
larities in both diseases (Chua et al., 2019; Schroed-
er et al., 2020).

Free radicals and inflammation cause premature
apoptosis of cartilage cells in the joint and slow down
the damaged cartilage tissue regeneration, and the
disease becomes chronic and permanent (Lepetsos
et al., 2019; Saxena and Batra, 2020). An increase in
proinflammatory cytokines in chronic inflammatory
manifestations causes an increase in oxygen free
radicals (OFRs). OFRs are highly reactive com-
pounds that affect macromolecules such as lipids,
proteins, DNA and carbohydrates, causing deteriora-
tion in their structure (Lepetsos et al., 2019; Pradhan
et al., 2019; Saxena and Batra, 2020). Free radicals
such as reactive oxygen species, superoxide anion
(O27), hydroxyl radical (HO"), nitric oxide (NO'), perox-
yl radical (ROO "), and non-radical hydrogen peroxide
(H20,) in biological systems are among the most
critical causes of oxidative stress (Hatai and
Banerjee, 2019; Miao et al., 2020). While OFRs are
generated endogenously in physiological conditions,
their formation increases with exogenous factors
such as increased immobility, malnutrition, environ-
mental pollution, pesticides, UV, radiation and X-ray
(Wu and Pan, 2019; Zahan et al., 2020).

Rosemary (Rosmarinus officinalis L.) has been de-
scribed as an aromatic self-growing plant and peren-
nial herb, usually within the maquis flora. The chemi-
cal structure and antioxidant activity of rosemary ex-
tract (RE) has been investigated by various research-
ers (Cheung and Tai, 2007; Genena et al., 2008).
Two main rosemary oils have been reported, the first
comprises 1,8-cineole at a rate of more than 40%,
and the second contains approximately equal
amounts of 1,8-cineole, R-pinene, and camphor.
There are potent antioxidants in rosmarinic acid and
carnosic acid in rosemary leaves, carnosic acid being
the most powerful antioxidant for animal fats. Abi-
etatrien-derived diterpenes are responsible for 90%
of the antioxidant effect of carnosic acid and carnosol
in RE (Vallverdu-Queralt et al., 2014; Gonzalez-
Vallinas et al., 2015; Andrade et al., 2018). Both raw
and refined extracts of rosemary leaves are found in
trade. RE is commonly used today to preserve food
products (Vlavcheski and Tsiani, 2018; Jaglanian and
Tsiani, 2020). Studies showed that RE containing
20% carnosic acid added to the diet of rats reduced
oxidative stress in elderly rats and RE reduced the
antioxidant enzyme activity, lipid peroxidation and
OFRs in the heart and brain tissue, and the OSI ac-
tivity in the brain; hence, revealed its antioxidant pro-
tective effects. Also, RE reduces the neuronal dam-
age caused by H,O, and protects against neuro-
degenerative diseases due to oxidative stress and
apoptosis. We aim to investigate the impact of RE,
which can be taken orally with meals and/or applied
locally, on articular joints, as a supplement to classi-
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cal medical treatment methods in arthritis treatment
and investigate its acting mechanisms.

Materials and Methods
Rosemary extract preparation

The plant materials used in the study were collected
as leafy shoots in the Adana-Kozan region by cutting
with scissors. The samples were kept in the shade for
8-10 days and dried. The leaves were separated from
the dried leafy branches and the dry leaves were
bagged and labeled and kept in a dry and cool place
in the laboratory for distillation and extraction pro-
cesses. Existing rosemary stocks were diluted with
DMEM containing 20% dimethyl sulfoxide (DMSO).
The final concentration of DMSO is 0.1%, and this
concentration does not have a toxic effect on cells.
Rosemary solutions were sterilized by passing
through a 0.2mm filter and added to cell cultures.
Dried rosemary leaves were ground and steeped
overnight (16 hours) in a 1:1 mixture of dichloro-
methane and methanol, followed by filtration. After
filtering, the solvent was set aside while the leaves
were boiled in methanol for 30 min. After boiling, the
solvent was combined with the filtered solvent. Rota-
ry evaporation was used to remove the combined
solvent from the final extract, and the green powder
was collected and stored at -20°C in a light-protected
environment. Aliquots of DMSO were prepared to a
final concentration of 100 mg/mL. RE powder was
dissolved in DMSO to make a 100 mg/mL stock solu-
tion. The RE stock (400 pg/mL) was created by trea-
ting the cells with cell culture media (n=3) (Figure 1).

-24h (I) 24h
T

t

3x105 cell/well/500u1 DMEM

FRE/DMEM (+FBS)

FLIDMEM (+FBS) l'

Cell count
TAS, TOS, WST-1 analysis

Figure 1. Oxidative stress and inflammatory re-
sponse were examined by applying Lipopolysaccha-
ride (L).

Cell culture and treatment

SW1353 chondrocyte cells (HTB-94, American Type
Culture Collection-ATCC) were cultured in DMEM
containing 100 units/mL of penicillin, 100 pg/mL of
streptomycin and 0.25 pg/mL of Amphotericin B and
FBS (10% v/v) with 5% CO,, at 37°C. A working
stock of RE (400 g/mL in DMEM, stored at -20°C in a
light-protected environment) was used to treat the
cells and the final concentration of DMSO in the RE-
treated cells was less than 0.1%. The cells were indi-
cated in DMSO at the same concentration as cells
exposed to RE (vehicle control), which did not affect
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the measurements (Ketsawatsakul, 2007).
Cell proliferation assay

SW1353 cell proliferation was evaluated by using
WST-1 assay. Absorbance at 450nm was measured
with a microplate reader (Synergy HTX, Biotek, US).
After seeding cells, the colorimetric assay was per-
formed for 48hr.

Preparation of cell lysates for oxidative stress
analyses

A solution containing 15mM TRIS-HCI, 150mM NaCl,
0.1mM EDTA, and 0.5% Triton-X was prepared for
lysing cultured cells. The pH was adjusted to 7.5 and
the lysing solution was prepared fresh and kept at
+4°C until use. After the cells were washed with
PBS, chilled lysis buffer was added to the wells.
Plates were kept on ice for 10min and cell lysates
were transferred into micro-centrifuge tubes by pipet-
ting. Lysates were centrifuged at 5000rpm for 5min.
The supernatants were stored at +4°C until the TAS
and TOS levels were measured. All biochemical ana-
lyzes were performed on the same day, within 1-2h.

Total antioxidant status measurement

The working principle of the method is that Fe2+ -o-
dianicide complex generates an OH radical by gener-
ating a Fenton-type reaction with H,O,. This solid
reactive oxygen type is reduced and reacts with the
colorless o-dianicide molecule at low pH to generate
yellow-brown dianicidil radicals. Dianicidil radicals
increase color formation by participating in advanced
oxidation responses. However, antioxidants overturn
these oxidation reactions and stop color construction.
This reaction calculates the optical density measured
at 660nm spectrophotometrically (Rel Assay Diag-
nostics, Germany) (Erel, 2004). The blue-green col-
ored reduced 2,2'-azinobis (3-ethylbenzothiazoline-6-
sulphonate) (ABTS) generated during the response
was calculated in mmolEqg/L. Values for standardiza-
tion were interpreted by proportioning to the total
protein amounts of the cells in each application well.

Total oxidant status measurement

The method is based on the principle that oxidants
oxidize the ferrous ion-o-dianicide complex to the
ferric ion. The glycerol accelerates this reaction and
triples it approximately. Ferric ions generate a col-
ored complex with xylenol orange in an acidic envi-
ronment. The color reaction is directly related to the
number of oxidants determined by spectrophotomet-
ric evaluation. The number of total oxidant molecules
generated by measurements at 530nm was ex-
pressed in H,O, formed (mmolH,O,Eq/L) (Rel Assay
Diagnostics, Germany) (Erel, 2005). Values for
standardization were represented in proportion to the
total protein amounts of the cells. Values for stand-
ardization were interpreted by proportioning to the
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total protein amount of the cells in the application
well.

Calculation of oxidative stress index

Considering that it would be a more meaningful pa-
rameter in determining the degree of oxidative stress
(Bolukbas et al., 2005; Demirbag et al., 2007).

OSI =[TOS (umolEg/L) / TAS (mmolEg/L) x 100]
Statistical evaluation

The data are the mean+SD (MeantStandard Devia-
tion) error mean of the indicated number of inde-
pendent experiments. All the data were subjected to
statistical analyses using the ONE-Way ANOVA and
Tukey's test for the multiple comparisons of means.
The homogeneity of variances was analyzed accord-
ing to the Brown-Forsythe and Bartlett test. The sta-
tistical significance level was assumed at P<0.05.
Statistical tests were performed using GraphPad
Prism software.

Results

Effects of RE on SW1353 chondrosarcoma cell
proliferation

Treatment with RE resulted in a dose-dependent
inhibition of cell proliferation. A significant increase in
cell proliferation (P<0.001) was seen with 1 and 50
pg/mL doses of RE, while a maximum decrease was
caught between 50ug/mL and C (P=<0.001), sug-
gesting a toxic effect of RE on cells (Figure 2). Treat-
ment of the cells with 1-10ug/mL did not result in any
significant inhibition of cell proliferation. In contrast,
treatment with 50pg/mL showed a considerable in-
crease in cell proliferation compared to D and L (P<
0.05).
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Figure 2. WST-1 cell proliferation assay with different
doses with L (1-50pg/mL ***p=0.0005, 50-Cpg/mL
***p=0.0002, 50-Dpg/mL **p=0.0038, 50-Lpg/mL
**p=0.0019).
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Cells treated with 0.2-50mg/ml concentrations of RE
for 48h showed no difference in TOS values com-
pared to the control (C=no treatment)), DMSO
(D=0.1% DMSO) and L (L=0.1% Lipopolysaccharide)
groups (Figure 3A). 100mg/ml dose of RE demon-
strated the highest increase in TOS value either with/
without L. A significant decrease in TOS activity was
observed with RE (0.2 and 0.5mg/ml) at 48h com-
pared to 100mg/ml concentration (P<0.001), both in
groups treated with/without L, which correlated with
the proliferation capacity of the cells.

TOS (Eq/L/prot(mg/mL)
TAS (Eq/L/prot(mg/mL,

0.0

N Without L With L coL WithoutL WithL CDL
RE Concentration (ug/ml)

RE Concentration (ug/ml)

Figure 3. Expression of RE with/without L obtained
from (A) TOS, (B) TAS in different doses comparison
with C.

TAS assay measured whether RE could inhibit the
antioxidant capacity of SW1353 cells. No statistically
significant difference was observed in TAS values
among the study groups (Figure 3B). In the group
where 0.5 mg/ml RE dose was applied, an increase
in TAS value was observed compared to C and L-
treated groups. The TAS effect of 0.5mg/ml RE on
cells was higher than the TAS effect of C and L-
treated groups. Again, cells with 0.5mg/ml RE dose
were more sensitive than the others.
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Figure 4. Expression of RE with/without L obtained
from OSI in TOS/TAS in different doses comparison
with C.

114

Erciyes Univ Vet Fak Derg 2023; 20(2): 111-117

The effects of RE on oxidative stress in cells were
evaluated by calculating the oxidative stress index
(OSI=TOS/TAS) (Figure 4). When the index values
were analyzed, 0.2 mg/ml RE treatment created the
lowest ratio, whereas 50mg/ml RE treatment caused
the highest TOS/TAS ratio. At dosages of 0.2 and
0.5, it was shown that the oxidative stress was lower
compared to the C. OSI index, which seemed to be
affected by inflammation. In the presence of inflam-
mation, the L-treated group had decreased OSI,
which was not anticipated. Additionally, the dose-
dependent impact of RE becomes hazardous in high-
er doses compared to the C and low dose-treatment
groups.

Discussion and Conclusion

Under normal conditions, certain levels of free radical
formation exist in all aerobic cells and all cell sec-
tions. Free oxygen radicals generated in the organ-
ism are eliminated by intracellular free radical con-
verting enzymes (superoxide dismutase, catalase,
and glutathione peroxidase, etc.) or substances such
as exogenous vitamin C (ascorbic acid) and vitamin
E (alpha-tocopherol). While determining the oxidative
stress, it is helpful to examine intracellular xanthine
oxidase (Schmidt et al., 2019; Manivasagam et al.,
2020), adenosine deaminase, SOD, GSH-Px, and
CAT or vitamin C and E levels (Sinbad et al., 2019) to
learn about antioxidant capacity while looking at the
levels of free radicals (Suleman et al., 2019), thiobar-
bituric acid reactive products, nitric oxide (Poprac et
al., 2017; Tejero et al., 2019).

The balance between oxidants and antioxidants is
essential for cellular hemostasis. In recent years, the
relationship between oxidant and antioxidant capacity
and the role of imbalance in cell destruction has been
frequently examined (Bagherifard et al., 2020). In
particular, the importance of exogenous and endoge-
nous free radicals generated in the cell in terms of
toxicity and their roles in the pathogenesis of several
diseases such as cancer, emphysema, hyperoxida-
tion, bronchopulmonary dysplasia, arteriosclerosis
and pancreatitis have been shown in many research-
es (Moussa et al., 2019; Neha et al., 2019).

Our work intended to question the mechanism of RE
on arthritic chondrocytes by looking at the cells' prolif-
eration capacity and antioxidant/oxidant status. It
revealed that RE improves the antioxidant/oxidant
status of SW1353 cells in both standard and inflam-
matory conditions. However, this effect is dose and
condition dependent.

A subsequent investigation is whether RE can inhibit
SW1353 cell proliferation was evaluated. A significant
decrease in cell number was observed at 50mg/ml
when the proliferation was individually compared to
the C group. The proliferative capacity of the cells
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was higher at 50pg/mL RE with L doses compared to
the C.

SW1353 cells are commonly used as a model in the
literature to evaluate response to inflammation and
study chondrocyte matrix destruction. Nevertheless,
the proliferation capacities of SW1353 cells increase
in the presence of an inflammatory inflammation (Ngo
et al., 2019; Zhao et al., 2019). RE has been reported
to have an anti-inflammatory effect, especially by
inhibiting the production of COX-2 (Mengoni et al.,
2011). Therefore, the high dose of RE's antiprolifera-
tive impact in our study is consistent with the litera-
ture.

RE demonstrated an antiproliferative effect on
SW1353 cells in vitro; its inhibitory role on prolifera-
tion was statistically significant in 0.2 and 0.5mg/ml
RE treatment groups. TOS/TAS results indicated a
statistically significant decrease for the 0.5mg/ml
dose group. At higher concentrations, however, it
was observed that RE led to a rise in both TOS and
TAS values in SW1353 cells. Although not statistical-
ly meaningful, this increase was more pronounced in
TOS values than in TAS values.

The antioxidant activity of RE also depends on how
the extract is obtained. It is especially recommended
to use dried RE as an antioxidant. When we calculat-
ed the OSI of cells treated with RE, OSI was highest
with 100mg/ml RE concentration; it was observed
that 0.2mg/ml significantly decreased cell proliferation
compared to the others; this increase may be due to
the increased TOS, causing a toxic effect on SW1353
cells in vitro with L, in other words, the decreased
antioxidant status could not compensate this TOS
activity. The antioxidant capacity was higher at lower
doses of RE (0.2-0.5 ug/mL) treatment, which also
impacted OSI and decreased stress, especially in the
L-treated group. The benefit of assessing the oxida-
tive status and antioxidant capacity together and ex-
pressing the differences in values with an index is
obvious when evaluating the oxidant stress.

When the effects of RE on cell proliferation and OSI
are evaluated together, it may be stated that the im-
pact of RE in protecting cartilage cells at low concen-
trations (£1mg/ml) and proliferation enhancement
occurs independently of the antioxidant effect of the
herbal extract. The decrease in cell proliferation at
high concentrations is likely due to the increased
oxidative effect of RE on cells. Indeed, in the litera-
ture, the antiproliferative effects of RE on cancer cells
by blocking COX-2 expression have been reported
(Moore et al., 2016; Scheckel et al., 2008). Since
SW1353 cells originate from chondrosarcoma cells,
these results may also indicate that applying a high
dose of RE may be an additional/supplemental treat-
ment method for existing cartilage-bone origin mes-
enchymal tumors. Similarly, studies report reduced
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proliferation capacity in cancer cells treated with
100mg/ml) RE. This unwanted effect at high doses
can be prevented by topical -low-dose use of the RE
in people with the arthritic disease.

Although it grows naturally on the western and south-
ern coasts of Turkey, rosemary spreads widely in
Canakkale, Mersin, Adana, Tarsus and Hatay prov-
inces, especially in Mersin and Adana region, in ma-
quis flora, in forest spaces, on the edges of fields and
vineyards, and in protected forestation areas
(Malayoglu, 2010). Furthermore, it is reported that RE
originated from different regions and may have diver-
gent chemical compound contents. The antioxidant,
antiproliferative and anti-inflammatory effects of these
substances have been emphasized in different stud-
ies (Oliviero et al., 2018). Researchers also empha-
sized that there might be differences in phenolic and
chemotype compounds and therapeutic effects ob-
tained from different rosemary species and herbs
gathered at other times of the year (Tsiani, 2019;
Shen et al., 2020).

The cytotoxic effect of rosemary appearing in high
doses draws attention to the importance of the dose
arrangement in its use. Current results indicate that
rosemary at low concentrations may be a good candi-
date as an alternative medicine in the therapy of ar-
thritis characterized by cartilage damage in terms of
its antioxidant properties. On the other hand, the un-
expected effect of RE observed in SW1353 chondro-
sarcoma cells brings out the possibility of using rose-
mary as an addition/supplement to existing treat-
ments in high-grade tumors such as chondrosar-
coma, which has limited medical treatment but can
be treated only with surgical intervention.

When the OSI was calculated, although a change
was observed in the groups where low RE concentra-
tions (0.2-1mg/ml) were applied, this was not statisti-
cally significant compared to the C group. In compari-
son, OSI increased at the higher doses of RE treat-
ment (50-100mg/ml). It is observed to decrease at
low concentrations of RE treatment (0.2-0.5mg/ml) in
SW1353 cells, compared to the C group. In conclu-
sion, the findings indicate that having antioxidant
properties at low concentrations, rosemary may be
utilized in treating cartilage damage in arthritis. On
the other hand, the cytotoxic effects of rosemary at
high doses draw attention to the importance of tightly
controlled usage of the herbal extract. This unex-
pected effect we observed in SW1353 cells suggests
using rosemary as a supplement/support to the exist-
ing chemotherapeutic regimes in high-grade tumors
such as chondrosarcoma, which has limited medical
treatment but can be treated with surgical interven-
tion.
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Abstract: This study was carried out to determine the surface of the papillae in the dorsal and lateral parts of the
tongue surface and the features in the non-papillary parts of Turkish Grey. In the study, 7 male Turkish Grey tongues
were used. Materials obtained from the apex, corpus and radix lingua of the upper (dorsal) side of the tongue were
taken for scanning electron microscopic examinations. The routine procedure was applied for scanning electron micro-
scopic images.In the study, the presence of large ruminant tongue papillae, papilla filiformis, papilla fungiformis, papilla
conica, papilla lentiformis and papilla vallata, was observed. It was determined that the root part of Papilla filiformes
had a depression in the form of a ditch. It was observed that the papilla filiformis at the tip of the tongue had very few
secondary papillae. Papilla filiformis in the corpus lingua was found to have 2-4 secondary papillae.On the surface of
the papilla fungiformis, cell borders were seen at 2000 magnification, taste pores were detected, and the microridge
structure was clearly detected at 10000 magnification. A weak annular pad was seen in the papilla vallata. Cell borders
were seen at 2500 magnification on surface images. Taste pores were detected at 5000 magnification. In this study,
the tongue papillae of Turkish gray, which is very few inTurkeyand resistant to harsh conditions, were examined, and it
was aimed to contribute and own the missing literature about tongue papillae.

Keywords: Papilla, scanning electron microscopy, tongue, Turkish Grey

Boz Irk Sigirlarda Dil Papillalarinin Anatomik Yapisinin Elektron Mikroskobik incelenmesi

Oz: Bu calisma, boz irk sigirda dil yiizeyinin dorsal ve lateral kisimlarindaki papillalarin yiizeyinin ve papillasiz
kisimlardaki 6zelliklerin belirlenmesi amaciyla yapilmistir. Galismada, 7 adet erkek Boz Irk sigir dili kullaniimigtir. Dilin
Ust (dorsal) tarafindaki apeks, korpus ve radiks lingua'dan elde edilen materyaller taramali elektron mikroskobik
incelemeler igin alindi. Taramali elektron mikroskobik goruntller icin rutin prosedur uygulandi. Yapilan ¢alismada
buyik ruminant dil papillalarindan, papilla filiformis, papilla fungiformis, papilla conica, papilla lentiformis ve papilla
vallata’nin varligi gézlendi. Papilla filiformes’lerin kok kisminin hendek seklinde bir ¢oklintliye sahip oldugu saptandi.
Dilin ug kismindaki papilla filiformis’lerin gok az sekonder papillaya sahip oldugu goérildi. Corpus lingua’daki papilla
filiformis’lerin ise 2-4 arasi sekonder papilla’ya sahip oldugu saptandi. Papilla fungiformis yizeyinde 2000 buyutmede
hicre sinirlari goraldu, tat porlar saptandi, 10000 biyutmede ise mikroridge yapisi ¢ok net saptandi. Papilla vallata’da
zayif bir annular pad goéruildii. Yizey gorintilerinde 2500'lUk biyutmede hiicre sinirlari goruldi 5000'lik biyitmede tat
porlari saptandi. Calismamizda zor sartlara dayanikli, GUlkemizde sayisi ¢gok az olan bu irkin dil papillalari incelenmis
olup, dil papillalari hakkinda eksik olan literatire katki saglanmasi, bu turin gindeme gelmesi ve sahiplenmesi
hedeflenmistir.

