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ABSTRACT

The current study evaluated certain emerging contaminants in the Susurluk sub-basin, an area under significant
anthropogenic pollution pressure. Polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs),
organochlorine insecticides, and microplastics were investigated both from surface and sediment samples collected in
dry and wet seasons. y-HCH and 8-HCH were detected in the dry season from Kocagay River reaching the Marmara
Sea. Dieldrin concentrations were also very high in river sediments during the dry season. Niliifer Stream is a significant
waterway close to industrial and urban areas and under impact of pollution due to high concentrations of PCBs, DDT,
and its” metabolites. Sediment samples contained higher levels of contaminants: DDT and metabolites were found in
sediments from almost all stations. According to the Hazard quotient coefficient, all detected pollutants were found to
be >1, indicating a high risk in the river system. Fiber was the dominant microplastic. The water quality of Niliifer Stream
was poot/bad in quality both in dry and wet seasons, while Kocacay River was moderate and poot/bad quality in dry
and wet seasons, respectively. The findings of bacterial growth augmented and worsened water quality in the river basin
with coliforms dominating, as assessed at the genus/species level and were very abundant.

Keywords: Aquatic Contaminants, Fecal coliform, Microplastics, POPs, Susurluk Basin, Water quality
Hokk

Tatlisu Ekosisteminde Endige Yaratan Kirleticiler: Tiirkiye’den Bir Vaka Caligmasi

(074

Bu ¢alisma, 6nemli antropojenik kirlilik baskist altindaki bir alan olan Susutluk alt havzasinda ortaya ¢itkan bazt endise
yaratan kitleticiler degerlendirmistir. Kurak ve yagislt mevsimlerde toplanan yiizey ve sediman 6rneklerinde poliklorlu
bifeniller (PCBler), polibromlu bifeniller difenil eterler (PBDEler), organoklorlu insektisitler ve mikroplastikler
arastinlmustir. y-HCH and B-HCH, Kocacay Nehti’nin Marmara Denizi’ne dékilen bélgesinde kurak mevsimde tespit
edilmistir. Dieldrin konsantrasyonlart da kurak mevsim boyunca nehir sedimanlarinda ¢ok yiksektir. Nilifer cay
endustriyel ve kentsel alanlara yakin olan 6nemli bir su yoludur ve yiksek konsantrasyondaki PCBler, DDT ve
metabolitleri nedeniyle kirlilik etkisi altindadir. Sediman Srnekleri daha yliksek seviyede kitletici icermektedir: DDT ve
metabolitleri neredeyse tiim istasyonlardan alinan sediman 6rneklerinde bulunmustur. Tehlike orant katsayisina (Hazard
Quotient) gore tesbit edilen tim kitleticiler >1 olarak bulunmus ve bu da nehir sisteminde yitksek risk oldugunu
gOstermistir. Mikroplastikler icinde fiber en baskin olanidir. Niliifer Cayr’nin su kalitesi hem kurak hem de yagish sezonda
kot iken, Kocacay Nehri’nin su kalitesi kurak mevsimde orta ve yagish mevsimde kotudir. Cins/tur diizeyinde
degerlendirildiginde koliformlarin hakim oldugu ve ¢cok miktarda olan bakteriyel buytiime bulgulari da nehir havzasindaki
su kalitesini kotllestirmistir.

Anahtar Kelimeler: Fekal koliform, Kalict organik kitleticiler, Mikroplastikler, Su kalitesi, Sucul kirleticiler, Susurluk
Havzast
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INTRODUCTION

Since the 1970s, regulation and investigation of
harmful compounds in the surroundings have been
well established; however, emerging contaminants
(ECs) have recently raised concern. ECs are synthetic
or natural pollutants, mainly chemicals or any
microorganism in the surroundings with potentially
known or suspected adverse ecological and health
effects. ECs are found in materials (pharmaceuticals,
personal care products, artificial sweeteners,
plasticizers, surfactants, food additives, disinfection
by-products, fire retardants, fertilizers and petroleum
contaminants, wood preservatives, antifoulants,
laundry detergents, etc.) in almost any household
products and the environment. Their continuous
release in very low quantities and presence in mixtures
(the “cocktail effect”) to the receiving media impact
animal and human health, adversely affect ecosystems
and their services, cause acute and chronic toxicity,
endocrine  disruption  (Tang et al.  2020),
expand/increase vector borne diseases and bacterial
pathogen resistance (Vaz 2018, Chaturvedi et al. 2021,
Kasonga et al. 2021, Vieira et al. 2021). Recently,
microplastics are also considered as one of the risky
ECs in freshwater and marine aquatic ecosystems
(Wagner and Lampert 2018). These pollutants are
cither intentionally or unintentionally discharged into
the freshwater ecosystems causing harmful effects
(Wilkinson et al. 2017) such as the decline in
macroinvertebrate diversity (Mufioz et al. 2009), and
behavioral changes in various aquatic organisms
(Henry and Black 2008). Despite advanced analytical
methods enabling pollutant identification over the past
century, the extensive presence of these contaminants
is yet to be fully understood so that standardized
methods can be elaborated for sustainable mitigation
(Sharma et al. 2009, Gonzalez et al. 2012).
Polychlorinated biphenyls (PCBs), polybrominated
diphenyl ethers (PBDEs), and organochlorine
pesticides (OCPs) are considered Persistent organic
pollutants (POPs). These synthetic anthropogenic
substances are resistant to the degradation in
ecosystems, and eventually are detrimental to human
health (Paumo et al. 2020). PCBs have been widely
used in the construction of insulators, heat-resistant
fluids, machine oils, plastics, paints, flame retardants,
and adhesives. Likewise, OCPs have been used widely
in the past to control pests in agricultural crops and
vector-borne diseases (Milun et al. 2016). The PBDEs
are used in a variety of products, including building
materials, television, domestic utensils, motor vehicle,
airplanes, plastic materials, and textiles for their flame-
retardant properties (Wu et al. 2020). The biological
and chemical degradation of these compounds are
limited and their apolar characteristics enable residual
presence as particulate matter in lipid-rich tissues of
aquatic organisms, water, and sediments. Due to their
bioaccumulation potential

impact on aquatic food commodities and the food
chain raise concern. Furthermore, toxicity concerns
have restricted production and prohibited use since
exposure to organic chlorine compounds cause
harmful effects on health and the surroundings (Gray
2002). However, due to the illegal use of these
substances or their long-term preservation, their
presence in the environment can be seen, albeit rarely.
Worldwide water is recognized as the most important
resource for the persistence of life. Nevertheless,
freshwaters are directly threatened by human actions.
Presently, it is estimated that although industrialization
increases welfare level, it causes an increase in ECs that
cause potential harm to the surroundings and public
health (Naushad 2014, Verhaert et al. 2017). All over
the World, environmental legislation, directives and
watch lists have been documented in order to control
EC contamination in ecosystems (e.g. EPA and EU
guidelines).