Anahtar kelimeler: Boz Irk, dil, papilla, taramali elektron mikroskop

Introduction In vertebrates, the mucosa of the tongue consists of

various papillary systems that perform taste and me-
The tongue plays a vital role in nutrition, along with chanical functions, and the tongue is covered with
other organs in the oral cavity. In all mammalian spe- multilayered keratinized epithelium (Tadjalli and Pa-
cies, structural differences in language reflect differ- zhoomand, 2004; Kurtul and Atalgin, 2008). Most of
ences in food sources and the specific habitat of the tongue is covered with various papillae concen-
each species. Therefore, the morphological and his- trated mainly on the dorsal surface, which arise in
tological features of the tongue in mammals are indic- connection with local modifications of the mucosa
ative of the differences between mammalian lifestyles and perform mechanical or taste functions. The scat-
(lwasaki, 2002). tering, volume, number and shape of the papillae

differ in each species (Konig and Liebich, 2015). It
Gelis Tarihi/Submission Date : 06.04.2023 has been reported that functionally, some primary
Kabul Tarihi/Accepted Date : 16.05.2023 and secondary papillae can assist in the transport of
*This study is a summarized part of the master's thesis named food and liquid from the periphery of the tongue to
“Electron Microscopic Examination of Anatomical Structure of the center and then towards the pharynx (Ojima,
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2001).

Papilla filiformis, which provides a relatively suitable
surface for the movement and crushing of nutrients in
the mouth towards the esophagus, were detected on
the dorsal surface of the tongue, especially in the
apex and corpus lingua. It has been reported that the
papilla filiformis has significant variations in shape
and size in different animals.

Turkish Grey cattle breed, consisting of Bos taurus
primigenus, is the native breed of Anatolia and
Thrace. Turkish Grey cattle, also called steppe and
Pleven cattle, are called Anatolian Grey or Turkish
Grey in the international literature. In Turkiye, there is
a spreading region that starts from Sivrihisar and
covers the Aegean and Marmara sides (Alpan and
Aksoy, 2012).

Turkish Grey cattle are breeds that can survive in
strong living conditions and are relatively resistant to
diseases and microorganisms compared to different
species. They have the ability to survive without hu-
man assistance. In the winter months, except for the
very cold periods of the weather, they continue out-
side in the form of free communities for most of the
year. Forages that are not of good quality can be
evaluated much better than different breeds. The cost
of breeders in the breeding of this species is almost
zero (Kok, 1992).

Material and Methods

In the study, 7 adult male Turkish Grey cattle tongues
obtained from the slaughterhouse were selected as
material. Tongues taken from animals were initially
washed with physiological saline. Fragments ob-
tained from the apex, corpus and radix lingua of the
upper (dorsal) side of the tongue were taken for
scanning electron microscopic examinations. The
tongue was fixed with formaldehyde. The samples
were kept in 5% glutaraldehyde (0.13 M Sorensen
phosphate buffer, pH 7.2) for 2 hours (+4 C refrigera-
tor) for primary fixation. It was washed twice with 0.13
M sorensen phosphate buffer for 30 min. For second-
ary fixation, it was incubated in 1% Osmium tetroxide
(0.13 M sorensen phosphate buffer, pH 7.2) for 1
hour (+4 C refrigerator). It was then soaked in HMDS
(Hexamethyldisilazane) for 1 hour for drying. It was
then left to dry at room temperature. It was covered
with gold and viewed under a scanning electron mi-
croscope (EVO50, ZEISS, Germany). Since the ma-
terials are taken from the slaughterhouse, there is no
need for an ethics committee document.

Nomina Anatomica Veterinaria (2017) is used for
anatomical terms.

Results

The materials were found to have all the features of a
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ruminant language. It was determined that the tongue
consisted of apex lingua, corpus lingua and radix
lingua. In the measurements, the average length of
the tongue was 31.6 cm, the average anterior width
was 7.4 cm, the average middle width was 8.3 cm,
and the average posterior width was 9.3 cm. It was
observed that there were two types of papillae on the
tongue. It was observed that the first of these was
mechanical papillae and the other was taste papillae.
Mechanical papillae were determined as papilla fili-
formis, papilla lentiformis, papilla conica. Taste papil-
lae were defined as papilla fungiformis and papilla
vallata. Papilla foliata was not found.

Macroscopic findings
Papilla filiformis

It was observed that the papilla filiformis (Figure 1)
started from the apex of the tongue and spread to-
wards the trunk. An average of 70.5 papilla filiformis
was counted in a 1 cm? section. It was determined
that the free ends of the papilla filiformis were in the
caudodorsal direction in the identified tongues. It was
determined that especially the parts at the apex were
longer in the first anterior 5 cm and decreased as
they went posteriorly. It was determined that their
length was minimized in the rostral parts of the fossa
lingua (Figure 2) and at the tip of the apex lingua.
Papilla filiformis was observed with abundant papilla
fungiformis (Figure 1-4) in the ventrolateral part of the
apex lingua. When the tongue was viewed from the
ventral side, approximately 1 cm from the anterior
margins of the tongue down, papilla filiformis and
especially abundant papilla fungiformis were found. It
was found that this part was separated by a sharp
border with the ventral part of the tongue that had no
papillae (Figure 5). It was found that the papilla fili-
formis at the tip of the apex lingua was considerably
shortened and even macroscopically not observed
(Figure 4). No papillae were observed macroscopical-
ly in the ventral part of the tongue (Figure 5).
NIRRT i o

7

Figure 1. The appearance of the apex lingua in Turk-
ish Grey cattle 1-Papilla filiformis, 2-Papilla fungiform-
is.
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Papilla lentiformis

It was observed that the largest of the mechanical
papillae was the papilla lentiformis. Papilla lentiformis
(Figure 2-3); observed in the torus lingua in different
ways. Papillae, which were not fully evident in the
median line, were more prominent in the paramedian
part. Papilla lentiformis on average, 223.5 were
counted. It was observed that their sizes were differ-
ent. It was found to be bordered by papilla conica and
papilla fungiformis from the sides. They were found to
be irregular in shape, pyramidal and round. That's
why it was categorized into two different types. The
first type was named as pyramidal shaped type 1
because it resembled a pyramid shape, while the
other was called round shaped type 2 because it was
round shaped.

Papilla conica

Papilla conica; It was observed in the caudal part of
the torus lingua of the tongue, especially in the medi-
an line, near the radix lingua, and especially in the
anterior lateral parts of the torus lingua (Figure 2). On
average, 276 papillae were counted. No papilla coni-
ca was recorded on the dorsal surface of the corpus
lingua. Papilla conicas, which are triangular, conical
in shape and relatively thin and small compared to
those on the cheek, were found in small amounts in
the parts of the torus lingua close to the radix lingua
(Figure 2) and in the lateral parts. It was observed
that they were of different sizes.

Papilla fungiformis

In the apex lingua, it was observed as mushroom-
shaped scattered among abundant papilla filiformis. It
was observed less in the median line and more in the
lateral line. Papilla fungiformis was also observed in
torus lingua. It was observed in the caudal part of the
torus lingua, especially in the median line, between
the papilla conicas. On the median line was not ob-
served in the parts of the tongue close to the fossa
lingua. Small type ones were found in the apex and
corpus lingua, while large type ones were found in
the torus lingua. It was observed that there was not a
complete equality in numbers between the right and
left parts of the language. On average, 114.5 papillae
on the right and 130.5 on the left were observed. It
was determined that there were approximately equal
numbers in terms of localization and number only in
the part of the fossa close to the tongue. It was de-
tected very rarely in the lateral part of the tongue.

Papilla vallata

Papilla vallata (Figure 2) was detected in the lateral
parts behind the torus lingua. It was observed in dif-
ferent sizes. Different numbers of papillae vallata
were detected on the right and left sides of the
tongue. On average, 20 papillae were counted on the
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right and 26 on the left. It was observed that the pa-
pilla vallata started from the lateral parts after the
papilla lentiformis and progressed towards the cau-
dale.

Figure 2. Appearance of the torus lingua of the
tongue in Turkish Grey cattle; 1-Torus lingua, 2-
Fossa lingua, 3-Papilla vallata, 4-Papilla lentiformis.

Figure 3. Appearance of papillae on the lingua torus
of the tongue in Turkish Grey cattle, 1-Papilla lenti-
formis, 2-Papilla conica (in the lateral part of the to-
rus lingua), 3-Papilla fungiformis, 4-Papilla vallata, 5-
Papilla conica (in the caudal part of the torus lingua).
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Figure 4. Stereomicroscopy view of some papillae on
the torus lingua of the tongue in Turkish Grey cattle,
Papilla filiformis was not seen. 1-Papilla fungiformis,
2-Papilla conica.

Figure 5. Appearance of papillae on the apex lingua
of the tongue in Turkish Grey cattle; 1-Papilla filiform-
is, 2-Apex lingua, 3-Papilla fungiformis 4-Facies ven-
tralis 5-The part where the tongue has no papillae on
its ventral surface and where it is separated by a
sharp border with the papillae.

Scanning electron microscopic findings
Papilla filiformis

It was found that the papilla filiformis, which can be
seen easily, is quite long and wide in width (Figure 6).
Their lengths were measured ranging from 1233 pm
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to 1420 ym. When measured in the middle, its width
was found to vary between 185 pym and 295 pm. It
was determined that the apex of the papilla filiformis
ended bluntly, not pointedly (Figure 6-7). Some apex-
es were found to have an unsymmetrical termination
as if they were cut unilaterally (Figure 6). A trench-
like pit was found in the part where the papilla fili-
formis attaches to the tongue (Figure 8). It was deter-
mined that there were secondary papillae extending
from the outer part of this pit towards the body of the
papilla filiformis (Figure 8), these papillae were some-
times not seen at all, and some were only one or two.
It was found that the width of the secondary papillae
ranged from 33 pym to 45 ym when measured from
the middle. Its length was determined to be between
86 ym and 115 ym.

EHT =20.00 kV Signal A = SE1
WD = 7.5 mm Mag= 60X Ry

Figure 6. View of the dorsal side of the tongue in
Turkish Grey cattle, x60. Asteriks; papilla filiformis,
arrow; papilla filiformis with unsymmetrical apex end-
ings.

EHT =2000kV  Signal A= SE1

WD = 7.0 mm Mag= 1.00KX

Figure 7. Papilla filiformis tip, x1000.
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~5 EHT =20.00 kV/ Signal A = SE1 7
WD = 7.5mm Mag= 500X

Figure 8. Root part of papilla filiformis x500; 1-Papilla
filiformis: 2-Secondary papillae: 3-Trench at the root
of papilla filiformis.

It was determined that the papilla filiformis in the mid-
dle part of the tongue was smaller than the papilla
filiformis in the apex of the tongue. The tips of the
papilla filiformis in this section were found to be point-
ed. It was determined that the length of the trunks of
the papilla filiformis ranged from 112 ym to 177 pm.
Papilla fungiformis, which provides the sense of taste
of the tongue, was seen in this region (Figure 9).
These papillae were surrounded by papilla filiformis,
heterogeneous and sparsely observed.

{ L
-

4

a4

EHT =20.00 kv Signal A = SE1

4 y
@ T 4 WD = 8.0mm Mag= 100X

Figure 9. View of the dorsal side of the tongue in
gray cattle. Asteriks: Papillafungiformis; Arrows: Sec-
ondary papillae of papilla filiformis. x100.

Papilla conica

Conical shaped, triangular shaped papillae conicas,
which are relatively thin and small compared to those
on the cheek, were found in small amounts in the
parts of the torus close to the radix lingua (Figure 3)
and in the lateral parts of the torus lingua. Very
sparse and small papilla conicas were seen on the
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lateral aspect of the torus lingua. The lengths of the
sparse papilla conicas were measured to vary be-
tween 120 ym and 221 pm. It was observed that the
width of these papillae in the middle part varied be-
tween 43 and 60 pym. It was observed that they were
of different sizes. It was determined that these papil-
lae did not have any secondary papillae or protrusion,
and also did not have a ditch in the part where they
were separated from the tongue. On the other hand,
no taste pore was found in the surface enlargement
(Figure 10).

Figure 10. Electron microscopic view of papilla coni-
ca, Asteriks: Papillae conicae.

Papilla lentiformis

Papilla lentiformis (Figure 2, 3, 16) was observed in
the torus lingua. They were observed to be irregular,
round and pyramid-like. No taste pores, ditch or any
other formation were found in the surface enlarge-
ments.

Papilla fungiformis

The papilla fungiformis was oval and round, and the
outer surface was convex. lts diameter was found to
be 852 um on average. It was observed that it was
scattered between the papilla filiformis in the anterior
and body parts of the tongue. It was seen that there
was a groove around it. The surface of the papilla
fungiformis was examined. When looking at the sur-
face of the papilla fungiformis at a magnification of
2000, the irregular cell borders were clearly observed
(Figure 11). Cell borders were irregularly rectangular,
pentagonal and hexagonal (Figure 11). Taste pores
were seen at this magnification (Figure 11). The di-
ameter of the taste pores was measured to be 2.3 uym
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on average. In the same region, microridges were
seen regularly at a magnification of 10000 (Figure
12).

EHT =20.00 kv
WD = 8.0 mm

Signal A= SE1
Mag= 200KX

Figure 11. Electron microscopic view of papilla fungi-
formis, arrows; Cell borders, asterisk: Taste pore.
x2000 a. Borders of pentagonal cell: b. Boundaries of
the hexagonal cell: c. Borders of a quadrilateral cell.

EHT =20.00 kv
WD = 8.0mm

Signal A= SE1
Mag= 10.00 KX

Figure 12. Electron microscopic view of papilla fungi-
formis; arrows: cell borders; asterisk: microridge.
x10000.

Papilla vallata

Papilla vallata were visualized with an electron micro-
scope. This papilla was found to be the largest type
of papilla (Figure 13-16). A classic papilla vallata im-
age was observed at 150 times magnification (Figure
13). Its diameter was found to be 879 um on average.
A weak anular pad was visible on the sides of the
ditch, surrounding it. Cell borders were detected in
2500 images on the surface of the papilla (Figure 14).
Taste pores were found at a magnification of 5000
(Figure 14). It was observed that the diameter of the
taste pores was 1.8 pm on average. An average of
10 in the right section and 13 in the left were counted.
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It was observed that the papilla vallata was slightly
convex and had very sparse papillae in the lateral
and caudal parts, and only papilla conica was found

Wy

in the rostral part.

L

EHT =20.00 kV
WD = 9.5 mm

Signal A = SE1
Mag= 150X

-
Figure 13. Electron microscopic view of papilla valla-
ta. x150.

EHT =20.00 kv
WD = 9.5 mm

Signal A = SE1
Mag= 250KX

Figure 14. Electron microscopic image of the surface
of papilla vallata. Arrows: cell borders, x2500.

Signal A= SE1
Mag= 5.00 KX

EHT =20.00 kv
WD = 7.5 mm

Figure 15. Electron microscopic image of the surface
of papilla vallata. Arrow: taste pore, x5000.
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e EHT=2000KV  Signal A= SE1 O
R ] WD=80mm  Mag= 100 KX

Figure 16. Electron microscopic view of papilla lenti-
formis and papilla vallata. x10. 1-Papilla lentiformis
(pyramidal shaped, type 1): 2- Papilla lentiformis
(round shaped, type 2): 3-Papilla vallata.

Discussion and Conclusion

The most important differences of the ruminant
tongue from the others are the anatomical features of
the caudal part of the tongue. The fact that the for-
mations on the torus lingua are different from the
carnivores, sus and equidea is due to the different
diet (Adnyane et al., 2010).

Jamunapari goat (Kumar et al., 1998), Saanen goat
(Kurtul and Atalgin, 2008), Mehraban lamb (Tadjalli
and Pazhoomand, 2004), Barbary sheep (Emura et
al., 2000), and Bufallo (Scala et al., 1993) papilla
filiformis is reported to be conical in shape, tongue-
like in ox (De Paz Cabello et al., 1988), and rod-
shaped in Chinese muntjac (Zheng and Kobayashi,
2006). In this study, papilla filiformis was found to be
conical in Turkish Grey cattle.

It has been determined that the number of secondary
papillae of papilla filiformis in the apex lingua is quite
low. In studies, the number of protrusions, also called
secondary papillae, at the free end of the papilla fili-
formis, in connection with the main body, is 3-6 in
Jamunapari goat (Kumar et al., 1998), 6-9 in Saanen
goat (Kurtul and Atalgin, 2008), Mehraban lamb has
4-8 (Tadjalli and Pazhoomand, 2004), Karacabey
merino has two bases (Can et al., 2016), while drom-
edary camel (Quayyum et al., 1988) has an exten-
sion, Chinese muntjak (Zheng and Kobayashi, 2006),
bighorn sheep (Takayuki et al., 2002) and goat ante-
lope (Funato et al., 1985) have been reported to have
two thin-long visual extensions attached to the main
body. In the study conducted in Anatolian buffalo
(Can et al., 2015) and dromedary camel (Quayyum et
al., 1988), it was stated that secondary papilla was
absent. In this study, it was found that the average
number of two. In this respect, it was found to be
similar to Chinese muntjak (Zheng and Kobayashi
2006), bighorn sheep (Takayuki et al., 2002), goat
antelope (Funato et al., 1985) and Karacabey Merino
(Can et al., 2016).
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The difference in papilla filiformis sizes between Ana-
tolian buffalo (Can et al., 2015) and Turkish Grey
breed was remarkable. The papilla filiformis of the
Anatolian buffalo varies between 780 and 920 pym in
length and between 312 and 422 pym in width. In this
study, it was determined that the lengths of the papil-
la filiformis ranged from 1233 pm to 1420 ym, while
their widths ranged from 185 pym to 295 pym. In this
respect, it was determined that Turkish Gray papilla
filiformis were relatively long and thin compared to
the papilla filiformis found in Anatolian buffalo (Can et
al.,, 2015).

In this study, it was determined that the morphology
of the papilla filiformis in Turkish Grey cattle was dif-
ferent in the apex and corpus regions of the tongue.
In the apex lingua, it was determined that the body of
the papillae was longer and easily recognizable, and
the apex part of the papilla was conical in shape,
some of them were cut on one side and the ends
were not symmetrical. No such definition was found
in the scanned articles.

It is reported that the papilla lentiformis, which is the
largest of the mechanical papillae, provides comple-
mentary protection on the linguae surface (Tadjalli
and Pazhoomand, 2004).Presence in many animals
such as ox (De Paz Cabello et al., 1988), dwarf deer
(Agungpriyono et al.,, 1995), Bactrian camel
(Erdunchaolu et al., 2001), Saanen goat (Kurtul and
Atalgin, 2008) which was emphasized to be absent,
was found in torus lingua in Turkish Grey cattle
(Emura et al., 1999), Berber sheep (Emura et al.,
2000) and Formosan goat antelope (Takayuki et al.,
2002).

In this study, two different forms of papillae, type 1
(pyramidal shaped papillae) and type 2 (round type
papillae), belonging to the papilla lentiformis were
detected in accordance with the Saanen goat (Kurtul
and Atalgin, 2008). Kurtul (Kurtul and Atalgin, 2008)
reported in his study that there were papillae with two
ends. In this study, however, it was determined that
the pyramidal shaped papillae had only one blunt
end.

Although in one study (Scala et al., 1993) the pres-
ence of a special papilla called “laminari papillae”
similar to it, in the torus lingua of buffalo, next to the
papilla conicas was mentioned, such a papilla was
not seen in this study.

Papilla conica, which was reported to be absent in
camels (Quayyum et al., 1988), was found in Barbary
sheep (Emura et al., 2000), Japanese goat antelope
(Funato et al., 1985), arctic fox (Jackowiak et al.,
2009) and land antelope (Emura et al., 1999), it was
determined that it is located especially in the posteri-
or part of the torus lingua, less frequently and in a
small size on the radix lingua.
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Kurtul and Atalgin, (2008) reported that the papilla
conica was triangular in shape, without a taste pore
on its surface, and had a distinct groove in goats,
unlike this study. In this study, it was stated that the
papilla conica did not have a secondary papilla, this
finding is consistent with some studies (Kumar et al.,
1998; Kurtul and Atalgin, 2008; Can et al., 2015).

Papilla conica is found in ruminants like as this study,
because it is more resistant to mechanical effects
during chewing, but in non-ruminant animals such as
the Savanna monkey (Emura et al., 2002), and in
ruminant dromedary camels (Qayyum et al., 1988)
have been reported to have no papilla conica.Papilla
fungiformis were observed in two types in gray cattle,
consistent with Formosan goat antelope (Atoji et al.,
1998; Takayuki et al., 2002) and Chinese muntjac
(Zheng and Kobayashi, 2006). In this study, the small
type was found in the apex and corpus lingua, while
the large type was reported in the torus lingua. It has
been reported in some studies that the surface of the
papilla is limited by many different directional grooves
(Kumar and Bate, 2004; Nonaka et al., 2008; Adnya-
ne et al., 2010). In this study, however, this type of
groove was not observed.

Taste pore was found in both types of papilla fungi-
formis in gray cattle, different from Akkaraman sheep
(Harem et al., 2009) and Jamunapari goat. The find-
ings of this study were found to be consistent with the
view that taste buds were present in both types of
papillae fungiformis in the Chinese muntjac (Zheng
and Kobayashi, 2006).

The number of papillae of papillae vallata located on
both sides along the posterior edge of the tongue
differs according to the species. Thirty in Barbary
sheep (Emura et al, 2000) and black antelope
(Emura et al., 1999), 23 in Formosan goat antelope
(Atoji et al., 1998; Takayuki et al., 2002), Japanese
goat antelope (Funato et al., 1985) and Bighorn
sheep (Takayuki et al., 2002), 20 papillae in Saanen
goat (Kurtul and Atalgin, 2008) and 10-30 in deer
(Adnyane et al., 2010). It was found that there were
23 of them. It has been reported that papilla vallata is
absent in prairie rat (Cape Hyrax) (Emura, 2008).

Although it was observed that many papilla conica
oriented towards papilla vallata in the savanna mon-
key (Emura et al., 2002), and the ditch there some-
what closed the gap, such a situation was not ob-
served in this study.

In this study, the papilla surface was smooth, as in
the Jamunapari goat (Kumar et al, 1998), ox
(Chamorro et al., 1986) and dromedary (Quayyum et
al., 1988). It has been reported that the annular pad
located on the edge of the papilla vallata regulates
the cleaning function of feed residues and saliva ac-
cumulated in the ditch with the help of smooth mus-
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cles (Chamorro et al., 1986). The annular pad, which
is well developed in ruminant species such as the ox
(Chamorro et al., 1986), dromedary (Quayyum et al.,
1988) and dromedary camel (Eerdunchaolu et al.,
2001), has been found in the Formosan goat ante-
lope (Atoji et al.,, 1998; Takayuki et al., 2002) are
reported to be weakly shaped in some species. It was
determined that the annular pad was weakly shaped
in gray cattle. It has been reported that the annular
pad is absent in horses (Chamorro et al., 1986).

In this study, the diameter of the papilla vallata was
measured as 897 um. Accordingly, it was determined
to be smaller (1500 um) than deer (Adnyane et al.,
2010), which is one of the measured species.

Papilla foliata can be found in some animals such as
pig (Kumar and Bate, 2004), raccoon dog (Emura et
al., 2006), rabbit (Nonaka et al., 2008) and horse
(Chamorro et al., 1986; Can and Atalgin, 2016) ob-
served and not observed in this study.

In the study, papilla filiformis was found in the
Jamunapari goat (Kumar et al., 1998), the ox
(Chamorro et al., 1986), the Hellon lamb (Tadjalli and
Pazhoomand, 2004) and the buffalo (Scala et al.,
1993), papilla fungiformis, papilla conicae, papilla
lentiformis, and papilla vallatae have been demon-
strated. It shows that the differences and similarities
between animal species, the anatomical conditions
and characteristics of the papillae in the dorsal and
lateral part of the tongue may depend on many fac-
tors.
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Abstract: Acetaminophen (APAP) is an antipyretic and analgesic drug that can be bought and used without a prescrip-
tion worldwide. A dosage of APAP greater than the maximum recommended dosage can increase the risk of organ
damage. Mesenchymal stem cells (MSCs) are isolated from various human tissues and used for therapy, in which
beneficial effects are attributed mainly to mesenchymal stem cell-derived extracellular vesicles (MSC-EVs). However,
no study has focused on the protective effect of exosomes in combination with APAP. Therefore, the present study was
carried out to investigate the protective effect of taking exosomes against APAP toxicity on the fallopian tubes and
uterus. Forty female Wistar albino rats (12—14 weeks old) were randomly divided into four equal groups: control, APAP
(received 1 g/kg APAP), exosome (received 30 ug of exosomes), and APAP+exosome groups that received simultane-
ously 1 g/kg APAP and were followed three days later by a tail vein injection 30 ug of exosomes. The uterus and fallo-
pian tubes were removed for histological and immunohistochemical analyses after the animals were sacrificed. The
results showed that exosomes' administration after APAP decreased APAP's autophagic effects. Moreover, exosome
treatment exhibited a protective effect on the immunoreactivity intensities of autuphagy markers (Beclin-1, p62, and
LC3). The treatments with exosomes had no adverse effect on the uterus or fallopian tubes. The administration of exo-
somes after APAP toxicity can decrease cell death through the autophagy effect of APAP. It is suggested that this com-
pound can decrease the toxic effects of APAP. Further studies are needed to evaluate the molecular mechanism of this
hyperanalgesic effect.

Keywords: Autophagy, acetaminophen, exosome, pain, rat

Siganlarda Asetaminofen Kaynakli Uterin ve Fallop Tiipleri Hasarina Karsi Eksozomlarin Kullanimi Uzerine
Deneysel Bir Galisma

Oz: Asetaminofen (APAP), diinya capinda regetesiz satin alinabilen ve kullanilabilen bir antipiretik ve analjezik ilagtir.
Onerilen maksimum dozdan daha yliksek bir APAP dozu, organ hasari riskini artirabilir. Mezenkimal kok hiicreler
(MSC'ler), gesitli insan dokularindan izole edilir ve yararli etkilerin esas olarak mezenkimal kok hlicreden turetilen htic-
re disi vezikillere (MSC-EV'ler) atfedildigi terapi igin kullanilir. Bununla birlikte, higbir calisma eksozomlarin APAP ile
kombinasyon halinde koruyucu etkisine odaklanmamistir. Bu nedenle bu ¢alisma APAP toksisitesine karsi eksozom
almanin fallop tlpleri ve uterus Uzerindeki koruyucu etkisini arastirmak amaciyla yapilmistir. Kirk digi Wistar albino
sigan (12-14 haftalik) rastgele dort esit gruba ayrildi: kontrol, APAP (1 g/kg APAP aldi), eksozom (30 pg eksozom aldi)
ve APAP+eksozom gruplari es zamanli olarak 1 g/kg APAP ve ardindan (g giin sonra kuyruk damarindan 30 ug ekso-
zom enjeksiyonu yapildi. Hayvanlar sakrifiye edildikten sonra histolojik ve immuinohistokimyasal analizler igin uterus ve
fallop tupleri ¢ikarildi. Sonuglar, eksozomlarin APAP'tan sonra uygulanmasinin APAP'In otofajik etkilerini azalttigini
gosterdi. Ayrica, eksozom tedavisi, otofaji belirteclerinin (Beclin-1, p62 ve LC3) imminoreaktivite yogunluklari Gzerinde
koruyucu bir etki sergiledi. Eksozomlarla yapilan tedavilerin uterus veya fallop tupleri Gzerinde herhangi bir olumsuz
etkisi olmamistir. APAP toksisitesinden sonra eksozomlarin uygulanmasi, APAP'In otofaji etkisi yoluyla hiicre 6limuni
azaltabilir. Bu bilesigin APAP'In toksik etkilerini azaltabileceg@i 6ne sirtlmektedir. Bu hiperanaljezik etkinin molekuler
mekanizmasini dederlendirmek igin ileri galigmalara ihtiyag vardir.

Anahtar kelimeler: Agri, asetaminofen, eksozom, otofaji, sican
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Introduction

The paraminophenol class of drugs includes aceta-
minophen (APAP: N-acetyl-p-aminophenol; also
known as paracetamol), a non-steroidal anti-
inflammatory drug. Its chemical name is N-acetyl-p-
aminophenol or 4-hydroxyacetanilide (CgHgNO,). The
most often recommended antipyretic and analgesic,
APAP, generally known as paracetamol, is used
mostly for fever, migraine, neuralgia, joint pain, etc.
(Zhang et al., 2016). Sexual performance, fertility
index, implantation index, and number of implants all
decreased after receiving repeated oral treatments
for 30 days with APAP (500 and 1000 mg/kg)
(Ratnasooriya and Jayakody, 2000). Research on
rodents shows that APAP reduces the total number
of adult follicles and fetal ovarian germ cells, which
affects fertility (Holm et al., 2016; Johansson et al.,
2016). Little is known about APAP in girls and its
potential relationship to the reproductive system.

The human body consists of mesenchymal stem cells
(MSCs) in a variety of tissues. To support numerous
physiological processes, MSCs exhibit niche-
dependent multiline age differentiation and produce
therapeutic exosomes. MSCs thus promise targeted
therapy and have the capacity to support both cell-
based and cell-free therapies (Li et al., 2019; Mehta,
2021). MSCs are found in a range of tissues through-
out the human body. MSCs exhibit niche-dependent
multiline age differentiation and produce therapeutic
exosomes to support a variety of physiological activi-
ties. MSCs can therefore support both cell-based and
cell-free therapies and promise targeted therapy.
Extracellular vesicles (EVs), which transport a variety
of organic molecules, are used by cells to communi-
cate with neighboring cells and distant organs (such
as protein, genomic DNA, and RNA). These vesicles
are classified depending on their biogenesis and size
(Czernek et al., 2020). Exosomes are known as het-
erogeneous collections of vesicles, and they also
carry the phenotypic state of the cell from which they
were produced (Sharma et al., 2020). They are re-
leased from cells and enter bodily fluids, where they
affect the behavior of neighboring cells (Czernek et
al., 2020). Exosomes contain a lipid bilayer and, like
cells derived from them, transport molecules like
DNA, protein, and RNA. Exosomes share a lipid bi-
layer structure with the cell from which they originat-
ed (Kalluri, 2016; Yin et al., 2019). They can freely
move throughout the body's blood vessels (Sharma
et al., 2020). Through the use of signals including
growth factors, proteases, and cytokines, they allow
communication between nearby or distant cells
(Harris et al., 2015).

It is worrying that research has associated APAP
exposure with reduced primordial follicle pools and,
hence, reduced fertility. Until now, no studies have
investigated the efficacy of concurrent exosome ad-
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ministration on potentially enhancing therapeutic out-
comes. So, the purpose of this investigation was to
determine whether co-administering exosomes and
APAP to female rats had any analgesic activity.

Material and Methods
Animal care

The Institutional Animal Care Committee of Erciyes
University approved the study according to a protocol
that was followed for this study (approval number
23/030). We used male Wistar albino rats in this work
(250-300 g). All of the animals included in the study
had normal behaviors, were healthy, and belonged to
the same species and gender. Rats that had been
previously used in other experiments were not includ-
ed. The animals were given unlimited access to water
and food while being kept in a 12-hour cycle of light
and darkness. The animals were kept for at least
three days prior to use. The animals were put to
death immediately following the experiment using a
dose of ketamine.

Obtaining dental pulp MSCs derived exosomes

The secretomes of the dental pulp derived MSCs
were collected. Exosomes was isolated using a
standard commercial kit (ExoQuick-TC Exosome
Precipitation Solution Kit). Briefly, after centrifuging
the secretomes obtained for exosome isolation at
3000 x g for 15 minutes, the supernatants were
placed into sterile tubes. 10 ml of supernatant were
mixed with 2 ml of ExoQuick-TC solution, and the
mixture was then incubated for 12 hours or overnight.
A 30-minute centrifugation at 1500 x g was then per-
formed on the ExoQuick-TC/supernatant mixture.
After the supernatants were removed, pellet-like exo-
somes could be seen at the tube's bottom.

Experimental design

Different treatments were given to various groups, as
follows: Control group: administered as usual with
saline. APAP group: On the first day of the trial, rats
were gavaged with a single dosage of 1 g/kg of
APAP (Baravalia and Chanda, 2011). Exosome
group: 30 ug of exosomes were given in 100 pl from
the tail vein (Salkin and Basaran, 2023).
APAP+exosome group: Each rat received a single
dose of 1 g/kg of APAP by gavage, followed three
days later by a tail vein injection 30 ug of exosomes.
At 72 hours after the last application in the study, the
animals were profoundly anesthetized by ketamine
and xzylazin (60/10 mg/kg), intraperitoneally, before
euthanization. The organs of interest the fallopian
tubes and uterus were immediately detached and
subsequently processed for histological evaluations.
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Histopathological studies

In order to evaluate the uterus and fallopian tubes
defects of each experimental group histologically,
tissue samples taken at the end of the experiment
were fixed in a 10% formaldehyde solution. Tissues
kept in formaldehyde for 72 hours were washed in
running tap water, passed through a series of in-
creasing grades of alcohol, cleared with xylol, then
embedded in paraffin and paraffin blocks were pre-
pared. 5 ym sections taken from paraffin blocks con-
taining rat tissues were taken on polylysine-coated
slides. The prepared slides were graded in alcohol
(100%, 96%, 80%, 70%, 50%) and then rinsed in
water after being deparaffinized with xylol using the
standard histological staining technique. The sections
were processed through an increasing alcohol series,
stained with hematoxylin-eosin (H&E) and Masson's
trichrome (MT), passed through xylol, covered with a
coverslip by dripping entellan, and examined under a
light microscope to identify the general histological
structure (Olympus BX51, Tokyo, Japan).

Immunohistochemical procedure

The immunohistochemistry (IHC) studies to evaluate
Beclin-1, p62, and LC3 activities use the avidin-biotin
peroxidase method. Following deparaffinization, the
cross sections were incubated in citrate buffer (pH
6.0) and 3% hydrogen peroxide (Lab Vision, Thermo
Scientific, Fremont). To avoid non-specific binding,
an Ultra-V block (Lab Vision, Thermo Scientific,
Fremont) was used. Following the blocking proce-
dure, tissue sections were incubated overnight with
Beclin-1 (Novus Biologicals, Littleton, CO), p62
(Novus Biologicals, Littleton, CO), and LC3 (Cell Sig-
naling Technology, Danvers, MA) primer antibodies.
The tissue samples were then exposed for 10
minutes to secondary antibodies (Lab Vision, Thermo
Fisher Scientific, Fremont). The streptavidin peroxi-
dase complex (Lab Vision, Thermo Fisher Scientific,
Fremont) in combined with DAB enabled made the
reaction product detectable. A counterstain was ap-
plied using Mayer's hematoxylin. Semi-quantitative
Beclin-1, p62, and LC3 immunohistochemical anal-
yses were evaluated in paraffin sections of the uterus
and fallopian tubes using a computer imaging sys-
tem. In the research lab of Erciyes University, two
histologists independently and semi-quantitatively
assessed immunostaining. The Image J software was
used to obtain quantitative measurements. The im-
munoreactivity intensity for Beclin-1, p62, and LC3
was assessed within 5 fields for each animal at a
total magnification of x400.

Statistical analysis

PrismTM software version 8.0 (GraphPad Inc., San
Diego, CA) was used to analyze the data (GraphPad
Software, San Diego, CA, USA). Standard error of
the mean (SEM) is used to provide group means for
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the raw data. The Kolmogorov-Smirnov and Shapiro-
Wilk tests were used to examine the distribution of
the data. Variables with a normal distribution have,
one-way variance analysis (ANOVA) was used be-
fore a multiple comparison test by Bonferroni. The
following significance levels are listed: *P < 0.05; **P
<0.01; **P < 0.001.

Result
Histological results

Our histological findings showed that the uterine en-
dometrium, myometrium, and serous layers were
distinct in the rats from the control group. Rats from
the control group were able to distinguish between
myometrium, which is composed of smooth uterine
muscles, and endometrium, which is composed of
ciliated simple columnar epithelium and an underlying
lamina propria where the uterine glands and blood
vessels are located. In contrast to the other groups,
the endometrium, myometrium, and serosa that con-
stitute the uterine histological structures were more
difficult to distinguish in the uterus of APAP-treated
rats. Comparatively to the untreated rats, ciliated and
secretory epithelial cells were not visible, but foamy-
like forms with heterochromatic nuclei were in the
APAP-treated rats. In comparison to the control
group, this group's lamina propria showed less or no
uterine glands at a few sites. The fibroblasts, and
connective tissue stroma-forming cells in the lamina
propria were seen to have edematous regions and
extravasation erythrocytes in addition to degenerative
changes. The exosome group's rat uterus had the
same normal histology as that of the control group,
including the endometrium, myometrium, serous lay-
ers, and uterine glands. Layers of the rat uterus from
the APAP+exosome group were identified as luminal
epithelium, lamina propria, myometrium, and serosa.
In the luminal epithelium of the uterus of rats in the
APAP+exosome group compared to APAP group
animals, foamy-like forms containing heterochromatic
nuclei were reduced (Figure 1).

Control Exosome

Figure1. Representative micrographs of uterus and
fallopian tube stained with H&E are showed at a mag-
nification of x200. The mucosal folds of the control
are covered by simple columnar ciliated epithelium in
each tissue. Abnormally loss most of their cilia with
the appearance of atypicalpleomorphic nuclei in

APAP group. However APAP+exosome group
showed the typically normal columnar epithelium cov-
ered by numerous cilia (H&E staining).
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The control rat fallopian tube was examined using
H&E-stained sections, which demonstrated the fim-
briae were formed of branched vascular tissue and
ciliated columnar epithelium (Figure 1). The stromal
and epithelial cells were extensively separated in the
damaged tubes. Many cells had pyknotic, darkly pig-
mented nuclei APAP group. Following exosome ther-
apy, the epithelial cells appeared to return to their
usual position, and the pyknotic cells became less
noticeable in APAP+exosome group.

In the light microscopic examination of the MT-
stained uterus and fallopian tube tissues of the exper-
imental groups, no significant difference was ob-
served in the direction of fibrosis in both tissues
(Figure 2).

Control Exosome AT

AST+Exosome

Fallopian tubes

Figure 2. Representative photomicrogrz;phs of uterus
and fallopian tubes in various groups (MT staining,
390 magnification x40).

Immunohistochemical results

By using IHC, the semi-quantitative immunoreactivity
of the autophagy markers Beclin-1, p62, and LC3
was assessed between the groups. In the endometri-
um of the rats in the APAP group, we observed that
Beclin-1 expression was lower than that of the rats in
the control group in surface epithelial cells, glandular
epithelial cells, and stromal cells. Rats from the exo-
some group had similar levels of beclin-1 immunore-
activity in both uterine glands and endometrium com-
pared to the control group (Figure 3).

Control Exosome AST

Figure 3. Representative Beclin-1 immunohisto-
chemistry micrographs of uterus and fallopian tubes
are showed at a magnification of x400.

We observed that after APAP administration, Beclin-
1, p62, and LC3 immunostaining in surface and glan-
dular epithelial cells and stromal cells in the endome-
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trium increased, while the expression decreased after
exosome treatment when we semi-quantitatively
compared APAP+exosome with APAP alone (Figure

AST+Exosome
T T,

Figure 4. The immunoreacfivity of autophagy marker
p62 in rat uterus and fallopian tubes from each group.
(IHC, magnification x40).

Rats from the APAP+exosome and APAP groups
showed higher levels of LC3 immunoreactivity in
glandular epithelial cells, surface epithelial cells, and
stromal cells in the endometrium than did rats from
the control group. Rats from the exosome group had
similar endometrial and uterine gland immunoreactivi-
ty to rats from the control group. We found that LC3
immunoreactivity increased after APAP administra-
tion in comparison with the control and decreased
after exosome administration when we semi-
quantitatively compared the APAP+exosome and
APAP groups (Figure 5).

AST+Exosome

Control Exosome AT

Figure 5. Expression LC3 in uterus and fallopian
tubes epithelial cells of the experimental groups (IHC,
magnification x40). The highest intensity expression
in APAP group, the lowest in the control group.

The statistical differences between the expression
levels of autophagy markers in the uterus and fallopi-
an tube tissues of the experimental groups are shown
in Figure 6.
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Figure 6. The autophagy markers (Beclin-1, p62, and
LC3) in the uterus and fallopian tube were enumerat-
ed in immunohistochemical stains. The values in all
panels are depicted as mean + SEM. (*P < 0.05; **P
<0.01; ***P < 0.001).

Discussion and Conclusion

APAP has analgesic, antipyretic, and anti-
inflammatory effects on patients with a variety of clini-
cal diseases. Adult fertility and, more broadly, all re-
productive functions and processes throughout life
are defined by reproductive health. Several research
studies have highlighted variations in human repro-
ductive function. The consistent rise in reproductive
diseases raises the possibility of environmental and/
or lifestyle-related causes (Arendrup et al., 2018).
Endocrine disruptors may therefore cause harm
throughout generations, particularly in germ cells
(Wei et al., 2015), leading to decreased fertility and
worse quality gametes, sperm, and oocytes.