However, in contrast to ongoing monitoring efforts in
North America and Europe, there has been limited
monitoring practices in surface waters for emergent
contaminants in Turkey. Furthermore, the studies
regarding the emerging pollutants in river systems
mainly focused on surface water while river sediments
were neglected (Fairbairn et al. 2016, Battaglin et al.
2018). Thus, the aim of the current work is to estimate
the presence of emerging contaminants in a river basin
located in close proximity to a highly populated and
industrialized urban area in Turkey. Considering the
importance of freshwater systems being a small
proportion in the water balance of water, evaluation of
emerging contaminants is extremely vital for the
region.

MATERIAL AND METHODS

Study Area and Sampling

Study area were located in the Susurluk sub-basin, an
alluvial bottomland in Bursa, Turkey (Fig 1). We
selected three stations from Kocacay River which
reach Marmara Sea and two stations from Nilifer
Stream. Both pass through the center of an industrial
and agricultural production region in Bursa. The study
area is densely populated (about 3 million).
Furthermore, Niliifer Stream is heavily impacted by
several sectors such as textile, plastics, automotive and
drains to Kocagay River.

Samplings were done during the dry season (July 2019)
and the rainy season (October 2020). Water samples
for organic contaminants were gathered by stainless
steel water spoon approximately of 50 cm depth and
transferred to 100 mL glass bottles. Sediment samples
were gathered by stainless steel Ekman-Birge grab and
put to 100 mL glass bottles, both were covered by
aluminum foil to avoid light effects and kept cool until
analysis at the laboratory. From the collected water and
sediment samples, we also took subsamples for fecal
coliform analysis of the sites. The microbial samples
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were put into sterilized 500 mL bottles. Microplastics
were sampled with a flowmeter attached to 330 pum
mesh-sized neuston nets (0.25 m high and 0.45 m wide
rectangular). Each sampling was towed from the water
surface and the debris were rinsed into a 1 L glass jars.
Samples for measurement of water quality parameters
(anions and cations) were also collected separately
from the water surface into 1 L polypropylene bottles.
Some physicochemical parameters such as Water
temperature (WTemp), dissolved oxygen (DO),
salinity (Sal), conductivity (EC), total dissolved solids
(TDS), pH, were also measured by YSI multiprobe
(Professional Plus®, Yellow Springs, Ohio, USA) in
situ. The instrument sensors were calibrated before

every sampling according to the manufacturer’s
specifications and recommendations (APHA, 1998).
All samples were transported to the lab in cool chain
before processing.

Laboratory process: Organic Contaminants

Standards and Reagents

The analytical standards and reagents used in the work
and their sources are given in Table 1.

Standard stock solutions (100 pg/ L of each target
analyte in mixture form) or internal standards were
solved in acetonitrile and saved at 4-5°C in dark, until
use. Working standards were prepared fresh.

Table 1. The analytical standards and reagents used in the study and their sources

Standards and Reagents

| Source

Polychlorinated Biphenyls (PCBs)

Indicator PCBs (PCB 28, PCB 52, PCB 101, PCB 138, PCB

153, PCB 180)

Dr Ehrenstorfer Laboratories
(Augsburg, Germany)

PCB 118 (dioxin like PCB)

D+ Ehrenstorfer Laboratories
(Augsburg, Germany)

Polybrominated diphenyl ethers (PBDEy)

PBDE 17, PBDE 47, PBDE 66, PBDE 100, PBDE 153,

PBDE 183, PBDE209
(Mix standard in 74% nonane/26% toluene)

Wellington Laboratories (Guelph,
Canada)

Organochlorine insecticides

Alfa-hexachlorocyclohexane (a-HCH), Beta-
hexachlorocyclohexane (3-HCH), Gamma-

hexachlorocyclohexane (y-HCH, lindan), Hexachlorobenzene

(HCB), Dieldrin, Heptachlor, 4,4"-Dichlorodiphenyl
dichloroethane (4,4-DDD),

4,4"-Dichlorodiphenyldichloroethylene (4,4'- DDE), 4,4

Dichlorodiphenyl trichloroethane (4,4~ DDT), 2,4*-
Dichlorodipheyl trichloroethane (2,4~ DDT)

D+ Ehrenstorfer Laboratories
(Augsburg, Germany).

Internal standards

PCB 30 and PCB 209

Dr Ehrenstorfer Laboratories
(Augsburg, Germany)

2,2",4,4",5,5" hexachlorobiphenyl
(PCB153-labeled 13Cy2)

Cambridge Isotope Laboratories
(Andover, MA, USA)

Reagents

C18, florisil (60-100 mesh), magnesium sulfate, and Bondesil- | Agilent Technologies

Primary Secondary Amine (PSA) (40 um) for solid-phase

extraction (SPE)

(Santa Clara, California USA)

Solutions (in analytical grade)

Acetonitrile, n-hexane, dichloromethane, toluene, and

isooctane

Merck (Darmstadt, Germany).

Certified mono element standard solution

Merck (Darmstadt, Germany).
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Fig 1: StlAde sites

Analysis of persistent organic pollutants
Extraction of water and sediments were carried out
using the method of Kuzukiran et al. (20106). Sediments
were dried at room temperature for 24 h, and water
samples were processed within 24 h after collection.
Water samples were used without further filtration.
Analytical separations were carried out with Gas
chromatography-Mass Spectrometry (GC-MS)
(Thermo Finnigan, San Joe, CA, USA). The extraction
method, working instrumental properties, and method
validation are given in detail in the study by Kuzukiran
et al. (2016).

Laboratory process: Ion chromatography
Analysis

Anions and cations analysis were performed by
Shimadzu LC 20AD system (Shimadzu Scientific
Instruments, Kyoto, Japan) with conductivity detector
(CDD-10A SP). Anions and cations were run through
Shim-pack IC SA3 and Shim-pack IC-SC1 column,
respectively. The mobile phases for anions and cations
were 3.6 mM sodium carbonate and 3.5 mM sulfuric
acid, respectively. A certified mono element standard
solution was used for the accuracy and calibration of
the instrument. For each analyte, LOD and LOQ were
assessed by the signal-to-noise ratio (S/N, 3/10)
(Meng et al. 2008, Roy et al. 2011).

Laboratory process: Fecal coliforms

Water samples (50 mL) were vigorously vortexed and
filtered from 0.45 um pore-sized cellulose membranes
under a vacuum (Rice et al. 2012). In order to identify
the total and fecal coliform bacteria including
Escherichia coli as well as the thermotolerant

Y Sampling points
Main rivers

A Citycenter

©®  District centers

D Provincial border

coliforms, following the filtration process, samples
were put onto chromogenic coliform agar and
chromogenic E. c/i agar, the eosin-methylene-blue
(EMB) agar, R2A agar and mFC agar (MM747B;
Oxoid Australia) to be incubated at 34 + 0.5°C and 44
+ 0.5°C for 24-72 hours. Blue to blue/grey appeatance
with 1-3 mm in diameter, and colonies which could be
flat, raised, or mucoid were defined as thermotolerant
coliforms (including E. /). Later, selected isolates
were subcultured into EC-MUG broth (CM0979;
Oxoid, Australia) using Durham tubes. After
incubation at 44 * 0.5°C for 21 £ 3 h, isolates that
generated gas and turbidity or fluoresced under long-
wave UV light (about 360 nm) were identified as
thermotolerant  coliforms, while isolates that
fluoresced were identified as E. co/.

The same procedures were applied to the one g
weighted sediment samples. Then one ml sterile
distilled water was added to the sediment samples.
After vigorous vortexing, the same filtering procedures
wete carried out. Serial dilutions of 101, 10-2, and 10-3
allowed enumeration of high bacterial counts. Then, a
100 pL sample was poured onto selective agar media
to identify total and fecal coliforms. The filters were
placed onto EMB agar, Lactose-based membrane fecal
coliform (mFC, Merck, Germany) agar, Chromocult
Enterobacter Sakazakii agar, chromogenic E. co/i agar
and incubated at 34 + 0.5°C for 24-48 h and at 44 +
0.5°C for isolation and identification of the
thermotolerant coliforms (Wohlsen 2011). The
growing purple/blue colonies were verified as E. coli
with total number of the purple/blue and pink
colonies defined as thermotolerant coliforms. Further
confirmation  was by  using  conventional
microbiological methods such as triple-sugar-iron
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(TSI), Simmons’s citrate, urea, and indole media
(IMVIC tests). Further on, the selected colonies were
inoculated into EC-MUG broth. The number of E. /i
in water was assessed as colony forming units
(CFU)/100 mL = number of purple colonies/volumes
of filtered sample (100 mL) X dilution factor. Total
coliform bacteria count in water was assessed as
CFU/100 mL = number of all other coliforms except
E. coli colonies/volume of filtered sample (100 mL) X
dilution factor. For unidentified specimens, a single
colony passage was taken, and typing was established
with MALDI-TOF automatic system to identify the E.
coli strains.

Laboratory process: Microplastics

Microplastic (MP) samples were sieved to remove
larger organic and plastic particles. Wet peroxidation
method was followed (Masura et al., 2015) for organic
material removal by applying 0.05 M Fe (II) solution
and 30% hydrogen peroxide to each sample. The
solutions were then heated to 50°C for 30 min and
then vacuum filtered through GF/C Whatman filters

(pore size of 0.45 wm) using stainless steel filter. The
MP samples were classified as fiber, fragment, film,
foam, and microbead under a Carl
Zeiss™Stemi™DV4  Series  Stereo  microscope
following the instructions and protocol of Hidalgo-
Ruz et al. (2012). To identify the chemical composition
of the MPs, Thermo Scientific Nicolet 6700 Fourier
transform  infrared (FT-IR) spectrometer with
Attenuated Total Reflection (ATR) attachment was
used. All spectra were collected within the range from
4000 to 400 cm ™ at a resolution of 4.0 cm!. Evaluation
of FT-IR spectra was performed by comparing
reference spectral library database matches, and
manual interpretation of absorption peaks were
performed to validate polymer type.

Risk assessment

In order to evaluate the risk of studied contaminants
to the water surrounding, hazard quotients (HQs) were
used, calculated by dividing the maximum measured
environmental concentration (MEC) by a predicted
no-effect concentration (PNEC)
(HQs=MEC/PNEC). PNEC values were taken from
Metelkova et al. (2019), Verbruggen and Brand (2015),
Zeng et al. (2018). Three risk levels were classified
according to the HQs: HQ < 0.1, low risk; 0.1 < HQ
< 1, medium risk; and HQ > 1, high risk.

Data analysis

To explore the effects of seasons (dry-wet) and sites
(Nilifer stream-Kocacay River), we performed two-
way analysis of variance (ANOVA) using R (version
4.0.3). If there were statistically significant differences
observed in water quality parameters, Tukey Post-doc
test for pairwise comparisons was conducted.
Interaction plots were used to visualize the results. An
interaction where the lines cross represents

antagonistic interactions while parallel lines indicate
the absence of interaction.

RESULTS AND DISCUSSION

LOD and LOQ values for OCPs, PCBs, and PBDEs
as selected ECs, calculated in water samples were 0.18-
0.27 and 0.55-0.83 pg/L, 0.19-0.23 and 0.58-0.68 pg/L,
0.15-0.28 and 0.44-0.85 ng/L, respectively (Table 2). In
the sediment samples, LOD and LOQ values were
1.55-1.83 and 3.41-6.4 ng/kg, 0.77-2.05 and 2.29-6.16
pg/kg, 1.04-2.10 and 3.11-6.65 pg/kg, respectively
(Table 3). The LOD and LOQ values of anions and
cations are shown in Table 4. The validated method
and appropriate results were attained (European
Commission, 2020).

While no target analytes were found in Niliifer Stream
water, gamma-HCH (lindane) and beta- HCH were
detected in Kocagay River water only in the dry season.
In fact, HCH has been banned in Turkey for almost 40
years. Among HCH isomers, beta-HCH is generally
considered the most durable and relatively resistant to
microbial degradation (Willett et al. 1998). However,
the presence of beta-HCH in this region indicates
present HCH use. In this case, it is thought that HCH
residues may also be present in the sediment samples.
However, in this study, HCH isomers were not found
at the stations where the sediment samples were taken
(Table 5). Sediment samples, on the other hand,
contained more POPs. DDT and its metabolites were
detected in the sediments taken from almost all
stations. While dieldrin was detected in very high
concentrations in Kocacay River sediments during the
dry period, it was detected only in one station in
Niltfer Stream. DDT and its metabolites were found
in higher concentrations in the wet period, especially
in Niltfer Stream sediments. PCBs were also detected
in higher concentrations in sediments during the dry
season (Table 5). These results show that the soutrce of
pollution in Kocagay River comes from sources other
than Nilifer Stream. The PNEC values used to
determine the Hazard quotient were 0.029, 15.2, 12,
0.01, 0.09, 27, 0.046, and 62 ng/L for gamma-HCH,
beta-HCH, dieldrin, 4.4-DDE, 4.4-DDD, 2,4 DDT,
total PCBs, and total PBDEs, respectively (Metelkova
et al. 2019, Verbruggen and Brand 2015, Zeng et al.
2018). Accordingly, the hazard quotient coefficient of
all determined pollutants was >1 (Table 5). This
situation is considered to be high risk. Because of their
potential for harmful health effects in humans
wotldwide  including  endocrine  disruption,
reproduction, and cancer, POPs received increased
attention and raised concern (Davidsen et al. 2021,
Klaunig et al. 2020, Yurdakok et al. 2015).