APAP is widely used by women. After exposure to
APAP during the process of embryogenesis or organ-
ogenesis, animal models have demonstrated necrotic
and degenerative alterations in the pulmonary, repro-
ductive, and neurological systems (Van den Anker
and Allegaert, 2018). The research that is now availa-
ble also suggests that paracetamol may disrupt sev-
eral hormonal processes, including steroidogenesis
and the depletion of sulfated sex hormones (Cohen
et al., 2018), establishing the biological plausibility for
any potential change in the embryonic reproductive
systems related to paracetamol exposure. When
pregnant rats were given indomethacin (0.8 mg/kg/
day between 15.5 and 18.5 dpc) or APAP (350 mg/
kg/day between 13.5 and 21.5 dpc), the number of
germ cells in the fetal ovaries was decreased (by 40—
50%). As a result, in utero exposure to APAP and
indomethacin impacted the size of the adult ovary
and the fertility of F1 females (as determined by the
number of pups per generation) (Dean et al., 2016).
The sexual development of female offspring was also
affected by maternal APAP exposure (350 mg/kg/day
from 6 dpc until delivery and from 6 dpc until wean-
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ing), which increased plasma estradiol levels, de-
creased follicle reserve, and impaired sexual behav-
ior in female offspring (Aleixo et al., 2020). In prenatal
exposure to APAP in mice (50 or 150 mg/kg/day from
7 dpc to delivery), similar reductions in the number of
primordial germ cells were observed at 13.5 dpc,
which resulted in a reduced follicular pool in exposed
ovaries than in controls. Hence, research suggests
that therapeutic APAP dosages have an impact on
female fertility (Holm et al., 2016). Growing human
epidemiological data over the past 20 years has also
raised worry about early life paracetamol exposure
and an increased incidence of neurodevelopmental,
atopic, and reproductive adverse effects (Bardanzellu
et al., 2017). Conversely, the consequences of post-
partum ovarian and female reproductive health expo-
sure are unknown. Therefore, the effects of APAP on
reproductive health should also be examined. How-
ever, we show for the first time that APAP alters the
architecture of the uterus and fallopian tubes, which
can have toxic effects on female rats.

Exosomes were formerly thought to function as a
method for the cell to expel waste. Exosomes were
shown to be involved in intercellular communication
in the 2000s. Exosomes have been shown to load a
wide range of substances and transport them among
cells by acting as cargo in the decades that followed
(Zhao et al., 2020). Through the application of signals
including growth factors, proteases, and cytokines,
they enable communication between near or distant
cells (Harris et al., 2015). Considering that they in-
clude miRNA, exosomes offer a crucial idea in the
regulation of changes in cellular activity through ge-
netic material transfer (Valadi et al., 2007). Exo-
somes behave and function differently depending on
where they come from (Boérger et al.,, 2017). Exo-
somes have an additional benefit over mesenchymal
stem cells in that they are a cell-free therapy, pre-
venting immunological reactions and other undesira-
ble effects (Timmers et al., 2011). Because of its bet-
ter safety profile and reduced immunogenicity com-
pared to using MSCs directly, using exosomes may
offer noticeable advantages (Mendt et al., 2019).

In order to promote embryonic implantation during
the conceptive cycle and periods of shedding and
regeneration during the subsequent non-conception
cycle, the endometrium is a dynamic, complex tissue
that passes through stages of proliferation and differ-
entiation in succession (Tabibzadeh, 1996). The fallo-
pian tube is essential for several reproductive pro-
cesses, including sperm transport and capacity, ova-
ry retrieval and transport, fertilization, and the nutri-
tion and transportation of early embryos, in addition
to functioning as a passive pathway for gametes and
early embryos (Patil, 2009). In order to maintain cel-
lular homeostasis, autophagy mediates the lysosome
-mediated degradation of cytoplasmic components
such as damaged mitochondria and protein aggre-
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gates (Parzych and Klionsky, 2014). In multicellular
organisms, autophagy genes play a crucial role in
controlling a broad spectrum of vital cellular process-
es, including cell proliferation, cell death, inflamma-
tion, and a wide range of innate and adaptive im-
mune responses (Levine and Kroemer, 2008). As
autophagy may be protective or harmful depending
on the biological context, the relationship between
autophagy and disease pathogenesis is currently a
subject of significant research.

Recent studies have demonstrated the importance of
autophagy in the physiological and pathological func-
tions of the endometrium, including cyclic menstrua-
tion, decidualization, implantation, and disorders such
as endometrial hyperplasia, endometrial cancer, and
endometriosis (Oestreich et al., 2020). Human uter-
ine epithelial cells from postmenopausal women had
higher autophagy levels than those from premeno-
pausal women, suggesting that autophagy began to
develop in response to estrogen deficiency (Zhou et
al., 2016). This is consistent with the finding that
ceasing progesterone or estrogen causes modifica-
tions to the menstrual cycle (Choi et al., 2012) by
significantly increasing the expression of LC3 in the
endometrial Ishikawa cell line. These results suggest
that the basal levels of autophagy that are maintained
in the cycling endometrium are under the control of
ovarian steroid hormone levels. A further interesting
observation in this study is that APAP administration,
immunostaining of Beclin-1, p62, and LC3 autophagy
markers in epithelial and stromal cells in the endome-
trium increased, while the expression decreased after
exosome treatment. Moreover, animals in the exo-
some group had endometrium and uterine glands
that immunoreactive similarly to control rats for Beclin
-1, p62, and LC3.

The rat uterus and fallopian tubes exhibited histologi-
cal and morphometric alterations as a result of expo-
sure to APAP. Exosome treatment can also prevent
the degenerative changes caused by APAP in the
uterus and fallopian tubes. It appears that APAP has
a detrimental impact on the uterine and fallopian tube
ultrastructure in rats until it is demonstrated different-
ly. Exosomes can also be used to improve this histol-
ogy process. Studies utilizing combinations of anal-
gesics should be generalized based on our findings
because people frequently take analgesics or are
exposed to different cocktails of anti-androgenic or
anti-estrogenic chemicals in the environment. Due to
the widespread usage of analgesics, more rodent
research is needed to evaluate the harmful effects of
these drugs.
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Abstract: In this study, the clinical course, pathological findings, and potential risk factors of a systemic aspergillosis
outbreak caused by Aspergillus fumigatus in racing pigeons (Columba livia domestica) were investigated. The disease
was reported during the period of intense exercise in a 120 head racing pigeon flock. The exercise period coincided
with the high environmental temperatures. Affected birds displayed symptoms, such as weakness, fatigue, depression,
inability to stand, rapidly developing weakness, incoordination, convulsions, and death. Necropsy revealed varying
sized, prominent nodular or plaque-like lesions on the lungs, air sacs, and visceral peritoneum. Single or multiple case-
onecrotic fungal granulomas invading the existing and/or adjacent tissues were seen histopathologically. Malacic le-
sions associated with fungal elements were observed in the central nervous system. Histopathologic and cytological
findings revealed the presence of characteristic A. fumigatus elements and lesions. Considering the fact that the envi-
ronmental temperatures were above the seasonal norms during the emergence of the disease as well as subjugation
of pigeons to intense exercise for race preparations, A. fumigatus colonization and its spread in racing pigeons was
seen likely due to the combined effects of these risk factors.

Keywords: Aspergillosis, exercise, pathology, predisposing factors, racing pigeon

Bir Yarig Giivercini (Columba livia domestica) Siiriisiinde Aspergillus fumigatus Salgininin Arastiriimasi
Oz: Bu galismada yaris giivercinlerinde (Columba livia domestica) Aspergillus fumigatus’un neden oldugu sistemik
aspergillozis salgininin klinik seyri, patolojik bulgulari ve muhtemel risk faktorleri arastirildi. Ylzyirmi adet yaris guverci-
ni bulunan surtde yodun egzersiz periyodu ile iligkili hastalik salgini rapor edildi. Hastalidin ortaya ¢ikisi yogun egzer-
siz programi ve hava sicakliklarinin yiksek seviyelerde seyretmesi ile iligkiliydi. Etkilenen kanathlarda halsizlik, gabuk
yorulma, depresif durum, ayaga kalkamama, hizli gelisen zayiflama, inkoordinasyon, ¢irpinma gibi belirtiler ve 6lim
gorildi. Nekropside akciger, hava keseleri ve viseral peritoneumun ylizeyinde degisen buytukliklerde, noduller veya
plak benzeri lezyonlar dikkati gekti. Histopatolojik olarak parenkimatdz organlari etkileyen ve bu organlarin ¢evresindeki
dokulara invazyon gosteren fungal heterofilik granilomlar belirlendi. Santral sinir sisteminde fungal yapilar ile iligkili
malasik lezyonlar gorildi. Histopatolojik ve sitolojik bulgular A. fumigatus’a iligkin karakteristik bulgulari ortaya koydu.
Hastaligin ¢ikis doneminde hava sicakliklarinin mevsim normallerinin Ustlinde seyretmesi ve bu tarihlerde yariglara
hazirlik icin glvercinlere yogun egzersiz yaptirildigi géz énune alindiginda A. fumigatus’un glvercinlerde kolonize
olarak yayillmasinda bu faktorlerin olasi roli oldugu distnalda.

Anahtar kelimeler: Aspergillozis, egzersiz, patoloji, predispozan faktorler, yaris glivercini

Introduction

Despite being uncommon in mammals (Haziroglu et
al., 2006; Arné et al., 2011), aspergillosis, primarily
caused by Aspergillus fumigatus(Arné and Lee,
2020), is a major deadly mycotic disease of free-
living, captive, and domestic birds (Akan et al., 2002;
Atasever et al., 2004; Beytut et al., 2004; Beyaz et
al., 2008; Ozmen et al., 2013; Aslan et al., 2015; Gul-
cubuk et al., 2018). Aspergillus fungi are common in
nature (Arné and Lee, 2020), and aspergillosis is
commonly associated with contaminated feed or litter
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(Martin et al., 2007). Fungi sporulate in favorable
climatic conditions, increasing the number of conidia
in the air and thus the risk of air-borne infection. De-
spite the presence of aerial mycoflora birds, immuno-
suppression plays a major role in the development of
aspergillosis (Fulleringer et al., 2006; Cafarchia et al.,
2014).

Pulmonary infection, which includes diffuse miliary
plaques or nodular fungal lesions of lungs and air
sacs, is the most common type of aspergillosis. De-
pending on the severity of lesion, infected birds ex-
hibit varying degrees of dyspnea, gasping, and accel-
erated breathing (Arné and Lee, 2020) The infection
may spread to neighboring organs through local inva-
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sion (Martin et al., 2007) or, in rare cases, through
circulation to other organs and systems, most notably
the eyes (Beckman et al., 1994) and brain (Hubben,
1958; Akan et al., 2002; Ozmen and Dorrestein,
2004). Encephalitic lesions can be granulomatous or
malacic in nature and are clinically manifested by
ataxia, tremor, and other symptoms (Hubben, 1958;
Akan et al., 2002; Arné and Lee, 2020).0Other avian
granulomatous infections with similar clinical signs
may be confused with this disease. The presense of
a fungal element in a tissue specimen, a touch-
impression smear of the cut surface, or in culture and
cytology aids in the final diagnosis (Arné et al., 2011;
Arné and Lee, 2020)

The present study describes the clinical and patho-
logical findings and potential risk factors for aspergil-
losis caused by A. fumigatus in racing pigeons, af-
fecting the lungs, air sacs, visceral organs, and brain.

Materials and Methods
History

In October 2022, a disease outbreak resulting in
deaths was reported in a flock of 120 racing pigeons
(Columba livia domestica) aged 3 to 5 months. The
breeder stated an average of 1-2 deaths daily at the
onset of the disease that increased to an average of
8-10 deaths daily following the vaccination against
Newcastle disease and infectious bronchitis while
there were no reports of disease or death in the area.
The occurrence of disease coincided with the expo-
sure of pigeons to temperatures above seasonal
norms (36 °C - the highest) and excessive physical
exercise while preparing for competitions. Housing
and rearing conditions like ventilation, relative humidi-
ty, and lighting were compliant with the standards.
Fatigue, depression, inability to stand, rapidly devel-
oping weakness, incoordination, convulsions, and
death were among the clinical symptoms seen in the
affected birds. In the course of this outbreak, 75 pi-
geons died, 15 of which were presented to the De-
partment of Pathology for necropsy. The study did
not require ethical approval from the institutional
committee since the samples used in the study were
collected within the scope of diagnostic purposes.

Pathological examination

Gross pathological findings were documented during
necropsy. Lactophenol cotton blue was used to stain
touch-impression smears of the lesions' cut surfaces.
Tissue samples were then fixed in 10% neutral buff-
ered formalin for 48 h before being dehydrated in
ascending concentrations of ethanol, cleared in xy-
lene, and embedded in paraffin. The paraffin blocks
were cut into serial sections (4-5 ym) and stained
with hematoxyline and eosin. To visualize the micro-
bial agents, selected tissue sections were stained
with periodic acid Schiff (PAS), Gridley fungus (GFS),
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Brown-Breen (BB), and Ziehl-Neelsen (ZN) stains.
Slides were examined using a light microscope
(#BX51, Olympus) and a digital camera (#SC180,
Olympus), and photomicrographs were taken.

Immunohistochemistry

To investigate the possibility of Newcastle virus infec-
tion, immunohistochemical staining was performed
on sections of lesioned organs (brain, kidney, liver,
heart, air sacs, and lung). After deparaffinization and
rehydration, the tissues' peroxidase activity was in-
hibited, antigenic epitopes were exposed, and non-
specific binding sites were blocked. The sections
were then incubated for 1 h each with polyclonal rab-
bit anti-Newcastle virus and HRP-labeled anti-rabbit
(#MRT621, Biocare, USA), before being stopped with
3,3-diaminobenzidine tetrahydrochloride. As a posi-
tive control, tissues with confirmed Newcastle dis-
ease virus were used.

Result
Gross pathology

All of the birds were in poor physical condition, with
moderate muscle mass loss. On the lungs, there
were randomly distributed multifocal to coalesing
consolidated areas with round, oval-shaped, raised
dome-like, flat, or umbilical nodules in the center,
accompanied by caseous necrosis (Figure 1a-b).
Fibrinous adhesions from the pleura to the thorax
were occasionally found in the lesion areas. In the
tracheal lumen, mucoid exudate or, less commonly,
caseous exudate adhering to the mucosa was ob-
served. In sporadic cases, the mucosa at the level of
pharyngeal papillae was quite swollen and hypere-
mic, with numerous gray-to-white nodular formations
of varying sizes on the surface (Figure 1c). Hearts
were generally hypertrophic, with thickened pericardi-
al sacs and gray-to-white areas on the epicardium on
occasion (Figure 1d). The air sacs had thickened and
become opaque, with cream-colored plaque-like le-
sions protruding from the surface. The thoracic air
sacs had the most prominent lesions. Plaque-like
lesions of varying sizes were also observed at ran-
dom on the surface of the kidneys and the intestine
serosa. Kidney lesions were more common and larg-
er near the air sacs (Figure 1e-f). Except for hypere-
mia in leptomeningeal vessels, no lesions were found
in the central nervous system (CNS).
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Figure 1.Macroscopic lesions of aspergillosis in rac-
ing pigeons. a) extensive consolidated areas with
necrosis on the cranial regions of the lung; b) varying
sized, multifocal consolidated areas with round to
oval, raised dome-like, or umbilical nodules on the
lung; c) The mucosa at the level of pharyngeal papil-
lae is prominent with gray to white nodular lesions
(arrows) on its surface; d) gray to white amorphic
areas on the surface of epicardium (arrows); e) the
air sacs are thickened and opaque (arrowheads) and
plaque-like lesions on air sacs (black arrows) and
surface of the kidneys (white arrow); f) flat plaque-like
lesions on the serosa of the intestines (arrows).

Histopathological findings

On gross examination, the nodular or plaque-like
lesions seen in various organs and tissues were het-
erophilic granulomas with intralesional fungal hyphae.
Granulomas were observed replacing, distorting, or
compressing existing tissue. The granulomas had
caseous necrotic exudate in the center, which was
surrounded by a palisade of radially organized multi-
nucleated giant cells and an intense infiltration of
macrophages mixed with heterophils without an
outermost fibrous capsule. Giant cells were occasion-
ally missing from the granulomas. At the periphery of
granulomas, clusters of lymphoid cells were seen
sporadically. In the lesion areas, there was total or
segmental fibrinoid necrotic vasculitis with throm-
bosis, hemorrhages, and fungal mycelium invading
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the vessel wall, as well as perivascular inflammatory
cell infiltration. With mixed inflammatory cells and
edema, the visceral peritoneum was slightly thick-
ened.

Multifocal heterophilic granulomas were found in the
parabronchi of the lungs. Heterophilic fibrinous exu-
date or less commonly diffuse granulomatous infil-
trates filled the secondary bronchi, infundibulum, and
atria surrounding the granulomas (Figure 2a). In se-
vere cases, coalescence of these lesions affected a
larger area opening to the adjacent parabrochi,
where numerous dichotomously branched septated
hyphae, conidia, and a few conidiophores
(characteristics of Aspergillus spp.) were seen
(Figure 2b). Widespread thrombotic necrosis areas
affecting the adjacent granulomas along with intense
fungal elements invasion were seen in some cases.
The pleura and air sacs had thickened with fibrin-rich
or caseonecrotic exudate with intralesional fungal
elements (Figure 2c-d). The tracheal submucosa
thickened due to edema and inflammatory cell infiltra-
tion. Caseous exudate occasionally covered epithelial
damage in the mucosa. Small granulomas were seen
scattered throughout the oropharynx's submucosa.
Mild-to-moderate macrophage infiltrates mixed with
heterophils and edema thickened the pericardium,
occasionally invading the myocardium (Figure 2e).
The pericardial lesion was more visible at the heart's
base. Similar lesions were found in the adventitia of
the vessels that enter and exit the heart. In one case,
small granulomas were also found in the subendocar-
dium. Typical granulomas was also observed on the
surface of kidney (Figure 2f). The leptomeninges and
choroid plexuses in the CNS (n=2) were thickened
with edema and inflammatory cell infiltrations. Malac-
ic lesions with inflammatory cells infiltrates were
found adjacent to these lesions (Figure 3a-b). In the
liver (n=3), there was inflammatory cell infiltration
consisting of macrophages and fewer heterophils
scattered randomly in the parenchyme or perivenular
areas, with occasional lymphoid cell hyperplasia and
necrotic foci. In the liver, parenchymal degeneration
observed, which was more prominent in subcapsular
and periacinar regions and was accompanied by fatty
degeneration in some areas.
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Figure 2.Histopathological lesions of aspergillosis in

racing pigeons, H&E stainings. a) varying sized gran-
ulomas on the lung, characterized by central case-
onecrotic exudate surrounded by a palisade of radial-
ly organized multinucleated giant cells and epitheloid
macrophages, Bar: 100 pm; b) a large granuloma
with intralesional intense fungal elements and throm-
bosed vessel on the lung parenchyma, Bar: 200 pm;
c) thickened pleura with fibrin-rich exudate compris-
ing of macrophages, heterophiles, and multinucleated
giant cells, Bar: 100 um; d) caseified necrotic exu-
date that includes hyphae, conidia, and conidio-
phores covered the air sacs, Bar: 50 ym; Inset: close
view of fungal elements in caseified necrotic exudate;
e) thickened pericardium by moderate infiltrates of
macrophages admixed with heterophils and edema
invading the myocardium, Bar: 100 um; f) laminar
appearance caseous exudate typically protruding
from the surface of kidney, Bar: 200 um.

In the center of granulomatous foci and encepha-
lomalacic areas, GFS and PAS staining revealed
branched, septated fungal hyphae and spores invad-
ing the surrounding tissue (Figure 3c-d). The BB and
ZN stains were negative. H&E stained tissue sections
and lactophenol cotton blue stained touch-impression
smears revealed the characteristic of A. fumigatus as
septate hyphae and typical unbranched conidio-
phores, each with a single conidial head or vesicle.
There were typical columnar and unseriate conidial
heads, as well as short conidiophore stipes with coni-
cal-shaped terminal vesicles. On the upper two thirds
of the vesicle, conidial vesicles were seen supporting
a single row of phialides (Figure 4).

137

Erciyes Univ Vet Fak Derg 2023; 20(2): 134-140

B kR < ; Shia

= ¢ g S

{2 i e, 2 3 ke -
Figure 3.Mycotic encephalomalacia in racing pi-
geons. a-b) cerebrum showing extensive malacia,
H&E, Bars: 50 ym. GFS (c) and PAS (d) stainings
showing numerous dichotomously branched, septate
fungal hyphae, typical of Aspergillus spp. in the areas
of malacia, Bars: 50 pm.

Figure 4. Tissue section showing fungal elements
(hyphae, conidia, and conidiophores) specific to A.
fumigatus. H&E staining, Bar: 10 pm.

Immunohistochemical findings

There was no anti-Newcastle disease virus antibody
immunoreactivity.