Microbiological results showed bacterial growth in all
samples with quite a variety of culturable bacteria
species. The coliform bacteria investigated in the study
were dominant at the genus/species level and in high
numbers. The total bacterial counts, coliform bacilli
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count, and fecal coliforms detected in the samples were
taken in two different seasons (dry-wet) and at two
different temperatures (35°C-44°C). Samples were
incubated at both incubation temperatures as planned
in the study and grown colonies were calculated as
CFU/100 mL after calculation with dilution factors
(Table 6). There were no significant differences
between water and sediment samples in terms of
sampling locations for total bacteria and coliforms,
while fecal coliforms were found higher in Nilifer
Stream than in Kocacay (two-way ANOVA, Fig =
478, P < 0.05) because the Niliifer Stream is in a
location with high urban intensification and in a high-
density residential urban area. Major pollution sources
are anthropogenic, mostly human or animal wastes or
sewage discharges. Besides, this area is contaminated
by urban wastewater and industrial wastes. Therefore,
according to our results, the analyzed data about high
amounts of fecal coliforms in this region actually
corresponds to our expectations per microbiological
contamination/risks. In addition, water and sediment
samples revealed that pollutants causing serious
eutrophication and microbial contamination in the
region have the potential to influence ecosystem
functions via changing microbial community
composition. No differences were found between the
two sampling locations for total bacteria, but there was
a significant difference between wet and dry seasons
for total bactetia (two-way ANOVA, Fy=8.73, P <
0.01), while no differences were observed for either
coliform or fecal coliforms during both sampling
seasons. Although there were two different growth
temperatures for total bacteria, coliforms, and fecal
coliforms, we could not find any significant difference
in the type and abundance of microorganisms.
However, fecal coliforms were found higher in
sediments than in water (two-way ANOVA, Fi»s=
85.36, P < 0.05), but there were no significant
differences in terms of different temperatures by
means of thermotolerant strains. The proximity of
sampling sites to highly populated urban areas may act
as a significant risk to public health because of
microbial pathogens, especially fecal coliforms.
Therefore, it is very crucial to determine the bacterial
loads due to fecal coliforms as well as total coliforms
in such streams in the country.

According to the physicochemical analysis, NHy, POs,
SOs4, Cl, Na, SS, TDS, EC, turbidity, and alkalinity
values were higher in the Nilifer Stream in both
sampling periods. While, chl-a, NO; and DO (mg/L)
values were higher in the Kocagay River in both
sampling periods (Table 7). Two-way ANOVA results
for these parameters showed highly significant
differences (P < 0.05; P < 0.001). Water chemistry in
rivers is controlled by different natural and
anthropogenic processes such as rock weathering,
atmospheric deposition, agricultural and industrial
activities (Meybeck 2003, Qu et al. 2019, Yotova et al.
2021). However, especially direct discharge of
domestic and industrial wastewater to river ecosystems

unequivocally causes water quality deprivation and
public health problems (Ustiin 2011). These problems
are also observed in Niliifer Stream with the increasing
population of the city and increasing waste material;
thus, the stream is exposed to intense organic and
inorganic pollutants via wastewater discharge (Ustiin
2011, Dorak and Celik 2017). The Turkish Water
Quality Classes are provided to determine pollution
levels in surface waters in Turkey and it is very
important from an EU perspective (Jin et al. 2013).
According to the EU Water Frame Work Directive, all
European members and candidate countties have to
meet the water quality standards in river ecosystems.
When our results are compared (DO, conductivity,
ammonium, nitrate, and phosphate values) with
standard values, they were higher than acceptable
levels in both river systems. The physicochemical
results showed that the river systems have poor water
quality. Water quality indexes are the simple,
functional, and favorable approach for elucidating the
general quality of surface waters (Aydin et al. 2021).
There are several indexes widely used for surface water
quality categorization and The National Sanitation
Foundation Water Quality Index (NSFWQI) is one of
the most preferred indexes (Fathi et al. 2018, Noori et
al. 2019). NSFWQI is based on nine parameters:
temperature, total phosphate, nitrate, dissolved oxygen
(%), total solids, biological oxygen demand, pH, and
fecal coliform bacteria (Noori et al. 2019). The
NSFWQI was calculated according to the WQI
calculator developed by Water Research Center. Our
water quality results have shown that Kocagay River
was moderate and of bad quality in dry and wet
seasons, respectively (equal to 53 and 39, respectively).
Niliifer Stream was found in bad quality in both
seasons with similar values (equal to 35 and 306,
respectively). Indeed, the water quality classification
could be worse than the calculated, since the absence
of BOD and TP measurements are lacking (Noori et
al. 2019). According to the two-way ANOVA results
for each water quality parameter, the main effects were
highly significant, while there is no significant
interaction appeared except for turbidity, alkalinity,
and Na (Table 7). The interaction plot of these
variables showed significant differences between
seasons and sites (Fig 3). Although turbidity showed
variation between both seasons and sites, we have not
depicted seasonal differences for chl-a and POy values
(Table 8, Fig 2).

During the sampling seasons, the most abundant
microplastic type in both locations were fibers (Fig 3)
and depicted as microscopy images Fig 4. Polymer
compositions were mainly polyethylene (PE) (62.2%)
and polypropylene (PP) (24.3%) according to the FT-
IR spectral identification and interpretation (Fig 5).
Remaining microplastics were identified as polystyrene
(PS), poly (ethylene terephthalate) (PET), and poly
(methyl meta-acrylate) (PMMA). On some PE and PP
spectra, in the range of 1720-1710 cm™ peaks are
observed which could indicate thermo- and
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photooxidation-related aging (Gardette et al. 2013).
The findings are in an agreement with the global
pattern for freshwater ecosystems that fibers were
morphologically the most abundant microplastic type
(Di and Wang 2018), whereas chemically polyethylene
dominates (Mason et al. 2016). In the study sites, high

abundance would be due to fishing activities as well as
the industrial and domestic waste discharges through
highly populated urban areas. However, further
detailed research is needed on microplastic pollution in
freshwater ecosystems.

Table 2. Validation data of targeted organochlorine pesticides, polybrominated bipheyls and polibrominated biphenyl

ethers in water.

Compound Linearity Correlation LOD LOQ
(ng/kg)  coefficient  (ug/kg) (ug/kg)

()
Onrganochlorine pesticides (OCP)

- HCH 1-100 0.996 0.21 0.63
8- HCH 1-100 0.994 0.22 0.66
Lindane 1-100 0.998 0.27 0.83
HCB 1-100 0.997 0.24 0.72
Heptachlor 1-100 0.998 0.26 0.78
Dieldrin 1-100 0.995 0.27 0.83
4,4 DDD 1-100 0.997 0.22 0.68
4,4"DDE 1-100 0.995 0.23 0.69
2,4-DDT 1-100 0.996 0.21 0.65
4,4 DDT 1-100 0.998 0.18 0.55
Methoxychlor 1-100 0.999 0.22 0.67
Polychlorinated Biphenyls (PCBs)

PCB28 1-100 0.998 0.19 0.58
PCB52 1-100 0.997 0.19 0.58
PCB101 1-100 0.999 0.19 0.58
PCB118 1-100 0.998 0.23 0.68
PCB153 1-100 0.999 0.21 0.64
PCB138 1-100 0.998 0.20 0.61
PCB180 1-100 0.998 0.23 0.68
Polybrominated Diphenyl Ethers (PBDEs)

PBDE 17 1-100 0.996 0.15 0.44
PBDE 47 1-100 0.994 0.18 0.54
PBDE 66 1-100 0.996 0.19 0.58
PBDE 100 1-100 0.999 0.19 0.57
PBDE 153 1-100 0.993 0.28 0.85
PBDE 183 1-100 0.995 0.28 0.85
PBDE 209 1-100 0.998 0.18 0.54

Mean ... Intermediate
Recover Repeatability recision
Y (RSD%) p

(%) (RSDY%)
94.5+4.8 83 8.2
101.2+6.3 8.1 5.8
106.3+5.5 7.4 6.4
97.6x94 7.9 8.3
96.7x77 7.3 6.1
89.9+10.1 10.2 8.2
97.3+83 104 9.3
97256 5.7 6.6
948+76 7.3 9.5
103.4+£52 7.6 8.7
98.6+9.8 5.9 5.2
101.4£8.1 5.1 4.7
104.3+6.5 5.2 6.2
99.8+7.4 538 6.4
99.6x8.2 6.1 5.9
98.7t52 3.9 4.3
97.6x5.6 4.7 42
97.4+88 6.3 6.5
97.4+x57 8.6 5.3
97.5+58 7.3 4.6
977169  10.6 5.1
92577 55 3.1
91.9+43 5.1 5.9
89.7+10.2 12,5 9.1
96.2+8.6 2.3 4.3

LOD: Limit of Detection, LOQ: Limit of Quantification; RSD: Relative Standard Deviation

Table 3. Validation data of targeted organochlorine pesticides, polybrominated bipheyls and polibrominated biphenyl

ethers in sediments.



Compound  Linearity ~ Correlation
(ng/kg) coefficient
©
Onrganochlorine pesticides (OCP)
a- HCH 1-100 0.994
B- HCH 1-100 0.995
Lindane 1-100 0.993
HCB 1-100 0.997
Heptachlor ~ 1-100 0.996
Dieldrin 1-100 0.997
4,4"DDD 1-100 0.995
4,4"DDE 1-100 0.995
2,4-DDT  1-100 0.995
4,4"DDT 1-100 0.998
Polychlorinated Biphenyls (PCBs)
PCB28 1-100 0.997
PCB52 1-100 0.998
PCB101 1-100 0.998
PCB118 1-100 0.997
PCB153 1-100 0.999
PCB138 1-100 0.999
PCB180 1-100 0.997
Polybrominated Diphenyl Ethers (PBDEs)
PBDE 17 1-100 0.995
PBDE 47 1-100 0.998
PBDE 66 1-100 0.998
PBDE 100  1-100 0.997
PBDE 153  1-100 0.996
PBDE 183  1-100 0.995
PBDE 209  1-100 0.997

LOD
(ng/kg)

1.56
1.58
1.57
1.61
1.83
1.55
1.79
1.56
1.65
1.55

1.16
1.18
1.24
0.99
0.81
0.77
2.05

1.04
1.18
1.20
2.10
1.16
1.46
1.30

LOQ
(ug/kg)

4.67
5.21
5.17
5.31
6.40
3.41
591
5.15
5.45
3.41

3.52
3.55
3.73
3.00
2.43
2.29
6.16

3.11
3.56
3.01
6.65
3.47
4.49
3.89

Mean
Recovery

(7o)

92.1£8.7
103.1+£7.2
107.2+7.5
93.3+8.5
92.8+6.8
88.9+10.8
90.9%+10.1
85.919.9
91.419.6
96.716.4

104.6£5.0
106.8£5.7
97.916.5
98.6%6.1
97.1+4.1
97.5+4.7
93.917.9

93.417.8
93.6+6.5
95.419.2
95.6+7.7
94.1%6.1
91.0+4.8
92.5+3.9

Repeatability
(RSD%0)

9.5
9.3
8.4
7.8
7.5
9.6
11.7
11.4
8.5
6.3

53
5.7
6.5
5.6
5.2
4.1
6.8

9.2
7.8
9.7
8.6
7.3
5.1
4.9

Intermediate
precision

(RSD%)

8.4
8.7
7.6
6.9
6.2
9.7
10.4
9.9
9.3
6.8

4.9
5.5
7.3
6.2
4.8
3.6
5.3

8.1
6.3
9.7
8.6
7.3
5.1
4.9

LOD: Limit of Detection, LOQ: Limit of Quantification; RSD: Relative Standard Deviation

Table 4. LOQ and LOD (mg/L) values of anions and cations

Parameters LOQ (mg/L) LOD (mg/L)
F 0.053 0.017
Cl 0.066 0.022
NO; 0.148 0.049
NO; 0.215 0.071
ClOs 0.257 0.085
PO, 0.050 0.016
SO, 0.217 0.072
Na 0.009 0.003
NH,4 0.027 0.009
K 0.026 0.008
Mg 0.084 0.028
Ca 0.105 0.035




Table 5. Detected concentration ranges of contaminants in sampling sites during dry and wet seasons, and Hazard Quotients (HQs) risk effect.

Environment Compounds Kocagay River o Niliifer Stream
Dry HQ Wet Q Dry HQ Wet HQ
Gamma-HCH  <LOQ-126.0 4344 <LOQ 0 <1.0Q 0 <LOQ 0
Beta-HCH <LOQ-86.9 571 <LOQ 0 <1L.OQ 0 <LOQ 0
Dicldrin <LOQ 0 <LOQ 0 <1.OQ 0 <LOQ 0
~ 44-DDE <LOQ 0 <LOQ 0 <10Q 0 <LOQ 0
% 44-DDD <LOQ 0 <LOQ 0 <10Q 0 <LOQ 0
:’i 2,4-DDT <LOQ 0 <LOQ 0 <1L.OQ 0 <L.OQ 0
§ PCB28 <LOQ 0 <LOQ 0 <1.OQ 0 <LOQ 0
g PCB118 <LOQ 0 <LOQ 0 <1L.OQ 0 <LOQ 0
PCB138 <LOQ 0 <LOQ 0 <1.OQ 0 <LOQ 0
PCB153 <LOQ 0 <LOQ 0 <10Q 0 <LOQ 0
PBDE28 <LOQ 0 <LOQ 0 <1.0Q 0 <LOQ 0
Gamma-HCH  <LOQ 0 <LOQ 0 <1.OQ 0 <LOQ 0
Beta-HCH <LOQ 0 <LOQ 0 <1.0Q 0 <LOQ 0
Dieldrin 1515.4-2120.3 176.69 <LOQ 0 <LOQ-220.6 18.38 <LOQ 0
o 4,4-DDE <LOQ - 4.71 471 <1.OQ-68.50 0.85 <LOQ-114 1140 38.8-91.1 o111
5 44-DDD <1.OQ 0 44.8-587.2 6524 <1L.OQ-32.6 362.23 <1.0Q-280.4 3115
S 2,4-DDT <LOQ-82.8 3.07 <LOQ 0 89.8-101.4 3.76 <LOQ 0
g PCB28 <LOQ - <LOQ-631.0 - <LOQ-251.1 - <LOQ-49.6 -
3 PCB118 <LOQ-210.6 - <LOQ - <LOQ-245.4 - <LOQ -
@ PCB138 <LOQ-47.9 - <LOQ - 20.0.34.6 - <LOQ -
PCB153 <LOQ - <LOQ - <1.0Q-37.8 - <1L.OQ -
Total PCBs <1.0Q-258.5 5619 631.0 13717 <L.0Q-5689 12367 <LOQ-49.6 1078
PBDE2S <LOQ 0 <LOQ-194.7 3.14 <1.OQ 0 <10Q 0

HQ: Hazard Quotient, LOQ: Limit of quantification



Table 6. Numbers of coliform bacteria isolated during different seasons at two different temperatures.