Discussion and Conclusion

Despite being uncommon in mammals (Tunca and
Haziroglu, 2004; Haziroglu et al., 2006; Tunca et al.,
2006), fungal infections especially aspergillosis con-
tinues to result in considerable morbidity and mortali-
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ty especially in birds (Akan et al., 2002; Atasever et
al., 2004; Beytut et al.,, 2004; Beyaz et al.,, 2008;
Ozmen et al., 2013; Aslan et al., 2015; Gulcubuk et
al,, 2018). In this epidemic, clinical, macroscopic,
microscopic, and cytological examinations revealed
A. fumigatus systemic infection. The clinical signs of
the disease differ depending on the organs and tis-
sues involved, as well as the disease's progression
(localized or systemic) (Arné and Lee, 2020). In this
outbreak, clinical respiratory signs associated with
disease were subtle that might be linked with the
lesser extent of the pulmonary lesions. Previous re-
search has shown that mild pulmonary symptoms
can occur in spontaneous outbreaks (Jensen et al.,
1997) and experimentally infections of A. fumigatus
(Thierry et al., 2013). Signs of the involvement of
nervous system like inability to stand up, incoordina-
tion and convulsions were seen in this study as de-
scribed previous reports (Richard et al., 1982; Arné
and Lee, 2020). Earlier studies have shown that
these findings are caused by granulomatous (Ozmen
and Dorrestein, 2004) or malacic meningoencephali-
tis (Akan et al., 2002). In our study, nervous signs in
some pigeons might have resulted from malacic le-
sions caused by fungal elements. Despite the neuro-
logical symptoms, some studies have found that his-
topathological lesions in the CNS may be absent in
aspergillosis outbreaks. These findings suggest that
neurological symptoms may occur as a result of fungi
-produced toxins (Richard et al., 1981; Ozmen et al.,
2013)

Mold-contaminated litter and feed is the main source
of Aspergillosis (Martin et al., 2007). Under favorable
climatic conditions, fungi sporulate in these materials,
increasing the mycofloral load in the air. Birds ex-
posed to large amounts of conidia are more likely to
become infected. Nonetheless, the factors that cause
immunosuppression in birds are equally important in
the progression of infection. These factors include
inadequate ventilation, high temperature and humidi-
ty, mucosal irritants, physical activity, and exogenous
administration of corticosteroids (Fulleringer et al.,
2006; Cafarchia et al., 2014). Physical stress, such
as intense exercise, activates the sympathomedullary
pathway and the hypothalamus-pituitary-adrenal axis,
allowing stress hormones to be released(Caplin et
al., 2021). Excess catecholamine secretion during
increased physical activity may contribute to immuno-
suppression (Kruk et al., 2020). During the summer
and autumn, racing pigeons in this outbreak were
subjected to intense exercise and a special nutritional
regimen for long-distance flight. This rigorous exer-
cise regimen may be one of the factors that predis-
poses pigeons to aspergillosis by causing immuno-
suppression. Furthermore, environmental tempera-
tures were above seasonal norms during the current
outbreak, indicating that heat stress might have
played a role in the disease's emergence. Moreover,
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the increased mortality following vaccination in the
current outbreak was consistent with the findings of a
previous study reported that vaccine administration is
a risk factor for aspergillosis (Barton et al., 1992).

Because the infectious agent usually enters through
the air, the pulmonary system is the primary infection
site. Conidia inhaled are typically eliminated by an
activated immune system. The conidia of A. fumiga-
tus are very small organisms that can cross the phys-
ical barrier and infiltrate deep into the respiratory sys-
tem to initiate the infection before the host immune
response is effective (Martin et al., 2007; Arné et al.,
2011; Amé and Lee, 2020). Consolidation in the
lungs with caseous necrotic noduls and fibrinous ad-
hesions, as well as plaque-like lesions in the air sacs
and visceral peritoneum, was also observed in our
study, as previously reported (Akan et al. 2002; Arné
and Lee, 2020). The present study's widespread and
severe pulmonary lesions suggest that hyphae adhe-
sion and colonization most likely began in the lung
and thoracic air sacs and then spread to other tis-
sues. Because of the presence of smaller lesions in
organs adjacent to the air sacs, as well as hyphal
lesions in brain, endocardium, and parenchyma of
other organs, we believe that systemic infection oc-
curred via both hematogenous route and by direct
invasion. The presence of multiple parenchymal le-
sions in the same organ suggests that hematogenous
spread is a continuous process.

Ocular lesions have been reported in previous asper-
gillosis outbreaks, with two different localizations in-
volving either the corneal and conjuctiva or the vitre-
ous humor (Richard et al., 1984; Beckman et al.,
1994; Dalton and Ainsworth, 2011). While corneal
and conjuctival involvement develops as a result of
direct contact with superficial fungal elements
(Beckman et al., 1994; Dalton and Ainsworth, 2011),
choroid and ciliary retinal involvement develops as a
result of fungi being spread hematogenously from
pulmonary lesions (Richard et al., 1984). Histopatho-
logical evidence of corneal and intraocular lesions
was not found in this study. Other factors may be
associated with the absence of external eye lesions.
In fact, a previous study suggested that mycotic kera-
toconjuctivitis develops as a result of corneal damage
caused by toxic gases, such as ammonia (Beckman
et al., 1994).

Multifocal to coalescing distributed fungal granulomas
surrounded by giant cells in lungs, air sacs, and vis-
ceral peritoneum in addition to diffuse granulomatous
infiltration in lungs in severe cases was consistent
with previous studies (Richard and Thurston, 1983;
Akan et al., 2002; Cafarchia et al., 2014). We easily
detected the fungal elements using PAS and GFS
stainings, as previous reported (Ozmen and
Dorrestein, 2004). According to one experimental
study (Richard and Thurston, 1983), granulomas
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begin to be surrounded by a fibrous capsule during
the subacute stage, and the fibrous capsule becomes
more prominent later on. In our study, granulomas
that were not surrounded by a prominent fibrous cap-
sule suggests that infection occurred early in the dis-
ease's progression. Infected birds with non-viable A.
fumigatus conidia do not exhibit the typical pneumo-
nia lesions surrounded by giant cells (Kunkle and
Rimler, 1996)

The present study demonstrates that A. fumigatus
caused this outbreak with a mortality rate of more
than 60%. In racing pigeons, high environmental tem-
perature and intense physical activity played a role in
the systemic course of the disease involving the CNS
by probable immunosuppression.

Declaration of Competing Interest

The authors declare that no commercial funding was
obtained that may be construed as potential conflict
of interest.

References

Akan M, Haziroglu R, Ihan Z, Sareyylpoglu B, Tunca
R. A case of aspergillosis in a broiler breeder
flock. Avian Dis 2002; 46(2): 497-501.

Arné P, Thierry S, Wang D, Deville M, Le Loc'h G,
Desoutter A, Féménia F, Nieguitsila A, Huang W,
Chermette R, Guillot J. Aspergillus fumigatus in
poultry. Int J Microbiol 2011; 2011 :746356.

Arné P, Lee MD. Fungal infections. Swayne DE. ed.
In: Diseases of Poultry. Fourteenth Edition. Hobo-
ken, NJ, USA: Wiley-Blackwell, 2020 pp. 1109-33.

Aslan O, Yaman D, Karaca Bekdik i, Abay S. Ekebas
G. Bir guvercin surisinde Aspergillus fumigatus-
enfeksiyonu. Erciyes Univ Vet Fak Derg 2015; 12
(2), 147-52.

Atasever A, Gimissoy KS. Pathological, clinical and
mycological findings in experimental aspergillosis
infections of starlings. J Vet Med A Physiol Pathol
Clin Med 2004; 51(1): 19-22.

Barton JT, Daft BM, Read DH, Kinde H, Bickford AA.
Tracheal aspergillosis in 6 1/2-week-old chickens
caused by Aspergillus flavus. Avian Dis 1992; 36
(4): 1081-5.

Beckman BJ, Howe CW, Trampel DW, DeBey MC,
Richard JL, Niyo Y. Aspergillus fumigatus keratitis
with intraocular invasion in 15-day-old chicks.
Avian Dis 1994; 38(3): 660-5.

Beyaz L, Gimissoy KS, Cam Y, Abay S, Atasever A.
Kayseri Hayvanat Bahgesi’nde bulunan bazi
yabani kanatl tlrlerinde rastlanan sistemik asper-
gillozis. Ankara Univ Vet Fak Derg 2008; 55(1):

139

Erciyes Univ Vet Fak Derg 2023; 20(2): 134-140

31-5.

Beytut E, Ozcan K, Erginsoy S. Immunohistochemi-
cal detection of fungal elements in the tissues of
goslings with pulmonary and systemic aspergillo-
sis. Acta Vet Hung 2004; 52(1): 71-84.

Cafarchia C, Camarda A, latta R, Danesi P, Favuzzi
V, Di Paola G, Pugliese N, Caroli A, Montagna
MT, Otranto D. Environmental contamination by
Aspergillus spp. in laying hen farms and associat-
ed health risks for farm workers. J Med Microbiol
2014; 63(3): 464-70.

Caplin A, Chen FS, Beauchamp MR, Puterman E.
The effects of exercise intensity on the cortisol
response to a subsequent acute psychosocial
stressor. Psychoneuroendocrinology 2021; 131:
105336.

Dalton JR, Ainsworth H. Mycotic keratoconjunctivitis
in 12-day-old red-legged partridges (Alectoris
rufa). Vet Rec 2011; 168(22): 90.

Fulleringer SL, Seguin D, Warin S, Bezille A,
Desterque C, Arné P, Chermette R, Bretagne S,
Guillot J. Evolution of the environmental contami-
nation by thermophilic fungi in a turkey confine-
ment house in France. Poult Sci 2006; 85(11):
1875-80.

Gulcubuk A., Erdogan-Bamac O, Metiner K, Yuzbasi-
oglu Ozturk G, Ozgur Y, Haktanir D. A case of
pulmonary aspergillosis in white storks. J Hellenic
Vet Med Soc 2018; 69(2): 1004-9.

Haziroglu R, Sahal M, Tunca R, Giveng T, Duru SY,
Ataseven L. Pleuritis and pneumonia associated
with nocardiosis and aspergillosis in a domestic
short haired cat. Ankara Univ Vet Fak Derg 2006;
53(2): 149-51.

Hubben K. Case report: Aspergillus meningo-
encephalitis in turkeys and ducks. Avian Dis
1958; 2(1). 110-6.

Jensen HE, Christensen JP, Bisgaard M, Nielsen OL.
Immunohistochemistry for the diagnosis of asper-
gillosis in turkey poults. Avian Pathol 1997; 26(1):
5-18.

Kruk J, Kotarska K, Aboul-Enein BH. Physical exer-
cise and catecholamines response: Benefits and
health risk: Possible mechanisms. Free Radic
Res 2020; 54(2-3): 105-25.

Kunkle RA, Rimler RB. Pathology of acute aspergillo-
sis in turkeys. Avian Dis 1996; 40(4): 875-86.

Martin MP, Bouck KP, Helm J, Dykstra MJ, Wages
DP, Barnes HJ. Disseminated Aspergillus flavus
infection in broiler breeder pullets. Avian Dis



Erciyes Univ Vet Fak Derg 2023; 20(2): 134-140

2007; 51(2): 626-31.

Ozmen O, Dorrestein MG. Observations of aspergil-
losis in the brains of turkey poults using different
histopathological staining techniques. Biotech
Histochem 2004; 79(2): 95-9.

Ozmen O, Albay MK, Haligiir M, Sahinduran S. Clini-
copathological findings on naturally occurring
aspergillosis in pigeons. MAKU Sag Bil Enst Derg
2013; 1(1): 1-10.

Richard JL, Cutlip RC, Thurston JR, Songer J. Re-
sponse of turkey poults to aerosolized spores of
Aspergillus fumigatus and aflatoxigenic and no-
naflatoxigenic strains of Aspergillus flavus. Avian
Dis 1981; 25(1): 53-67.

Richard JL, Thurston JR, Cutlip RC, Pier AC. Vac-
cination studies of aspergillosis in turkeys: Subcu-
taneous inoculation with several vaccine prepara-
tions followed by aerosol challenge exposure. Am
J Vet Res 1982; 43(3): 488-92.

Richard JL, Thurston JR, Peden WM, Pinello C. Re-
cent studies on aspergillosis in turkey poults. My-
copathologia 1984; 87(1): 3-11.

Richard JL, Thurston JR. Rapid hematogenous dis-
semination of Aspergillus fumigatus and A. flavus
spores in turkey poults following aerosol expo-
sure. Avian Dis 1983; 27(4): 1025-33.

Thierry S, Durand B, Melloul E, Tafani JP, Wang DY,
Deville M, Cordonnier N, Chermette R, Guillot J,
Armé P. Assessment of Aspergillus fumigatus
pathogenicity in aerosol-challenged chickens
(Gallus gallus) belonging to two lineages. Comp
Immunol Microbiol Infect Dis 2013; 36(4): 379-85.

Tunca R, Giiveng T, Haziroglu R, Ataseven L, Ozen
H, Toplu N. Pathological and Immunohistochemi-
cal investigation of naturally occurring systemic
Candida albicansinfection in Dogs. Turk J Vet
Anim Sci 2006; 30(6): 545-51.

Tunca R, Haziroglu R. Kobaylarda deneysel Candida
albicans enfeksiyonunda patolojik bulgular. Anka-
ra Univ Vet Fak Derg 2004; 51: 133-42.

Emrah Ipek

140






ERCIYES UNIVERSITESi VETERINER FAKULTESIiI DERGISI
Journal of Faculty of Veterinary Medicine, Erciyes University

Derleme / Review
20(2), 141-151, 2023
DOI: 10.32707/ercivet.1332031

Memeli Testisinde Kan-Testis Bariyeri’nin Bilesenleri ve Ureme ile iligkileri
Betlil FIDAN"?, Narin LIMAN>®

1ErC|yes Universitesi, Saglik Bilimleri Enstitiisii, Veteriner Histoloji ve Embriyoloji Anabilim Dall, Kayserl-TURKIYE
2Erciyes Universitesi, Veteriner Fakiiltesi, Histoloji ve Embriyoloji Anabilim Dali, Kayseri-TURKIYE
ORCID: 20000-0002-7620-8524; "0000-0001-5489-2719

Sorumlu yazar: Narin LIMAN; E-posta: limann@erciyes.edu.tr; narinliman@gmail.com
How to cite: Fidan B, Liman N. Memeli testisinde kan-testis bariyeri’nin bilesenleri ve Greme ile iliskileri. Erciyes Univ
Vet Fak Derg 2023; 20(2):141-151

Oz: Memelilerde viicudun bazi ézel béliimlerindeki mollekiillerin kan ve dokular arasindaki hareketi “kan-doku bariyeri”
adi verilen yapilar tarafindan kontrol edilir. Bu bariyerlerin baglicalari kan-beyin, -plasenta, -retina, -timus, -testis ve -
epididimis bariyerleridir. Kan-testis bariyeri (BTB) ve kan-epididimis bariyeri (BEB) erkek Gireme sistemindeki iki dnemli
hiicresel bariyerdir. Seminifer epitelde yerlesen ve komsu Sertoli hiicreleri arasinda bulunan BTB, tight junction, gap
junction (gegit baglantilari), desmozom (macula adherens) ve adherens junction (bazal ektoplazmik 6zellesme-testise
0zgu bir yapisma baglantisi) tipi baglantilar tarafindan olusturulur. Bu bariyer gelismekte olan germ hiicrelerini, 6zellikle
postmayotik spermatidleri, kan ve lenf yoluyla buraya tasinan zararli ajanlardan (ilaglar, toksik kimyasallar ve mutajen-
ler gibi) koruyan ve farklilagsmis germ hucrelerine karsi olusabilecek otoimmun tepkileri énleyen biyokimyasal ve immu-
nolojik bir mikro gevre olusturur. BTB seminifer tiibil epitelini bazal ve adluminal bélmelere ayirarak hiicre polaritesi
saglar ve tubdl limenindeki sivinin kimyasal bilesiminin korunmasina yardimci olur. BTB spermatogenez sirasinda
yeniden yapilanmaya ugrar, ancak bitinligi bozulmaz. Boylece germ hiicreleri bu benzersiz yapi sayesinde seminifer
epitel boyunca tasinir. Bariyeri olusturan bilesenlerden herhangi birinde bozulma olmasi durumunda germ hucreleri
gelisimlerini tamamlayamaz ve erkeklerde infertilite sekillenir. Ayrica, gelismemis germ hiicreleri sekonder oositi dolle-
yemediginden disi fertilitesi de dolaylh olarak bu durumdan etkilenebilir. Ozetle bu bariyer germ hiicrelerinin hayatta
kalmasi ve normal spermatogenezin devamhhgi icin kritik bir 5Sneme sahiptir. Bu derlemenin amaci, memelilerde erkek
infertilitesinde énemli rol oynayan kan-testis bariyerini olusturan baglanti komplekslerinin molekiiler bilesenleri hakkin-
da bilgi vermektir.

Anahtar kelimeler: Kan-testis bariyeri, siki baglantilar, testis, tutundurucu baglantilar

Components of the Blood-Testis Barrier in the Mammalian Testis and Their Relationship with Fertility
Abstract: In some special parts of the mammalian body, the movement of molecules between blood and tissues is
controlled by structures called “blood-tissue barriers.” These barriers are mainly the blood-brain, -placenta, -retina, -
thymus, -testis, and -epididymis barriers. The blood-testis barrier (BTB) and the blood-epididymis barrier (BEB) are the
two important cellular barriers in the male reproductive system. BTB is localized between adjacent Sertoli cells in the
seminiferous epithelium of the testis and is formed by tight junctions, GAP junctions, desmosomes (macula adherens),
and adherens junctions (ectoplasmic specialization-a testis-specific adhesion junction). The BTB creates a biochemical
and immunological microenvironment that protects developing germ cells, especially post-meiotic spermatids, from
harmful agents (such as drugs, toxic chemicals, and mutagens) carried there by blood and lymph and that prevents
autoimmune responses against differentiated germ cells. The BTB divides the seminiferous tubule epithelium into basal
and adluminal compartments, ensuring cell polarity and helping to maintain the chemical composition of the fluid in the
tubule lumen. BTB undergoes remodeling during spermatogenesis, but its integrity remains intact. Thus, thanks to this
unique structure, the germ cells are transported across the seminiferous epithelium. Any disruption in the components
that make up the barrier can adversely affect Sertoli-germ cell interactions, preventing germ cells from completing their
development and leading to male infertility. In addition, female fertility may be indirectly affected as immature germ
cells cannot fertilize the secondary oocyte. In summary, this barrier is critical for germ cell survival and maintenance of
normal spermatogenesis. This review aims to provide information about the molecular components of the junction
complexes that form the blood-testis barrier, which plays an important role in male infertility in mammals.

Keywords: Adherens junction, blood-testis barrier, testis, tight junction

Giris ten bir ¢ift organdir. Testis dokusu baslica seminifer
tublller ve interstisyum olmak Uzere iki bolimden
yumlari ve erkeklik hormonlari olan androjenleri tre- olan seminifer tiibiiller somatik Sertoli hiicreleri ile
germ hicrelerini (spermatogonyum, spermatosit ve
Gelig Tarihi/Submission Date : 23.12.2022 spermatid) igeren ¢ok kath epitelle értiliidirler. Serto-
Kabul Tarihi/Accepted Date  : 14.03.2023 li hicreleri, seminifer tibllin bazal membranindan
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Ilimenine kadar uzanan polarize epitel hicreleridir.
Bu hiicreler seminifer epiteli bazal ve adluminal ol-
mak Uzere iki bolmeye (kompartiman) ayiran kan-
testis bariyerini olustururlar. Spermatogonyum ve
preleptoten spermatositler bazal bdélmede bulunur-
ken, primer ve sekonder spermatositler, yuvarlak ve
uzayan/uzamis spermatidler adluminal bélmede bulu-
nur (Sekil 1). Seminifer tiblller etrafinda motilite ye-
tenedi olmayan, spermatozoanin tubul Iimeninden
epididimise atiimasinda goérevli kontraktil peritibuler
miyoid hiicreler bulunur. interstisyum ise androjenle-
rin Uretiminden sorumlu olan Leydig hucrelerinin ya-
nisira fibroblastlari, makrofajlari, lenfositleri, dendritik
hicreleri, mast hucrelerini, kan ve lenf damarlarini
iceren bag dokudan olusur (Mruk ve Cheng, 2015).
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Sekil 1. Spermatogenez sirecinde Sertoli hiicresi-
Sertoli hiicresi ve Sertoli hiicresi- germ hiicresi siki
baglantilarinin  lokalizasyonu (Cheng and Mruk,
2009).

Spermatogenez

Spermatogenez, erkeklerde diploid spermatogonyal
kék  hucrelerden  haploid germ  hucrelerinin
(spermatozoa) olustugu hiicresel déntisiim sirecidir.
Bu dongu, memeli testisinin fonksiyonel birimi olan
seminifer tubdller icinde, Sertoli hicrelerinin yapisal
ve besinsel destedi ile cesitli endokrin faktorlerin
kontrolu altinda gerceklesir (Hess ve Renato de Fran-
ca, 2008).

Spermatogenez, birbiriyle iligkili ancak birbirinden
farkli dort hiicresel olaydan olugur:

Mitoz bélinme ve farklilagsma (diferensiyasyon): Se-
minifer tublllerde bazal lamina Uzerinde yerlesen A
tipi spermatogonyanin gogalmasi ve bazilarinin B tipi
spermatogonyaya farklilasmasi asamasidir. Bu faz
seminifer tlbdllerin bazal kompartmaninda gergekle-
sir. B tipi spermatogonyumlar da preleptoten ve lepto-
ten spermatositlere farklilasirlar.
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Mayoz boélinme: Primer spermatositlerin birinci ma-
yoz bolinme ile sekonder spermatositleri, sekonder
spermatositlerin de ikinci mayoz boélinme ile haploid
spermatidleri olusturdugu asamadir. Bu asama buyuk
olcude tubdlin adluminal kompartmaninda gercekle-

Sir.