Env. Count Kocagay River Nilifer Stream
(CFU/100 Dry Wet Dry Wet
ml) 34°C 44°C 34°C 44°C 34°C 44°C 34°C 44°C
Tot. bacteria 3.8x10¢ 4.8x103 6.2x107 5,8x108 2.9x106 2.4x107 6.2x107 1.9x1010
‘2 Col. bacteria 2.1x104 2.5x103 2.8x103 2.5x10* 2.2x103 1.7x105 8.7x10* 3.8x10°
B
F. coliform 1.9x10? 0.5x108 1.1x103 1.2x103 - - 4.5x10? 9.6x10?
Tot. bacteria 5x10¢ 2x10°¢ 1.6x1010 3.8x107 1.9x10¢ 2.8x106 2.0x1010 1.3x108
g
g Col. bacteria 5x103 3.1x10* 8.3x10° 1.7x10% 2.1x10° 7.2x10° 5. 6x103 2.4.10°
2
& F. coliform 2.6x102 - 9.0x10? 1.4x104 5.5x10? 0.5x108 1.9x102 5.5x107

Tot. bacteria=Total bacterial count, Col. Bacteria=Coliform bacteria, F. coliform= Fecal coliform, Env.= environment.

Table 7. Range of physicochemical characteristics of sampling sites during different seasons.

Kocagay River Niliifer Stream
Parameters Dry Wet Dry Wet
WTemp (°C) 26.6-28.8 18.2-19.6 26.0-27.4 19.4-21.9
DO (mg L) 5.4-6.5 1.3-2.2 0.6-3.0 0.4-0.6
DO (%) 73.6-88.5 14.5-23.7 5.1-38.9 4.3-7.1
EC (uS/cm) 1261-2152 925-1009.8 2048-2323 1982-2107
TDS (mg L) 819-13006.5 664.8-745.3 1274-1482 1371.5-1534.0
Sal (%) 0.63-1.02 0.5-0.6 0.9-1.2 1.1-1.2
pH 8.4-8.5 8.1-8.2 7.6-8.1 8.15-8.30
Turbidity (NTU) 12.4-13.9 6.4-7.8 59.8-62.9 11.4.-16.2
SS (ug LY 16.8-19.4 14.3-26.5 38.8-66.0 44.3-60.9
Chla (ug L) 63.4-103.5 35.9-56.3 5.3-8.8 3.5-9.7
Alkalinity mg CaCOj L 92-105 234-264 125-165 416-438
F (mg L) 0.2-0.2 0.12-0.26 0.16-0.22 0.23-0.29
Cl (mg L") 252.7-555.6 120.1-171.8 453.2-521.8 417.0-444.8
NO; (mg L) 0.12-0.14 0.8-1.2 0.0-0.0 1.1-1.3
NO; (mg L) 1.00-1.12 2.5-2.7 0.4-0.6 0.2-1.6
POy (mg L) 0.7-0.9 0.6-1.1 2.5-3.4 3.8-6.3
SO4 (mg L) 87-1-120.5 78.5-80.8 104.4-112.9 101.8-106.8
Na (mg L) 60.9-84.7 111.1-135.4 86.3-93.8 336.2-363.7
NH; (mg L) 3.7-6.9 4.2-72 10.4-12.9 22.7-32.8
K (mg L) 9.3-14.3 10.2-16.5 13.3-15.3 17.0-39.1
Mg (mg L) 40.5-58.7 17.7-21.2 20.0-22.7 12.1-21.2
Ca (mg L' 53.5-59.9 34.4-34.6 66.4-67.0 44.5-53.7
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Table 8. Summary of two-way ANOVA. Location: Season indicates the interaction effect of waterbody and season.

Fvalue p-value Sig- Fvalue p-value Sig-
level level
Temp (°C) Turbidity
Season 127.197 <0.001 Fodok Season 423.2 <0.001 otk
Location 0.429 0.53 Location 606.3 <0.001 otk
Location:Season 4.125 0.08 Location:Season 346.2 <0.001 otk
DO (gL Chla (ugL)
Season 40.10 <0.001 Hokok Season 5.365 0.06
Location 24.68 <0.01 *k Location 40.230 <0.001 ok
Location:Season 10.72 <0.05 * Location:Season 3.418 0.11
EC (uS cm) Alkalinity
Season 6.38 <0.05 * Season 392.55 <0.001 otk
Location 20.08 <0.01 ok Location 112.36 <0.001 Hotok
Location:Season 2.03 0.2 Location:Season 37.99 <0.001 otk
DIN (ugL-) Na (ugL)
Season 21.82 <0.01 ok Season 265.8 <0.001 AFokok
Location 47.70 <0.001 Hopok Location 210.2 <0.001 Fokok
Location:Season 14.95 <0.01 ok Location:Season 146.5 <0.001 AFokok
PO4 (ugL-) K (hgL)
Season 2.803 0.14 Season 2.335 0.1
Location 38.746 <0.001 Fokok Location 3.986 0.1
Location:Season 4.017 0.1 Location:Season 1.829 0.3
S04 (gL) Ca (ugL)
Season 3.412 0.1 Season 90.92 <0.001 AFokok
Location 5.611 0.1 Location 3.986 <0.01 *k
Location:Season 1.014 0.3 Location:Season 1.829 0.3
Mg (ugL) F (ugL)
Season 20.39 <0.01 *ok Season 4.69 0.1
Location 11.66 <0.05 Location 0.36 0.6
Location:Season 1.829 <0.05 Location:Season 1.34 0.3
Cl (ugL) NH (ugL)
Season 5.37 0.1 Season 10.54 <0.05 *
Location 9.87 <0.05 * Location 45.92 <0.001 Hokok
Location:Season 1.39 0.2 Location:Season 13.69 <0.05 *
NO; (ugL) NO (gL
Season 15.8 <0.05 ok Season 141.59 <0.001 U
Location 16.31 <0.05 ok Location 0.45 0.5
Location:Season 4.404 0.1 Location:Season 4.62 0.1
Sig-level codes: * <0.05, ** <0.01, and *** < 0.001.
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Fig 2: Two-way interaction plot of main physical and chemical parameters. Colors represent blue line: Niltfer

Stream, red dots: Kocacay River, respectively.
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Fig 3: Observed percent distribution of microplastics in study sites: A) Kocacay River, B) Niliifer Stream.
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Fig 4a: General stereo miscoscopy image of fiber microplastics (X 3.2 magnification). 4b: High magnification and

detail of microplastic fiber

(bar: 100 pm). Catl Zeiss Stemi DV4 model stereo microscope (Photo: E. Pagal).
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Fig 5: FT-IR spectral identification and interpretation of Kocagay River microplastic polyethylene (PE) sample.