Spermiyogenez: Spermatidlerin spermatozoaya mor-
fogenezidir. Spermiyogenez sureci, dort asamaya
ayrilir: Golgi asamasi, akrozom asamasi, kuyruk olu-
sumu, olgunlagsma agsamasi.

Spermiasyon: Bu asamada gelisimini tamamlayan
Sertoli hucrelerinden ayrilarak seminifer epiteli terk
eder ve rete testise iletilir. Bu olay adluminal béime-
de gerceklesir (Fiorini ve ark., 2004).

Seminifer tlbdlde birbirini takip eden bu hiicresel
gelisim evreleri spermatojenik doénguyi
(spermatojenik siklus) olusturur. Spematojenik déngu
germ hucrelerinin morfolojik degisikliklerine, varligina,
konumuna veya spermatidlerdeki akrozomun gelisi-
mine gobre asamalara ayrilir. Bu asamalarin sayisi
turlere gére degismekte olup, insanda 6, sican ve
farede 14, boga, kog, kedi, kdpek ve atta 8 asama
bulunmaktadir (Johnson, 1995; Liman ve ark., 2013).
Bu asamalar seminifer tlibul boyunca seminifer epitel
dalgasina (spermatogenic wave) yol agmaktadir
(Cheng ve Mruk, 2002).

Kan-Testis Bariyeri (BTB)

Memeli viicudunda kan-beyin bariyeri, kan-hava bari-
yeri, kan-retina bariyeri, kan-timus bariyeri, kan pla-
senta bariyeri gibi birgcok bariyer mevcuttur. Kan-
testis ve kan-epididimis bariyerleri de erkek genital
sistemde bulunan 6énemli hicresel bariyerlerdendir.
Kan testis bariyerinin ¢ ana bilesenden olustugu
kabul edilir:

a) Sertoli hiicre baglantilarindan olusan fiziksel bari-
yer,

b) Maddelerin limenden limene hareketini kontrol
eden, Sertoli hucre tasiyicilarindan olusan fizyolojik
bariyer,

c) Bagisiklik dizenleyici faktorler ve tolerans meka-
nizmalarinin sagladigi immunolojik bariyer.

Bu (¢ bilesen, BTB'de koordineli hareket ederek
fonksiyonel olarak adluminal bélge icinde mayotik ve
post-mayotik germ hiicre olgunlagsmasi i¢in hem im-
munolojik hem de biyokimyasal olarak uygun bir or-
tam saglar. Fiziksel bariyerler, molekullerin Iimene
gegcisini kisitlarken, Sertoli hiicrelerinin bazolateral ve
apikal membranlan boyunca yer alan spesifik tagiyi-
cilar, molekdllerin [imen igine veya disina hareketini
dizenler (Stanton, 2016).

Testiste, damar endotelinin gecirgenligi olduk¢a faz-
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ladir ve bu sayede dolagimdaki maddeler interstisyu-
ma serbestce gecebilir (Kaur ve ark., 2013). Ayrica
seminifer tibullerin limenindeki sivi, plazmaya goére
daha az protein ve glikoz, daha fazla androjen, 6stro-
jen ve potasyum igerir. Hem seminifer tiibul duvarin-
da gelismekte olan germ hiicrelerinin ve hem de tibdl
lumenindeki sivinin igeriginin korunmasi igin kan-
testis bariyerinin varligi buyik 6nem tasimaktadir.
Kan-testis bariyerinin birinci islevi Sertoli hiicrelerinin
arasindan seminifer tiibul lGmenine dogru su, elektro-
litler, iyonlar, hormonlar, parakrin faktorler ve cesitli
biyolojik molekiillerin gegisini kisitlamaktir. Ikinci isle-
Vi ise preleptoten evresinden itibaren bazal kompart-
mandan adluminal kompartmana ge¢mis olan sper-
matositlerin izole bir mikro ¢evrede spermatogenezi
tamamlamasini saglamaktadir (Mruk ve Cheng,
2004). BTB, hem I6kositlerin ve spermiyogenezis
sirasinda olusabilecek anti-sperm  antikorlarinin
(ASA) seminifer tibdllere girmesini engelleyerek,
hem de mayoz bélinme icin gerekli olan benzersiz
bir immunolojik ve biyokimyasal mikro ortam olustura-
rak infertiliteyi onler (Li ve ark., 2018).

Bu derlemede hiicresel bir bariyer olan BTB’nin yapi-
sina katilan baglanti kompleksleri hakkinda bilgi veri-
lecektir.

Kan-Testis Bariyeri Baglanti Kompleksleri ve
Proteinleri

Kan-beyin bariyeri ve kan-retina bariyeri gibi diger
bariyer yapilari kapilar damarlarin endotel hicreleri
arasindaki siki baglantilar (tight junction) ile damar
disinda destekleyici olarak bulunan perisit ve perivas-
kiler makrofajlardan meydana gelir. Memeli testisle-
rinde seminifer tlbul epitelinde bulunan BTB ise kom-
su Sertoli hiicreleri arasinda yerlesen 6zellesmis bag-
lantilar [tight junction’lar, siki baglantilar, TJs), gap
junction’lar (gegcit baglantilari), desmozomlar (macula
adherens) ve adherens junction’lar (ektoplazmik 6zel-
lesmeler-testise 6zgu bir yapisma baglantisi)] tarafin-
dan olusturulur (Sekil 1). Bu baglantilarin spermato-
genez ve fertilite igin gerekli olan BTB bitinliginin
korunmasinda birlikte islev gordigu bilinmektedir
(Cheng ve ark., 2011). BTB'de farkli baglanti turleri-
nin bir arada bulunmasi veya birbirine karismasi, bu
bariyeri kan-beyin bariyeri ve kan-retina bariyeri gibi
diger tim kan-doku bariyerlerinden farkh kilar (Wong
ve Cheng, 2005).

Memelilerde BTB’nin gelisimi, pubertede seminifer
tublllerde ilk spermatogenez dalgasinin sekillenmesi
ile baglar. BTB, kemirgenlerde dogum sonrasi, insan-
larda ise ergenlik déneminde gelisir (Gerber ve ark.,
2016). BTB'de, spermatositlerin seminifer epitelin
adluminal kompartmanina girebilmeleri i¢cin dongusel
olarak yeniden yapilandirildigina inaniimaktadir ve bu
kismen baglanti proteinleri, sitokinler, proteazlar/
proteaz inhibitérleri, hormonlar ve endositik/trafficking
proteinleri gibi bir dizi molekil tarafindan gergeklesti-
rilir (Mruk ve Cheng, 2004; Li ve ark., 2009).

Narin LIMAN

Tikayici Baglantilar

1. Siki baglantilar [Tight junction (TJ), Zonula
occludens]

Siki baglantilar, bitisik hicreler arasinda hem gegi-
rimsiz bir bariyer gérevi gorur hem de epitel hicrele-
rinde karakteristik olarak bulunarak hicresel bir pola-
rite olusturur. Bu durum &zellikle seminifer tlbullerde,
Sertoli hlcreleri ve BTB'ler arasinda oldukga belirgin-
dir (Gerber ve ark., 2016). BTB'nin siki baglantilari
bazi yazarlar tarafindan “Sertoli hiicresi-Sertoli hiicre-
si siki baglantilar” olarak da adlandirilir. Bu baglanti-
lar, tlbullerin bazalindeki Sertoli hiicreleri arasinda ve
Sertoli hicrelerine bagll spermatidler arasindaki te-
mas bdlgelerinde bulunur (Mital ve ark., 2011).

Bu baglantilar okludinler, klaudinler ve baglanti adez-
yon molekillerinden olugsmalari bakimindan diger
epitel hicrelerinde bulunan siki baglantilara benzer,
ancak apikalden ziyade bazalde yer almalarindan
otlru diger epiteliyal siki baglantilarina gére benzer-
siz olarak nitelendirilirler. Son veriler, siki baglanti
proteinleri ve sinyal molekdlleri arasindaki fiziksel
etkilesimlerin, siki baglantinin sinyal iletimi i¢in bir
platform oldugunu ve bu platformun bozulmasinin
Sertoli hiicre fonksiyonunu etkileyebilecegini goster-
mektedir (Fiorini ve ark., 2004). Sertoli hiicresi-Sertoli
hicresi siki baglantilarinin kurucu proteinleri arasin-
da integral transmembran proteinleri [okludin ve kla-
udinler], adaptér proteinler [zona okludens proteinleri
1, 2 ve 3 (TJP 1, 2 ve 3)] ve kavsak yapisma mole-
kdlleri [junctional adhesion molecules, JAMs] bulun-
maktadir (Mitic ve ark., 2000).

1.1. Integral transmembran proteinleri [Okludin ve
klaudinler]

Okludin, dért transmembran alani, bir hticre igi ve iki
hiicre disi doéngusii olan 60 ila 65 kDa'lik, Ca+*den
bagimsiz hicreler arasi adezyon (yapigsma) moleki-
IGdir. Siganlarda ve farelerde Sertoli hiicreleri arasin-
daki siki baglantilarda bulunur, ancak kobay veya
insanda bulunmaz (Cheng ve ark., 2001). Okludin,
Sertoli hicrelerinde TJ'lara yerlesir ve paraseliler
sizdirmazhdin olusturulmasinda da o6nemli bir rol
oynar (Chung ve Cheng, 2001).

Klaudinler, dort transmembran alani, kisa bir
N-terminali ve daha uzun C-terminalinden olusan
ktguk molekiler agirlikh (21-28 kDa) integral memb-
ran proteinleridir (Tsukita ve ark., 2001). Klaudinler
TJ’larin sitoplazmik yiizeyinde, adaptdér veya iskelet
molekdlleri, o6zellikle ¢ zonula okludens proteini
(ZOP'ler: ZO-1, ZO-2 ve Z0O-3) araciliiyla aktin hiic-
re iskeletine baglanirlar (Xu ve ark., 2009). Memeli-
lerde klaudinler en az 27 lyeden olugur ve islevlerine
gbre kategorize edilirler (Mineta ve ark., 2011). Gegir-
genligi azaltan klaudinler "siki" veya sizdirmaz (veya
bariyer olusturan) klaudinler (1, 3, 5, 11, 14, 19) ola-
rak adlandirilirken, gecirgenligi artiranlar "sizdiran"
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veya kanal olusturan" veya “por olusturan klaudinler”
olarak adlandirilir. Por olugturan klaudinler de katyon
secici (2, 10b, 15) ve anyon segici (10a, 17) kla-
udinler olarak ikiye ayrilir. Diger iki grup ise tutarsiz
(4, 7, 8 ve 16) veya bilinmeyen (6, 9, 12, 13, 18, 20-
27) iglevlere sahip klaudinler icerir (Amasheh ve ark.,
2009). TJlar tipik olarak birden fazla klaudin izoformu
icerir. Klaudinler tim epitellerin siki baglantilarinda
bulunur, ancak doku dagilimlari spesifiktir ve turler
arasinda degisiklik gosterir (Glinzel ve Yu, 2013;
Liman ve Ates, 2020). Bugline kadar bazi memelile-
rin testislerinde yedi farkh klaudin (klaudin-1, -3, -4, -
5, -7, -8 ve -11) bulundugu gosterilmistir (Mazaud-
Guittot ve ark., 2010; McMillan ve ark., 2014;
Stammler ve ark., 2016; Portner ve ark., 2020; Li-
man, 2023). Klaudin-11 testisteki Sertoli htcreleri
arasindaki siki baglantilarda bulunur, ancak germ
hicrelerinde bulunmaz (Siu ve Cheng, 2004). Klaudin
- 3 ve -4 hem TJ'lerin hem de bazal ektoplazmik 6zel-
lesmelerin (ES'ler) bir bilesenidir ve klaudin-3, yeni
BTB olusumunun bir géstergesi ve énemli bir aracisi-
dir (Li ve ark., 2018). Cesitli calismalar, klaudin-11
geni bulunmayan (claudin-11-null) farelerde Sertoli
hiicre polaritesinin ve TJ fonksiyonunun bozuldugunu
ve bunun da infertilite ile sonuglandigini, ayrica kla-
udin-11'in testiste siki baglanti olusumu ve bariyer
bltinltgu icin zorunlu bir protein oldugunu gdéster-
miglerdir (Mazaud-Guittot ve ark., 2010; Stammler ve
ark., 2016; Portner ve ark., 2020). Ayrica, McMillan
ve ark. (2014) klaudin-8'in sigir testisindeki spermato-
gonial kok hiicre nisinde rol oynayabilecegini ileri
surmustar.

1.2. Adaptor
proteinleri, ZO)

proteinler (Zonula okludens

Zonula okkludens proteinleri membranla iligkili guani-
lat kinaz (MAGUK) benzeri protein siiper ailesine
aittir. Bunlar, hucreler arasi baglantilarin sitoplazmik
yuzeyinde c¢ok proteinli komplekslerin bir araya
gelmesi icin yapisal temel saglayan iskelet pro-
teinlerdir. Ayrica aktin hicre iskeletine baglanmak
icin okludin ve klaudin gibi integral membran TJ pro-
teinleri tarafindan kullanilan adaptér proteinlerdir.
Hicre-hlicre temaslarindaki yapisal iglevlerinin yani
sira, ZO proteinlerinin hicre buylimesi ve c¢ogal-
masinin dizenlenmesine katildigi gortlmektedir. ZO
proteinleri ZO-1 (TJP1), ZO-2 (TJP2) ve ZO-3 (TJP3)
siki baglanti proteini olmak Ulzere U¢ Uyeden olusur
(Gonzéalez-Mariscal ve ark., 2000). Testiste bugline
kadar sadece ZO-1 ve ZO-2 pozitif olarak
tanimlanmistir ve ilk TJ periferik proteini ZO-1'dir
(molekuler agirhigi: 220 kDa) (Lui ve ark., 2003). Tes-
tiste, ZO-1 kan-testis bariyerine ve ayni zamanda
uzamis spermatidleri ¢cevreleyen apikal ektoplazmik
Ozellesmeye lokalize olur. ZO-1 ve ZO-2 ayrica TJ
montaji i¢cin gerekli olan klaudin polimerizasyonunu
da destekler (Mruk ve Cheng, 2015). ZO-2, testisteki
gap junction proteini olan Cx43 ile birlesir. Sertoli
hicreleri arasindaki TJ'lerin yapisinda ve ek olarak,
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Z0-2 ayrica germ hcreleri ve Sertoli hicreleri
arasindaki yapismada ve germ hicre goécu ve
farkhlasmasi sirasinda baglantilarin yeniden sekillen-
mesinde de rol oynar (Xu ve ark., 2009).

1.3. Baglanti yapisma molekiilii

adhesion molecule, JAM)

(Junction

Baglanti yapisma molekuli (JAM), imminoglobulin
super ailesinin bir Gyesi olan bir proteindir ve |6kosit-
ler, trombositler, epitel ve endotel hiicreleri gibi gesitli
dokularda ifade edilir (Ebnet, 2017). JAM, TJ'lerde
tanimlanan Uglincu tip TJ-integral membran proteini-
dir. Hem epitel hem de endotel hiicreleri arasindaki
sinira lokalize olur. Ailenin birgok Uyesi hiicre polari-
tesine, endotel gecirgenligine ve |6kositlerin gégine
aracilik eder (Garrido-Urbani ve ark., 2014). JAM
ailesinin birkag Uyesi, ZO-1, klaudin ve afadin gibi
proteinlerle etkilesime girerek hiicre-hiicre temasinin
olgunlagmasini ve TJ'ler ile yapisma baglantilari
(Adherens Junction, AJ) gibi baglanti komplekslerinin
olusumunu diizenler (Hartmann ve ark., 2020).

Bugiine kadar JAM-A (-1), -B (-2), -C (-3) ve -L (-4)
olarak adlandirilan dért JAM molekili tanimlanmistir
(Wang ve Liu, 2022). Genel olarak JAM, spermatogo-
nia-spermatogonia, spermatogonia-Sertoli hicreleri
ve Sertoli hucreleri-Sertoli hiicreleri arasindaki homo-
filik hucre yapismasina katilir. JAM-A prostat, semi-
nal vezikll ve epididimisin her u¢ boélgesinde de bulu-
nur. JAM-A hem Sertoli hem de bazi bazal germ hiic-
relerinde (GC), o6zellikle Sertoli hiicreleri arasi bag-
lantilarda ve kemirgenlerin epididimisi icindeki uzun
spermatidlerin kuyruklarinda bulunur; luminal sividaki
epididimozomlarda salgilanir ve in vitro olarak sperm-
lere iletilir (Wu ve ark., 2017). Premayotik germ hic-
relerinde eksprese edilen JAM-A, BTB boyunca germ
hicresi gécunu kolaylastirir ve daha sonra adluminal
kompartmanda yerlesik cogu GC'de kaybolur (Wang
ve Liu, 2022). Sertoli hiicresi siki baglanti noktasi in
vitro olarak bozuldugunda, BTB ile iliskili proteinler
JAM-A hiicre-hlicre araylziinden kaybolur (Yan ve
ark., 2007). Memeli testisinde JAM-B, Sertoli hiicrele-
ri ile Sertoli ve germ hicreleri arasindaki apikal ek-
toplazmik 6zellesmeler arasindaki BTB’de bulunur ve
gelismekte olan germ hucrelerinin kan-testis bariye-
rinden gegisini ve olgun spermatidlerin zamaninda
salinmasini tesvik eder. Ozetle JAM-A ve JAM-B
BTB'nin polaritesine katkida bulunur (Wang ve Liu,
2022).

JAM-C germ hicre aktivitelerini module eden 6nemli
bir proteindir. JAM-C, germ/Sertoli hiicre temaslarina
lokalize olur; akrozom olusumuna ve germ hicre
polaritesine, 6zellikle de yuvarlak spermatidlere kati-
hr. liging bir sekilde, JAM-C fare testislerinde yerlesi-
mi BTB yerine apikal ektoplazmik 6zellesme (ES) ile
sinirlidir. JAM-C eksikligi olan erkekler yaklasik %50
daha kigUk testislere sahiptirler ve kisirdirlar. Farkli-
lasmis uzun spermatidlerden yoksundurlar ve olgun
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sperm hicreleri Uretemezler. Dolayisiyla JAM-C
spermatidlerin  gelisiminin  birincil duzenleyicisidir
(Pellegrini ve ark., 2011). Sertoli hiicreleri icinde JAM
-C, hem yuvarlak hem de uzun spermatidlerin polari-
tesini etkilemek icin JAM-B ile etkilesime girer
(Rehder ve ark., 2006). Calismalar ayrica JAM-C'nin
inaktivasyonunun erkek germ hicre gelisimini ve
proliferasyonunu bloke ederek fertiliteyi dnemli dlgu-
de engelledigini gostermistir (Ebnet, 2017).

Diger bir Gye olan JAM-L (JAM-4) proteini gonositler,
spermatogonyumlar ve Sertoli hiicrelerinde lokalize-
dir ve BTB olusumu sirasinda testiste bir siki baglanti
proteini yerine bir hiicre yapisma molekili olarak
islev gorir (Nagamatsu ve ark., 2006).

Tutundurucu Baglantilar

Tutundurucu veya baglayici baglantilar Sertoli hiicre-
leri, Sertoli ve germ huicreleri ve germ hiicreleri ara-
sinda bulunan baglantilardir. Seminifer epitelde testi-
se 6zgu iki tur tutundurucu veya baglayici baglanti
bulunur: Bunlar; Desmozom-benzeri baglantilar ve
Ektoplazmik 6zellesmeler (ES)dir (Kopera ve ark.,
2010).

1. Desmozom-benzeri baglantilar

Desmozomlar, hiicre-hlicre temasina ve yapismasina
aracilik eden 6zellegmis ve oldukga duzenli membran
alanlaridir. Desmozomlar hem hiicre-hiicre adezyo-
nuna hem de hucre iskeleti baglantilarina aracihk
ederek, hicreleri dokulara mekanik olarak entegre
eder ve bdylece mekanik strese direnme islevi gorir.
Son cgalismalarda, hilicre yapismasi disinda hiicre
proliferasyonu, farklilasma, gé¢ ve morfogenez ile
ilgili sinyal yolaklarini organize etmede ve dizenle-
mede O&nemli islev goérdugu ifade edilmektedir
(Kopera ve ark., 2010).