CONCLUSION

The best risk management methods and policies
requite thorough research, filling in the gaps in
scientific  knowledge, and comprehending EC
existence, behavior in water sources and wastewater
along with paths and accumulation in the surrounding.
The present study provides important data for relevant
authorities for further actions to be planned, managed
and executed. The other significant issue is EC not
being regulated using legislation in surrounding, water
quality, and wastewater discharge regulations. Thus,
there is an immediate requirement

to enhance scientific information and follow
convenient technical and action dealings to monitor
ECs in the envitonmental matrixes, estimate their
potential health and environmental risks, and prevent
and control their release to water sources and the
surrounding.  Hence,  creditable = monitoring,
appropriate risk assessment, and confidential removal
that consider ECs as a heterogeneous group rather
than single substances will be the challenges for the
work community in the future.
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ABSTRACT

An imbalance in gut microbiota detected to serve as a predisposing factor for existence of chronic inflaimmation of the
gastrointestinal tract, such as chronic enteropathy among cats. Given the postulation that probiotic administration might
mitigate gastrointestinal disorders, its effects via rectal route have never been explored in our country among cats with
chronic enteropathy. Thus the purpose of the present study was to evaluate the therapeutical efficacy of an multiple chain
probiotic treatment involving Bifidobacterium combination [Bifidobacterium longum, Bifidobacterium bifidum, Bifidobacterium animalis),
Lactobacillus strains [Lactobacillus rhamnosus, Lactobacillus gastricus, Lactobacillus acidophilus, Lactobacillus plantarum), Bacillus strains
[Bacillus clansii, Bacillus subtilis] and a next generation probiotic Akkermansia muciniphilia via rectal route (enema)in cats with
cEnT. Diagnosis was based on a) clinical, b) hematological and serum biochemical analysis along with scoring to those of
Feline Chronic Enteropathy Activity Index (FCEAI). Each cat was inspected and analyzed/reevaluated and assigned a
FCEALI score at the start and end of treatment for 10 day induction period. Rectal enema probiotic treatment resulted with
significantly decreased composite FCEAIT score (p<<0.01) and laboratory parameters re-evaluation values (p<<0.01) subjected
to interpretation. This treatment modality without any side effects, should be subtitute other relevant treatment modalities
with relapsing and degenerative effects.

Keywords: Dysbiosis, GI inflammation, Microbiome analysis, Probiotheraphy

kkk

Kronik Enteropatili Kedilerde Bagirsak Mikrobiyota Analizleri Ile Kisa Dénem
Rektal Enema Probiyotik Sagaltim

(074

Bagirsak mikrobiyotasindaki dengesizliklerin kedilerdeki kronik enteropatilerde oldugu gibi gastrointestinal sistemdeki kronik
inflamasyon olusumu i¢in de hazirlayict bir faktr olarak hizmet ettigi tespit edilmigtir. Probiyotik uygulamasinin
gastrointestinal rahatsizliklar azaltabilecegi varsayimi géz 6ntine alindiginda, tlkemizde kronik enteropatili kedilerde rektal
yoldan probiyotik uygulamasi sonucu olusabilecek olast etkileri hentiz arastirtlmamustir. Bu bilgiler nedeniyle sunulan bu
calismanin amaci, kedilerde Bifidobacterinm kombinasyonu [Bifidobacterium longum, Bifidobacterium bifidum, Bifidobacterium animalis|,
Lactobacillus suslart [Lactobacillus rhamnosus, Lactobacillus gastrikus, Lactobacillus acidophilus), Bacillus suslar1 [Bacillus clansii, Bacillus
subtilis] ve yeni nesil bir probiyotik olan Akkermansia muciniphilia'yr iceren ¢ok zincirli bir probiyotik tedavisinin terapétik
etkinligini, kedilerde rektal yoldan (enema) degerlendirmektir. Teghiste a) klinik, b) hematolojik ve serum biyokimyasal
analizlerin yaninda Feline Kronik Enteropati Aktivite Indeksi'ne (FCEAI) gére puanlamalar yapilarak gerceklestirildi.
Arastirma kapsaminda degerlendirilen her kedi sagaltim Oncesi ve sagaltm sonrasint kapsayan 10 gunlik strede analiz
edilerek yeninden degerlendirildi. Rektal enema yolu ile uygulanan probiyotik tedavisi sonucu, “yorumlamaya tabi tutulmus
kompozit FCEAI skoru” (p<0.01) ve laboratuvar parametreleri yeniden degerlendirmede (p<0.01) anlamli derecede
azalmustir. Calismadan elde edilen bulgular 1s1ginda herhangi bir yan etkisi olmayan bu tedavi yonteminin, tekrarlayan ve
dejeneratif etkileri olan diger ilgili tedavi yontemlerinin yerini alabilecegi kanaatine varimustir.
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GIRIS

Kedilerde, kronik enteropatinin  (kEnt) cesitli
sebepleri olsa da hastalik genel itibart ile, idiopatik
inflamatuvar  bagirsak hastaligt (IBH) ve gida
eliminasyonuna cevap veren enteropati (GcE) olarak
iki sendromu icerebilmektedir (Jergens ve ark., 1992;
Dennis ve ark., 1992; Dennis ve ark., 1993; Hart ve
ark., 1994). Her iki hastalikta da persiste ya da niiks
edici karakterde (ki bu ¢alisgmanin yazarlarina gore de
kliniklere ~getirilen kedilerde en siklikla verilen
anamnezdir)  farkli  patojenik  mekanizmalatla
sekillenen gastrointestinal belirtiler mevcut olup, her
iki formda da spesifik sagaltima alinan cevaba iliskin
retrospektif tantya gidilmektedir (Hall ve German,
2004). Kedilerde meydana gelen klinik bulgular ¢ok
degisken olup hastaligin siddeti kediden kediye
farklilagsmakta, bunu belitleyen unsurlar arasinda
enteropatinin 1) tipi, i) lokalizasyonu ile iii)
gastrointestinal (gi) kanalda etkilenen bdlgedeki
yayginligt rol almaktadir (Jergens ve ark., 1992;
Dennis ve atk., 1992; Dennis ve ark., 1993).
Universite klinik pratigimizde giderek artan sayida
kronik enteropati ve buna iliskin klinik bulgularla
getirilen kedilerle karsilasmaktayiz. Bu kedilerin ¢ok
o6nemli bir kisminda farkli beslenme rejimleri
deneme/yanilma ile hasta sahipleri nezdinde
uygulanmakta, olgular klinige getirildikten sonra da
hastaliga 6zgli  diyet secimleri yapilmakta, gida
eliminasyon diyeti de denenmektedir. Olgularda
basarili  sagalum  uygulamalarinin = kisa  vadede
gerceklesmemesi ve ¢ogunlugunda niiks gdrilmesi
sebebi ile “besinsel unsurlar-alerji-gastrointestinal
lezyonlarin™ iliskisinin aragtirilmast ve probiyotiklerin
(vararlh  minicanllarin)  sagalumdaki ~ Gneminin
degerlendirilmesi gerektigi, bu calismayr dizayn eden
arastirmacilar tarafindan distuntlmustir.