Desmozomal proteinler l¢ ana gen ailesi tarafindan
kodlanir: Desmozomal kaderinler, Armadillo (Arm)
ailesi proteinleri ve plakin ailesi (Kowalczyk ve Green,
2013).

i. Desmozomal kaderinler: Desmogleinler ve
desmokollinler olarak adlandirilan iki alt tipten olugsan
desmozomal kaderinler, kalsiyuma bagli hlcre-hicre
adezyonuna aracilik eden kaderin super ailesinin bir
alt ailesidirler. insanlarda dért gen desmogleinleri
(Dsg1-4) ve U¢ gen desmokollinleri (Dsc1-3) kodlar.
Desmozomal kaderin genleri dokuya ve farklilagsmaya
0zgl bir sekilde ifade edilirler (Saito ve ark., 2012).

ii. Armadillo (Arm) ailesi proteinleri: Armadillo
(Arm) ailesi proteinleri, doku bitunlugi ve hiicre sin-
yalizasyonunda O6nemli roller oynayan ve kaderinleri
cesitli hiicre iskeleti filamentlerine baglamada ve bag-
lanti diizenegini diizenlemede gorevli olan proteinler-
dir. Armadillo ailesi, armadillo alani olarak adlandiri-
lan 42 amino asitlik tekrarlanan bir motifin varligiyla

Narin LIMAN

tanimlanir. Desmozomlarda iki tip armadillo proteini
bulunur. Plakoglobin ve B-katenin bu gen ailesinin
orijinal kurucu Uyeleri arasindadir ve her iki protein de
dogrudan kaderinlerin sitoplazmik alanina (domain)
baglanir (Kowalczyk ve ark., 1999; Hatzfeld, 2007).
Desmozomlar ayrica Armadillo alt ailesinin Ulyeleri
olan p120 catenin (p120ctn), p0071 (plakofilin-4
olarak da bilinir), Velo-kardiyo-fasiyal sendromda
silinmis Armadillo tekrar proteini (Armadillo repeat
protein deleted in velo-cardio-facial syndrome,
ARVCF), delta-katenin (d-catenin) ve plakofilinler 1-
3'0 (PKP1-3) icerir (Hatzfeld, 2007).

iii. Plakin ailesi: Desmozomal proteinleri kodlayan
Uclincl buylk gen ailesi plakin ailesidir (Sonnenberg
ve Liem, 2007). Uyeleri arasinda bulunan desmopla-
kin, intermediyer (ara) filamentleri desmozomal plaga
baglayan zorunlu bir desmozomal proteindir. Des-
moplakin’in amino-terminusu, dogrudan plakoglobin
ve plakofilinlere baglanir (Kowalczyk ve ark., 1999).

Testiste desmozomlar ilk olarak Lonnie Russell
(1977) tarafindan incelenmis ve bu ara filament bazli
yapllar 'desmozom benzeri' (alternatif olarak
'‘desmozom-gap' olarak da ifade edilmistir) olarak
tanimlanmistir. Cunkd ultrastriiktirel olarak deride
veya kalpte bulunan siki ve Ca®*-bagimsiz (yani asiri
yapiskan-hiper-adeziv) desmozomlara benzemedikle-
ri gérdlmustur. Bugln, BTB'deki Sertoli hiicreleri ara-
sinda ve Sertoli hiicreleri ile gelisimin 8. basamagin-
daki uzayan spermatidlere kadar (ancak bunlar dahil
degil) tim germ hcreleri arasinda bulunan desmo-
zom benzeri baglantilarin, diger organlardaki desmo-
zomlarin yapisina katilan proteinlerin gogunu (6rn.
desmogleinler, desmokollinler, plakoglobin, plakofilin-
ler ve desmoplakinler) icerdidi bilinmektedir (Lie ve
ark., 2010). Testiste, BTB'nin yanisira, Sertoli hiicresi
-spermatid veya  Sertoli  hicresi-spermatosit/
spermatogonyum arayiiziinde desmozomlar buluna-
bilir (Cheng ve ark., 2011). Bununla birlikte Domke ve
ark. (2014) insan, sigir, domuz, sigan ve farenin se-
minifer epitelinin desmozom veya "desmozom benze-
ri* baglantilar ya da desmozoma 6zgl kaderinlerden,
yani desmoglein ve desmokollinlerden herhangi biri-
ne veya desmozoma 6zgu sitoplazmik plak proteinle-
rinden, yani desmoplakin veya plakofilin (Pkp) 1-3'ten
birine de sahip olmadiklarini gostermislerdir. Dolayi-
siyla BTB’de desmozom benzeri proteinlerin varligi
hala tartismali bir konudur.

2. Adherens junction (Ektoplazmik 6zellesmeler)

Ektoplazmik 6zellegsmeler (ES), testiste iki farkli bol-
gede bulunan aktin bazli baglanti noktalaridir. Ilk
yerlesim yeri, seminifer epitelde postmayotik sperma-
tidler ile Sertoli hlcreleri arasidir. Uzayan ve uzamis
spermatidlerin basinin tamamini gevreleyen bu ES
tipi apikal ES olarak da bilinir (Mruk ve ark., 2008).
Apikal ES, Sertoli hiicreleri ile kemiricilerde sperma-
tidler arasinda bulunan, hlicre-hlicre aktin bazl testi-
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se 6zgu atipik adherens baglanti noktasi olarak ta-
nimlanir. Apikal ES, ES'nin seminifer epiteldeki tek ve
en glgli baglayici baglanti noktasidir. Clinkli daha
erken evredeki spermatidler ile Sertoli hiicreleri ara-
sinda bulunan desmozom-gap baglantilarinin timu
kaybolurken (Wolski ve ark., 2005), apikal ES semini-
fer epitel dongusu boyunca mevcuttur ve ilk olarak
Sertoli hucreleri ve yuvarlak spermatidler arasinda
sigan testisinde VII. evrenin sonlarinda ve VIII. evre-
nin baslarinda gorilir. Seminifer epitelde varligini
sUrdirir ve tubulobulbar kompleksin (TBC) ortaya
ctkmasindan o6nce farede 19. asamaya kadar olan
spermatidlerle iliski kurar (Vogl ve ark., 2000).
TBC'ler sperm salinimindan (spermiyasyon) hemen
ortaya g¢ikan ve Sertoli hiicreleri ile uzamis geg sper-
matidler arasinda bulunan 6zel yapilardir. TBC'ler
uzamis ge¢ spermatidlerin sitoplazmik evaginasyon-
laridir. Bunlar Sertoli hicre sitoplazmasina nuifuz
ederler ve hem tibuller hem de ampul benzeri kisim-
lardan olugurlar. Tibdler kismler aktin filamanlari ile,
ampul kisimlari ise granillsuz endoplazmik retikulum
kesecikleri ile kusatiimistir. Bu TBC'lerin gevresinde
¢ok sayida ¢ift membranli vezikul mevcuttur. Siganda
seminifer epitel donglsunin VII. evresinin basinda,
spermatidler Sertoli hulcresinin derin girintilerinden
seminifer epitelin lumenine dogru hareket ederken
cok sayida olusurlar. TBC'ler sigan, keseli sigan, tarla
faresi, kobay, fare, hamster, tavsan, kopek, kog, may-
mun ve insan olmak Uzere on memeli turinun testis-
lerinde incelenmis olup ve spermatid basina 24 kadar
TBC’nin olustugu tespit edilmistir (Upadhyay ve ark.,
2012).

ES'nin ikinci tipinin yerlesim yeri BTB'deki komsu
Sertoli hiicreleri arasinda olup bu baglanti bazal ES
olarak bilinir (Cheng ve Mruk, 2010). Tek basina var
olan apikal ES'nin aksine, bazal ES siki baglantilar,
desmozomlar ve gap junction’lar ile bir aradadir ve
BTB’nin immunolojik bariyer islevine katkida bulunur
(Mruk ve ark., 2008).

Ultrastriktlrel olarak ES’ler, Sertoli hiicrelerinin en-
doplazmik retikulum sisternalari ile plazma membrani
arasina yerlesmis aktin filamani demetlerinin varligiy-
la karakterizedir (Vogl ve ark., 2000). Bazal ES'de
endoplazmik retikulum sisternalari ile plazma memb-
rani arasina sikismis aktin filament demetleri komsu
her iki Sertoli hiicresinde de bulunur, yani bazal ES
iki dizi aktin filament demetinden olusur. Apikal ES,
Sertoli hilcresi plazma membrani ile endoplazmik
retikulum sisternalari arasina sikismis, uzayan/
uzamis spermatidlerin neredeyse tim bas bdlgesini
cevreleyen, altigen olarak paketlenmis aktin filament
demetlerinden olusur (Wong ve ark., 2008). Bitisik
uzayan/uzamig spermatidlerdeki integral membran
baglanti molekilleri hakkinda ¢ok az sey bilinmekte-
dir. Bununla birlikte, son ¢alismalar nektin-2, nektin-3,
N-cadherin, laminin y3, zyxin ve digerlerinin apikal
ES bélgesinde bulundugunu ve uzayan/uzamis sper-
matidlerle iliskili oldugunu gdsterilmistir (Lee ve ark.,
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2003; Siu ve Cheng, 2004). Bu ultrastrikturel 6zellik-
ler ES'ye ve testise 6zgldir; yani, memeli vicudun-
daki herhangi bir organdaki bagka bir hicre tipinde
tespit edilemezler. Her iki ES'nin birincil iglevi germ
hicresi hareketini kolaylastirmaktir; buna ek olarak
germ hicrelerini, ¢zellikle de spermatidleri spermi-
yasyon gerceklesene kadar epitelde tutma islevi de
bulunmaktadir (Vogl ve ark., 2000; Toyama ve ark.,
2003).

iiging bir sekilde, ES ayni zamanda TJ’lar, gap junc-
tion’lar, desmozomlar, hemidesmozomlar ve diger
epitellerdeki fokal baglantilarda bulunan proteinlerden
olusur, bu da ES'yi hibrit bir kavsak haline getirir (Yan
ve ark., 2007; Wong ve ark., 2008). Ayrica, apikal ve
bazal ES ultrastriktirel olarak ayni olsa da apikal
ES'de bulunan proteinlerden B1-integrin ve laminin
a3, B3, y3 bazal ES'de tespit edilmezken, bazi prote-
inler (6rnegin N-cadherin) her iki bélgede de bulunur
(Johnson ve Boekelheide, 2002; Lee ve ark., 2003;
Siu ve Cheng, 2004; Yan ve Cheng, 2006).

Gelisen germ hicreleri, memelilerin testislerindeki
seminifer epitel donglsi boyunca, dezmozom benze-
ri baglantilar ve apikal ektoplazmik 6zellesmeler (ES)
yoluyla Sertoli hiicrelerine yapisir ve bu hiicreler ara-
sindaki yapisma herhangi bir sekilde tehlikeye girer-
se, germ hucreleri seminifer epitelden erken ayrilir ve
kisirlik meydana gelebilir. Apikal ES’nin, Sertoli hic-
releri ile uzamig spermatidler arasinda bulunan ve
spermatid hareketinde (yani spermiasyon) énemli rol
oynadigi 6ne slrilen benzersiz bir baglanti noktasi
oldugu ifade edilmistir. Bazal ES'nin de BTB buttinli-
glne katkida bulunduguna inanilsa da BTB’nin ayni
zamanda TJ'lerden ve dezmozom benzeri baglanti-
lardan olusmasindan dolayr bunu nasil basardigi
heniz bilinmemektedir (Kopera ve ark., 2010).

Ektoplazma dinamikleri arasinda yer alan protein
komplekslerinin hiicre yapismasini kolaylastirmaya
ek olarak, hucrelerin endotel boyunca gdginde de
islev gordigl ifade edilmektedir. Bu protein komp-
leksleri sunlardir:

a) Multiprotein kompleksleri: Bugline kadar ES'de
kaderin/katenin, nektin/afadin/ponsin, integrin/laminin
ve JAM-PAR/CAR multi-protein kompleksleri olmak
Uzere dort coklu protein kompleksi bulunmustur Ka-
derin/katenin ve nektin/afadin komplekslerinin her
ikisi de apikal ve bazal ES bdlgelerinde tespit edilir-
ken, integrin/laminin kompleksi ¢ogunlukla apikal ES
bélgesiyle sinirlidir (Cheng ve Mruk, 2002; Takai ve
Nakanishi, 2003).

(i) Kaderin-katenin multi-protein kompleksi: Bu komp-
leks, epitel ve endotel hiicrelerinde en ¢ok incelenen
aktin bazli yapigsma birimidir. Testis'te bir dizi farkl
kaderin tanimlanmigtir ve bu durum gecmiste tartis-
mali bir konu olmasina ragmen, N-Cadherin'in apikal
ES'de bulundugu artik iyi bilinmektedir (Kopera ve
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ark., 2010).

(i) integrin-laminin multi-protein kompleksi: integrin-
ler, lamininler gibi ligandlara baglanarak hicre-hucre
ve hiicre-matriks yapigsmasina aracilik eden ve trans-
membran heterodimerlerinden olusan hicre ylzeyi
reseptorleridir. Yapisma roliine ek olarak integrinler
hicrelerle dis ortam arasinda 6énemli sinyal dénisti-
riclleridir. Memeli testisinin seminifer epitelindeki
integrin/laminin  kompleksi, Sertoli hicresi-uzamig
spermatid araylziindeki apikal ES’de ve Sertoli hiicre
-hiicre membranindaki hemidesmozom arayuziinde
olmak Uzere iki yapisma bdlgesine yerlesir. Son ca-
lismalar, integrinlerin ve lamininlerin apikal ES, hemi-
desmozom ve BTB arasindaki baglantiya aracilik
ettigini ve bariyerin yeniden yapilandirmasini kolay-
lastirmak icin lokal bir otokrin eksen olusturdugunu
gostermektedir (Lie ve ark., 2013).

(iii) Nektin-afadin multi-protein kompleksi: Sertoli hlic-
resi-spermatid baglantilarinin nektin-2 ve afadinden
olusan nektin-afadin sistemine bagl oldugu bildiril-
mektedir (Takai ve Nakanishi, 2003).

(iv) JAM-PAR/CAR multi-protein kompleksi: TJ'larin
varligi seminifer epiteldeki BTB ile sinirli olmasina
karsilik, baglanti adezyon molekiili (JAM), Coxsaccie
virus ve adenovirus reseptori (CAR) ve PAR protein-
lerini iceren TJ proteinlerinin apikal ES'de lokalize
oldugu ifade edilmistir. JAM-A ve -B, BTB'deki Sertoli
hicrelerinde ve yuvarlak ve uzun spermatidlerde
bulunurken, JAM-C sadece apikal ES'de Sertoli hiic-
resi-spermatid yapigsmasi ve germ htcre konumlan-
dirma ve polarizasyonda islev gordugu belirtilmistir.
CAR ise hicre yapismasinda rol oynar (Kopera ve
ark., 2010).

b) Hemidesmozom: Hemidesmozom, Sertoli hiicresi
ile bazal membran arasindaki araylzde bulunan in-
termediyer filaman bazl bir hiicre-matriks baglanma
kavsagidir. 2008 yilinda laminin a2 ve B1-integrini
hemidesmozomun iki bilesen proteini olarak tanimla-
yan bir caligma disinda (Yan ve ark., 2008), testisteki
molekuler bilesimi simdiye kadar arastinimamigtir.
Diger epitel dokularindaki TJ’lar hemidesmozomdan
en uzakta bulunurken, seminifer epitelde ise BTB
TJ’lar hemidesmozomun yakininda yer alir; bu da
TJ'larin, bazal ES'nin, desmozomlarin ve GJlarin
BTB butinliginu korumak icin hemidesmozomlarla
etkilesim halinde olabilecegini gdstermektedir. Ayrica
son galismalar hemidesmozomdaki $1-integrin islevi-
nin bozulmasinin TJ bariyer islevini etkileyecegini
gOstermekte ve hemidesmozom ile BTB’nin baglanti
birimleri arasinda fizyolojik bir baglanti oldugunu orta-
ya koymaktadir (Cheng ve ark., 2011).

3. Gegit baglantilar1 (Gap junction, GJ)

Gegcit baglantilan (Gap junction, GJ) iki hlcrenin si-
toplazmasini dogrudan birbirine baglayarak cesitli
metabolitlerin, ikinci habercilerin, iyonlarin, 1 kDa'dan
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kicuk diger molekullerin ve elektriksel uyarilarin di-
flzyonuna izin veren hucre-hiicre kanallaridir (Mruk
ve Cheng, 2015). GJ, her biri “konneksin” adi verilen
6 adet proteinin bir por etrafinda dizilmesiyle olusan
ve “konnekson” olarak adlandirilan iki yarim kanaldan
olugur (Kumar ve Gilula, 1996). Insanlarda ve kemir-
genlerde konneksin 43 (Cx43), konneksin 33 (Cx33)
ve konneksin 26 (Cx26) gibi en az 20 konneksin pro-
teini bulunur (Cheng ve ark., 2011). BTB'de GJ’lar
komsu iki Sertoli hiicresi arasindaki ve Sertoli hiicre-
leri ile germ hucreleri arasindaki hicreler arasi iletisi-
mi dizenler ve spermatogenezde hayati iglevler gorur
(Gerber ve ark., 2016). CX43 testiste belirlenen bir-
ka¢ konneksin tlrl arasinda en bol eksprese edilen
konneksin proteinidir (Mital ve ark., 2011). Cx43 ile
desmozom proteini plakofilin-2'nin, Sertoli-Sertoli
hiicre araytziinde TJ ile iligkili proteinlerin dagilimini
dizenleyerek kan testis bariyeri bltinligind dizen-
lemek icin sinerjistik olarak calistigi ifade edilmistir (Li
ve ark., 2009).

Erkek infgrtilitesinde Oksidatif Stresin Kan-Testis
Bariyeri Uzerine Etkisi

Vicutta antioksidanlar ve reaktif oksijen turleri (ROS)
arasindaki dengesizligin oksidatif strese neden oldu-
gu ve ROS’lerinin erkek infertilitesinde %30-80 ora-
ninda rol oynadig bildiriimistir (Takeshima ve ark.,
2020). Testislerin daha fazla oksijene ihtiyag duyan
hassas bir organ oldugu igin oksidatif strese daha
yatkin oldugu, bununla birlikte testisin sahip oldugu
antioksidan enzim sistemi sayesinde normal sperma-
togenez ve steroidogenezi surdurilebildigi tespit edil-
migtir (Mruk ve ark., 2002; Gram ve ark., 2022). Son
yillarda yapilan ¢alismalar cevredeki toksik maddeler,
kemoterapétik ilaglar, 1s1 ve gesitli hastaliklarin asir
ROS olusumuna neden oldugunu (Agarwal ve ark.,
2003) ve ROS’ lerinin de Sertoli hiicre yapisini ve
islevini bozarak BTB’nin butinliginun bozulmasina
neden oldugunu ortaya koymustur (Yi ve ark., 2018;
Wu ve ark.,, 2019). ROS'un Sertoli hucrelerinde
yaygin apoptoza, ZO-1, 3-katenin ve Cx43 ekspres-
yonunda belirgin azalmaya (Yi ve ark., 2018; Zhang
ve ark., 2020) ve Sertoli hiicrelerinin iglevini bozarak
spermatogoniyal kdk hicrelerin korunmasinda basa-
risiziga neden oldugu bildiriimistir (Zhang ve ark.,
2020). Bu sonuglara dayanarak oksidatif stresi inhibe
ettigi bilinen cesitli antioksidan ilaglarin (6rnegin as-
korbik asit, metformin, fluvastatin gibi) kullaniimasinin
BTB hasarinin hem 6nlenmesi hem de hafifletiimesi
icin potansiyel bir tedavi yéntemi olabilecegi 6ne su-
rilmustir (Gurel ve ark., 2019; Ye ve ark., 2019).

Sonug

Bu derlemede, kan-testis bariyerindeki baglanti
komplekslerinin bilesenleri ile bunlarin testis fonksiyo-
nu ve spermatogenez igin fizyolojik dnemi konusun-
daki son geligmelerden bazilari 6zetlenmistir. Son
yirmi yilda yapilan Sertoli-germ baglantilarini arasti-
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ran galismalar blyuk 6lgtide Sertoli veya germ hiicre-
lerinin salgilama iglevi ve aktivitesine odaklanmistir.
Bu calismalarla seminifer tlblldeki bu hicrelerin
salgilama aktivitelerindeki muteakip degisikliklerin
baslangicta hiicre baglantilari dizeyinde gerceklesti-
gi ortaya konmustur. Yine de testisin seminifer tubul-
lerindeki TJ'larin ve ES gibi AJ'larin biyokimyasal ve
molekuler yapisi ve mimarisi henliz tam anlamiyla
aciklanamamistir. Son guincel galismalarda BTB'nin
spermatogenez sirasinda, gelisen preleptoten ve
leptoten spermatositlerin adluminal bdlgeye gecisi ve
gelismesini tamamlamig spermatidlerin spermiyasyon
sirasinda tubller Iimene salinabilmesi icin agilip
kapandidi ve bu acilip kapanmasinin bir dizi sinyal
yolagi ve molekul tarafindan diizenlendigi ileri sirl-
mustir (Zhou ve Wang, 2022). Bu yoniyle kan testis
bariyerinin fonksiyonunu diizenleyen mekanizmalari
aciklayacak ileri molekuler galismalara gerek vardir.
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Abstract: In this study, the histopathological diagnosis and treatment of an intermuscular lipoma were reported in a
dog. In the clinical inspection, there was a large mass in the caudal of the left femur and that the animal had difficulty in
moving. On palpation, the mass was solid and painful. A decision was made to totally extirpate the mass, which was
suspected to be a tumor. A wide skin incision was made from the caudal part of the left femur; the mass was separated
from the surrounding tissues by blunt dissection and extirpated. Histopathological examination revealed that the mass
was an intermuscular lipoma. In the postoperative period, the patient recovered completely and returned to its normal
life.

Keywords: Dog, histopathology, intermuscular lipoma, mass

Bir Kopekte intermiiskiiler Lipomun Histopatolojik Bulgulari ve Tedavisi: Nadir Bir Vaka

Oz: Bu calismada bir képekte intermuskiiler lipomun histopatolojik tanisi ve uzaklastirilmasi rapor edilmistir. Hastanin
inspeksiyon ile yapilan muayenesinde, sol femurun kaudalinde biyuUk bir kitle oldugu ve hayvanin hareket etmekte
gucluk yasadigi belirlendi. Palpasyonla yapilan muayenede, kitlenin solid yapida oldugu ve hastanin agri duydugu
tespit edildi. Tumor olabileceginden siphelenilen kitlenin total olarak ekstirpe edilmesine karar verildi. Hastanin sol
femurunun kaudal kismindan genis bir deri ensizyon yapildi. Kitleye ulasildiktan sonra, kitle ¢evre dokulardan kuint
diseksiyon ile ayrilarak ekstirpe edildi. Histopatolojik incelemeler sonucunda kitlenin intermuskdler lipom oldugu belir-
lendi. Postoperatif ddonemde yapilan muayenelerde ise, hastanin tamamen iyilestigi ve normal yasamina déndigu belir-
lendi.

Anahtar kelimeler: Histopatoloji, intermuskiler lipom, kitle, kopek

Introduction Infiltrative and intermuscular lipomas are types of
lipomas that are rarely encountered in dogs (Azizi et
al., 2011; Leriquier et al., 2017; Olle et al., 2002). In
infiltrative lipoma cases, the adipose tissue invades
deeply into the muscle and connective tissue, sepa-
rating the muscle fibers and causing atrophy
(Aydogan and Metin, 2013; Azizi et al, 2011;
Leriquier et al., 2017; McChesney et al., 1980). Inter-
muscular lipomas, on the other hand, are subcutane-
ous lipoma variants that are located between the
muscles that do not invade surrounding tissues. Inter-
muscular lipomas occur mostly in the caudal aspect
of the pelvic extremity (especially in the area close to
the semitendinosus and semimembranosus muscles)
in both humans and dogs (Huppes et al.,, 2016;
Leriquier et al., 2017; Pakanati et al., 2019; Trebacz
and Galanty, 2016). The treatment of both intermus-
cular lipomas and infiltrative lipomas is the surgical
extirpation of the masses (Huppes et al., 2016;
McChesney et al., 1980; Sasikala et al., 2020). Com-
plications such as seroma, wound infection and nerve

damage may occur postoperatively (Huppes et al.
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Lipomas are benign tumors of soft tissues of mesen-
chymal origin, usually caused by the differentiation of
mature adipocytes in older and obese dogs (Huppes
et al., 2016; Kim et al., 2015; Leriquier et al., 2017;
O’Neill et al., 2018; Sasikala et al., 2020; Veena et
al., 2013). Lipomas affect approximately 16% of dogs
(Huppes et al., 2016; Sasikala et al., 2020) and fe-
male dogs are more prone to lipoma development
(Aydogan and Metin, 2013; Huppes et al., 2016; Julie
et al., 2013; O'Neill et al., 2018; Veena et al., 2013;
Vigneshwaran et al., 2020). Doberman Pinscher and
Labrador Retriever are the most common dog breeds
with lipoma cases (Gough et al., 2018). Lipomas are
classified according to their histological features as
lipoma, fibrolipoma, angiolipoma, myolipoma, pleo-
morphic lipoma and spindle cell lipoma (Kim et al.,
2015; Sasikala et al., 2020). Size of lipomas can vary
between 1-30 cm (Veena et al., 2013; Vigneshwaran
et al., 2020).
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In this case report, we aimed to contribute to the liter-
ature by discussing the histopathological diagnosis
and treatment of intermuscular lipoma encountered in
the left hind leg (between the semimembranosus and
semitendinosus muscles) of a 7-year-old English
Cocker Spaniel dog. The fact that it is the first case
report in Turkey about intermuscular lipomas, which
is rarely encountered in dogs, shows the importance
of the study.

Case Description

In this case report, a 7-year-old female English Cock-
er Spaniel dog brought to Firat University Animal
Hospital with the complaint of a large mass in her left
hind leg is discussed.

The animal owner stated that the dog had a large
mass on the left hind leg for about two months and
had been limping while walking. In clinical examina-
tion, a large mass was detected caudal to the left
femur of the dog (Figure 1). On palpation the mass
was painful and was solid in structure with clear bor-
ders. Since the mass was thought to be a tumor, a
decision was made for total extirpation.

The wide area from the proximal of the left femur to
the middle of the tibia was prepared for the operation.

Figure 1. View of the solid mass (yellow star) and its
borders (blue arrows) encountered in the caudal part
of the femur.
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In order to provide analgesia before the operation,
0.5 mg/kg meloxicam (Bavet Meloksikam, 5 mg/ml,
Bavet, Turkey) was administered subcutaneously to
the dog. Ten minutes after the patient was given 1
mg/kg xylazine hydrochloride (Xylazinbio 2%, 23.32
mg/ml, Bioveta, Czech Republic) intramuscularly,
inhalation anesthesia was administered using isoflu-
rane with the help of a mask. After the patient was
anesthetized, a wide skin incision was made from the
caudal part of the femur. After the incision was made,
it was observed that there was a mass resembling
adipose tissue with clear borders on the semitendi-
nosus and semimembranosus muscles. With blunt
dissections, the mass was carefully separated from
the surrounding tissues and totally extirpated (Figure
2a). The subcutaneous connective tissue and skin
were then sutured according to routine surgical pro-
cedures. The extirpated mass (Figure 2b) was sent to
Firat University Veterinary Faculty Pathology Depart-
ment Laboratory for examination. Postoperatively,
penicillin at a dose of 20,000 1U/kg (lecilline, 400,000
IU, IE Ulagay, istanbul) was administered intramus-
cularly for one week. In addition, 0.2 mg/kg meloxi-
cam (Bavet Meloxicam, 5 mg/ml, Bavet ilag San. Ltd.,
istanbul) was administered subcutaneously once
every three days for one week. The dog returned to
its normal life in a short time postoperatively (Figure
3a, 3b).

Biopsy specimens were fixed in a 10% solution of

Figure 2. Total extirpation of the mass (a) and the
extirpated mass (b).

Figure 3. The appearance of the dog (a) and the
operation wound (b) on the 15" postoperative day.



Erciyes Univ Vet Fak Derg 2023; 20(2): 152-155

neutral formalin solution before being routinely pro-
cessed and stained with hematoxylin and eosin
(H&E) for light microscopic examination (Luna, 1968).
The mass was sharply circumscribed, but not encap-
sulated. The neoplasm consisted of well-
differentiated lipocytes that had infiltrated and re-
placed muscle and collagen fibers. Most of the adipo-
cytes showed necrotic changes. Tumor cells de-
stroyed and replaced the muscle cells and connective
tissues. Atrophic muscle tissue remnants were found
only in the surgical margins (Figure 4a, 4b). As a
result, the mass was diagnosed as infiltrative inter-
muscular lipoma.

Discussion and Conclusion

Figure 4.The lipocytes (arrowheads) invading the
muscle cells (arrows). The muscle cells were atrophic
and lipocytes were mostly necrotic (a,b). Hematoxylin
-eosin staining.

Intermuscular lipomas are lipoma variants that are
less common than simple lipomas and whose biologi-
cal significance is unknown (Azizi et al., 2011; Olle et
al., 2002). Lipoma cases are mostly seen in old and
obese dogs (Huppes et al., 2016; Leriquier et al.,
2017; O’'Neill et al., 2018; Sasikala et al., 2020;
Vigneshwaran et al.,, 2020). Huppes et al. (2016)
reported that all five dogs in which they detected in-
termuscular lipoma were older than six years of age.
In the same study, the majority of dogs were heavy
and obese according to their breed characteristics.
Kazemi and Neshat-Gharamaleki, (2021) reported
that a dog with an intermuscular lipoma on the right
hind leg was 10.5 years old. In our study, the dog
with the intermuscular lipoma on the left hind leg was
a 7-year-old geriatric dog.

Lipoma cases are more common in female dogs
compared to male dogs (Huppes et al., 2016; Julie et
al., 2013; O'Neill et al.,, 2018; Veena et al., 2013;
Vigneshwaran et al., 2020). Although studies on
breed predisposition are insufficient, some studies
have reported that lipomas are more common in
Doberman Pinscher and Labrador Retriever dogs
(Gough et al., 2018; O’'Neill et al., 2018). In the study
of Huppes et al. (2016) three of the five dogs with
intermuscular lipoma were female. Two of the dogs in
the same study were reported to be Labrador Re-
trievers. Kazemi and Neshat-Gharamaleki, (2021)
reported that the dog they detected an intermuscular
lipoma on the right hind leg was a female Shih Tzu
Terrier breed. In our study, the dog with an intermus-
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cular lipoma on the left hind leg was a female English
Cocker Spaniel dog.

Intermuscular lipomas are mostly detected in the
chest, neck, gluteal muscles and proximal hind legs
(especially between the semitendinosus and semi-
membranosus muscles) (Azizi et al., 2011; Huppes et
al., 2016; Kazemi and Neshat-Gharamaleki, 2021;
Leriquier et al., 2017; Trebacz and Galanty, 2016).
Huppes et al. (2016) reported that the masses were
seen in the hind legs in four of the five dogs in which
they detected intermuscular lipoma. In many studies
the masses were detected between the semitendi-
nosus and semimembranosus muscles (Huppes et
al., 2016; Kazemi and Neshat-Gharamaleki, 2021;
Trebacz and Galanty, 2016) similar to our study.

The most important and effective treatment method
for all lipomas, especially intermuscular lipomas, is
the surgical removal of the masses (Huppes et al.,
2016; McChesney et al., 1980; Sasikala et al., 2020).
In many studies it has been reported that lipomas do
not recur after surgical removal and patients return to
their normal lives in a short time (Huppes et al., 2016;
Vigneshwaran et al., 2020). In this study, the inter-
muscular lipoma mass extirpated from the left hind
leg of a 7-year-old dog did not recur. The most com-
mon complications after surgical removal of intermus-
cular lipomas are seroma, wound infections and
nerve damage (Huppes et al., 2016). In our case, no
complications occurred in the postoperative period
and the patient returned to its normal life shortly.

The gold standard for the definitive diagnosis of inter-
muscular lipomas is histopathology (Azizi et al., 2011;
Kazemi and Neshat-Gharamaleki, 2021). Sasikala et
al. (2020), in their study in which they extracted a
giant lipoma mass from the prescapular region of a 9-
year-old dog, reported that the adipocytes had histo-
pathologically clear borders and the nuclei were lo-
cated eccentrically. Veena et al. (2013) also reported
that in the histopathological examination of the lipo-
ma they detected in the neck of a dog, the cell nuclei
were eccentrically located and there were multiple
vacuoles in the cytoplasm. In our study, the histo-
pathological examination of the extirpated mass re-
vealed, well-differentiated necrotic adipocytes. Tumor
cells infiltrated the muscle and connective tissue only
within the tumor borders, and atrophic muscle tissue
residues were found in these regions.

As a result, as reported in many studies, the case of
intermuscular lipoma, which was the subject of this
study, was encountered in an obese, geriatric and
female dog. Intermuscular lipoma, which was report-
ed to be found in different dog breeds in many stud-
ies, was encountered in this study in a dog breed that
was rarely reported before. Intermuscular lipoma was
encountered caudal to the pelvic extremity in this
study, as in most cases reported in human and veter-
inary medicine. Apart from these, this study is also
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very important in terms of bringing a case of inter-
muscular lipoma, which is very rare in dogs, to the
literature for the first time in Turkey.
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should be placed below the tables.
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Each picture, graphic and drawing; should be given as figure and
should be written as Figure 1. Each one should be on a separate
page. Descriptive information and explanations should be placed
below the figures. Pictures should be the least 300dpi resolution.
References should be specified in the text at the end of the
sentence. Author surnames and the date of publication should be
specified in parentheses. If the reference has two names, the
names should be given after the publication year (eg, Kaldhone
and Nayak, 2008). If the reference has more than two names
should be given as “et al.,” (eg, Kaldhone et al., 2008). If the
source is used at the beginning of the sentence, the year of
publication should be specified in parentheses after the names of
the authors.

References should be placed in alphabetical order and hanging 0.5
cm inwards in the references section. Punctuation should be taken
into consideration as shown in the examples, Journal abbreviations
must be in line with Index Medicus. The reference list must not
contain more than 30, 45, and 15 references for original
research articles, reviews and case reports, respectively.
References;

. If the reference is a periodical, citation must be done as shown

below;

Example: Kaldhone P, Nayak R, Lynne AM, Dvaid DE, McDermott
PF, Logue CM, Foley SL. Characterisation of Salmonella enterica
serovar Heidelberg from turkey-associated sources. Appl Environ
Microbiol 2008; 74(16): 5038-46.

If the reference is from chapter of a book with an editor, citation
must be done as shown below;

Example: Hornbeck P. Assay for antibody production. Colign JE.
Kruisbeek AM. Marguiles DH. eds. In: Current Protocols in
Immunology. New York: Greene Publishing Associates, 1991;
pp. 105-32.

If the reference is a book, citation must be done as shown below;
Example: Fleiss JL. Statistical Methods for Rates and Proportions.
Second Edition. New York: John Wiley and Sons,1981; p.103.

If the reference is whole book with an editor, citation must be as
below;

Example: Balows A, Mousier WJ, Herramafl KL, eds. Manual
of Clinical Microbiology. Fifth Edition. Washington DC: IRL
Press, 1990; p. 37.

If the reference is from meeting, citation must be done as shown
below;

Example: Entrala E, Mascarp C. New structural findings in
Cryptosporidium  parvum  oocysts. Eighth International
Congress of Parasitology (ICOPA VIII). October, 10-14, 1994;
izmir-Tirkiye.

If the reference is from a thesis, citation must be done as shown
below;

Example: Erakinci G. Investigation of Antibodies Against Parasites
in Blood Donors. PhD Thesis. Ege Univ. Institute of Health
Sciences. Parasitology Program, I1zmir-Turkey, 1993.

The reference is a website on the internet, citation must be done
as shown below; _

Example: TUIK. Hayvancilik Istatistikleri. http://www.tuik.gov.tr/
hayvancilik.app/hayvancilik.zul; Accessed Date: 14.03.2010.

Once the studies one published in the journal, all the responsibility
belongs to the authors.

The final checklist should be followed when submitting
manuscripts and the “Copyright Release Form” must be signed by
all authors in order. Manuscripts which are not prepared in
accordance with the “Instructions for authors” will not be
processed.


file:///C:/Users/a/Local%20Settings/Temporary%20Internet%20Files/Content.IE5/W84TVUH8/ercvet@qmail.com

TELIF HAKKI DEVRI / COPYRIGHT RELEASE

ERCIYES UNIVERSITESI VETERINER FAKULTESIi DERGISi / JOURNAL OF FACULTY OF

VETERINARY MEDICINE, ERCIYES UNIVERSITY

Makale Turd/ Article Type: wiof o] 20..

(...) Arastirma [ Research (...) Derleme [ Review (...) Kisa Bilimsel Calisma / Short Communication

(...) Olgu Sunumu [ Case Report (...) Editore Mektup [ Letter to Editor

Makale Basligi/Article

X 014 =T PPN

Sayin Editér,
Yayinlanmasi dilegiyle Erciyes Universitesi Veteriner Fakiiltesi Dergisi’ne génderdigimiz makalenin yazarlari olarak;

Derginizde yayimlanmak tizere yollamis oldugumuz makalenin orijinal oldugunu; bilimsel ve etik sorumlulugunun bize ait
oldugunu,

2-  Makalenin; daha 6nce yayimlanmadigini, derginizdeki degerlendirme siirecinde baska bir yayin organina yayimlanmak lizere
gonderilmedigini ve génderilmeyecegini,
3-  Makalenin; kisilik ve telif haklarina aykiri kanun disi maddeler icermedigini,
4-  Gerekli goriilen diizeltmelerle birlikte her tiirli yayin hakkini, yazinin yayimlandig) giinden itibaren Erciyes Universitesi
Veteriner Fakdiltesi Dergisi’ne ait oldugunu kabul ve beyan ederiz.
Dear Editor,

Here we affirm and warranty as the Author(s) of this manuscript submitted to Journal of Faculty of Veterinary Medicine, Erciyes
University that;

The manuscript /We submitted to the Bulletin is original and responsibilities belong to us ethically and scientifically,

The manuscript has not been previously published, being considered for publication by any other journal and will not be
submitted to any other journal for such review while under evaluation by this bulletin,

The manuscript contains no unlawful statements and does not contain any materials that violate any personal or proprietary
rights.

The Journal of Faculty of Veterinary Medicine, Erciyes University reserves all rights with due corrections from the date it has
been published onwards.

Yazar/ Yazarlarin Adi
Author’s/Authors’ Printed Name

Imza/Signature:..........coeeen.

mza/Signature:..........cceee

Jmza/Signature:.........cceeene

Jmza/Signature:..........cc.o.e.

mza/Signature:........cccccoeen

Not/Note: Formu asagidaki adrese,e-mail ya da posta yolu ile génderiniz veya elden teslim ediniz./ Please send this form to the address
below by e-mail, post or deliver personally.

Erciyes Universitesi Veteriner Fakiiltesi Dergisi / Journal of Faculty of Veterinary Medicine, Erciyes University

Erciyes Universitesi Veteriner Fakiiltesi Dergisi Editorliigii, 38039, Melikgazi-KAYSERI / TURKIYE
Tel/Phone: 0352 339 94 84 Faks/Fax: 0352 337 27 40  e-posta/e-mail: ercvet@gmail.com




|

O O0Oo0ooaoO

O o0ooao

Oo0oo0oooooooooooao

SON KONTROL LISTESI

Makalenizi géndermeden 6nce litfen bu bélimdeki maddelerle karsilastirma yapiniz ve eksiklikleri

gideriniz.

Eksiksiz doldurulmus ve butlin yazarlarca imzalanmis “Telif Hakki Devri Formu”
(http://ercvet.gmail.com adresinden ulasabilirsiniz) makale ile birlikte génderildi.

Metnin tamamu ¢ift aralikli (5 mm) yazildi (Ozetler, tablolar, sekil alt yazilari, kaynaklar v.d. dahil).
Her bir kenarda 2,5 cm bosluk birakildi.

Yazilar 10 punto (Arial) ile yazildi.

Satir numaralari verildi.

Kapak sayfasinda, makalenin basligi (sadece yazim dilindeki) koyu (bold) yazildi, kisa baglik
eklendi.

Kapak sayfasinda, yazar isimleri agik olarak yazildi (kisaltma yok).
Kapak sayfasina dipnot (varsa) eklendi.

Turkge baslk yazildi.

Tarkce 6zet yazildi.

Turkge anahtar kelimeler (alfabetik sirali ve ilk kelimenin ilk harfi blyuk digerleri kiigik harfle
yazildi) verildi.

ingilizce baslk yazildi.

ingilizce 6zet yazild.

ingilizce anahtar kelimeler verildi.

Sekillerin orijinal halleri eklendi.

Metin icinde sekiller ardisik numaralandi.

Sekil boyutlar min.=8x20; max.=16x20 cm.
Metin iginde tablolar ardigik numaralandi.
Tablo boyutlari min.=8x20 cm; max.=16x20 cm.
Sekil ve tablolarin metin iginde gelmesi istenilen yer belirtildi.
Sekiller listesi ayri bir sayfa olarak hazirlandi.
Her sekil ayri sayfaya yerlestirildi.

Tablolar listesi ayri bir sayfa olarak hazirlandi.
Her tablo ayri sayfaya yerlestirildi.

Kaynaklar yazim kurallarina uygun yazildi.

Yazisma adresi verildi.
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Copyright Release Form has been enclosed, completed and signed by all authors
(http://ercvet.gmail.com).

Entire paper has been 5 mm double-spaced (abstract, tables, captions/legends, references).
Margins have been 2,5 cm each side.
Font size has been 10 pt (Arial).

Lines have been numbered.

Title of the manuscript has been written bold and short title added on the cover page.
Author(s) names have been fully written (not abbreviated) on the cover page.

Footnote has been given on the cover page (if necessary)

English title has been given.

English summary has been given.

English keywords have been given alphabetically.

Turkish title has been given.

Turkish summary has been given.

Turkish keywords have been given alphabetically.

Orijinal figures have been enclosed.

Orijinal figures have been prepared correctly according to instructions.
Figures have been referred to consecutively in the paper.

Dimensions of figures have been min =8x20 cm; max.=16x20 cm.
Tables have been referred to consecutively in the paper.

Dimensions of tables have been min =8x20 cm; max.=16x20 cm.
Figures and tables have been stated requiring put on the manuscript.
Names of figures have been given on a separate page as figure list.
Each figure has been given on a separate page.

Names of tables have been given in a separate page as table list.
Each table has been given on a separate page.

References has been typed according to instructions.

Corresponding address has been given.
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