Genis kitlelerde ve saglik sektoriinde ‘dost bakteriler’
olarak bilinen probiyotikler, heniiz pet hayvanlarinin
sagligt ve refahina yoOnelik hak ettigi degeri
bulamamistir. Kanita dayali veri havuzunda ise halen
onemli (6zellikle ulusal diizeyde daha da 6nemlidir)
eksiklikler mevcuttur. Tim bu unsurlar literatiir
aragtirmast ~ yapan veteriner hekimlerin  klasik
kaynaklara yonelmesine ve immunsupresif sagaltim
6lgekli uygulamalarda bulunmasina neden olmaktadir.
Benzer olarak, klinik uygulamalarimizda intestinal
permeabiliteye ve/veya gecirgenlik artisina yonelik
sagalumin basart getirecegine dair ciddi veriler
probiyotik uygulamalarinin 6nemine isaret etmektedir
(Marsilio, 2021). Bu c¢alismada klasik sagaltim
uygulamalarina karsin 6ncti bir arastirma bakis acist ile
kisa donem c¢oklu sus probiyotik rektal enamasinin
kronik enteropatili kedilerde sagaltim etkinliginin
degerlendirilmesi amaglandu.

MATERYAL ve METOT

Olgularin Tanimlanmasi

Felin Kronik Enteropati Aktivite Indeksinde (FkEal)
kullanilan gastrointestinal bulgular (Sekil 1) 0 ila 3
arasinda degiskenler olarak skorlanmaktadir (Tablo 1)
(Jergens ve ark., 2010). Hastalarin se¢iminde anamnez
bulgulart ve klinik muayene kriterleri gbz Oniine
alinarak calismaya alindi. Bu calismada séz konusu
aktivite indeksi modifiye edilerek [endoskopik
verilerin ve fosfor analizlerinin eksikligi (teknik ve
idati sorun) sebebiyle] saha sartlarina uygun olarak
sadece asagida gosterilen parametreler ve ilgili skorlar
saptanmistir. Orijinal halinden (Jergens ve ark., 2010)
sapilmayarak, sadece yukarida bahis konusu oldugu
Uzere bakilamayan parametreler zaruriyet icerisinde
cikarilarak  modifiye eksiltilmis FkFal [meFkEal]
uygulanmistir. Arastirmamiz kapsaminda toplamda 10
Felin Kronik Enteropatili kedi degerlendirilmeye
alinmigtir.

Bagirsak Mikrobiyom Analizleri

Ornekleme Prosediirii

Kisitl biitce ve iktisadi kosullar (kur dalgalanmasr)
g6z ontnde bulundurularak sadece sagaltm 6ncesi
vetilere yonelik mikrobiyom analizleri (8/10 olguda)
hizmet alimi seklinde, yurt disinda gerceklestirildi.
Kisaca rektumdan 5 cm civarinda ilerisi steril koton
svap aracihfinda (diski degil, limen hedeflenerek)
limen o6rneklerinin alinmasint sagladr. Hazir olarak
evvelden temin edilen test materyalleri kullanddi.
Kutu iceriginde rektal 6rnekleme icin kullanima haiz
steril svaplar, numune aktarma kaplart (hazir buffer
soliisyonu iceren) mevcuttu. Ornekler hizmet alimi ile
Amerika Birlesik Devletleri'ne Midog Merkezine
(Center) ulagtirilds.

Mikrobiyota Analiz Metodolojisi

Toplamda caligmaya dahil edilen 10 kediden 8’inde
mikrobiyom analizleri gerceklestirilebildi. MiDOG®
(All-in-One Microbial Test) kullanilarak hedefli yeni
jenerasyon DNA sekanslama testi uygulandi. Bu test
ile spesifik mikroorganizmalarin tanimlanmasi ve
karakterizasyonuna yonelik molekiiler imzalarin
belirlenmesi amaclandi. Son sézii edilen test elde
edilen Orneklemlerin muhafazali korunma ile nakil
sonrast Midog Merkezinde DNA  ekstraksiyonu
(6rneklemde aciga cikabilen mikroplarin tamamina
yo6nelik) mikrobiyel DNA’nin secici amplifikasyonu ile
yeni jenerasyon DNA sekanslama (Illumina, Inc., San
Diego, CA) wvasttastyla gerceklestirildi. Akan veri
analizi, toplanan 6rneklerde mevcut bakterilerin kesin
ve dogru (tir dizeyinde) tanimlamalarina olanak
saglamak adina, DNA dizilerini harici hizalamak i¢in
kiratérli  mikrobiyel  veritabani  araciliginda
gerceklestirildi.
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Sagaltim Modellemesi

Sagalim modellemesinde Prof. Dr. Kerem Ural'n
bilimsel literatiire kattigi sekli ile “degismeli takvim
probiyoterapi” (Ural ve ark., 2020a, 2020b) ¢oklu sus
hali uygulandi. Calismamizda kullandan  (glnlik)
rektal enema probiyotik sagaltiminda metodolojik
yaklastmda probiyotik enema olarak kullanilan
Cocobiotic  (Akkermansia — muciniphilia,  Bifidobacterium
longum, Bifidobacterinm bifidum, Bifidobacterinm  animalis,
Lactobacillus rhammnosus, Lactobacillus gastricus, Lactobacillus
acidophilus, Lactobacillus plantarum) (Art de Huille, Hilya
Kayhan) farmasotik takdim sekli usuline uygun
sekilde hazirlanarak, rektumdan 15 cm ileriye tatbik
edildi (Sekil 2). Calismamizda sagaltim
modellememizin tim olgularda herhangi bir yan
etkiye neden olmaksizin ilgili protokol titizlikle,
aksatilmadan uygulanmasi sagland.

BULGULAR

Klinik olgu resimleri sekiller 3-14 arast sunuldu.
Olgulara ait bireysel (tablo 2 ve sekil 2) FkEal
skorlamalari ile skorlara ait ortanca degerler sekil 3 ve
4te gosterildi. Klinik bulgularda (sekil 3) ve serum
biyokimyasal bulgularinda meydana gelen degisimler
(sekil 4) ayrt ayrt bar grafik olarak sunuldu. Terapotik
sagalum modellememiz  esliginde  gerek  klinik
bulgularda gerekse laboratuvar analizlerinde ortanca
degerlere ait degisim (azalma) klinik iyilesmeyi de

beraberinde getirdi. On giinlik rektal enema
protokoliinde herhangi bir yan etki saptanmadi.
Olgulara  Ait  Klinik ve  Makroskobik
Degerlendirme

Olgulardan baziarina ait demografik verileri de kisaca
iceren aciklamalar gorseller esliginde asagida kisith ve
kisa olgu atlasi seklinde sunuldu (Sekil 7-14).

Mikrobiyota Analizleri

Mikrobiyotanin stnuf seviyesinde dagilimui Sekil 15 ile
16 ve Tablo 2’ de go6sterildi. Mikrobiyel topluluklarin
filum, sinif, sira, aile, genus ve tir dizeylerinde genel
dagilimina ait veri havuzu Temel (asil) koordinat
analizleri, a« dagilim sonuclari ile de desteklendi.
Ilaveten oldukca az sayida literatiirle karsilastirmals
olarak  bagirsak  mikrobiyel aile  (topluluklarr)
dizeyinde bu calisma kapsaminda o6zellikle verildi.
Tek degiskenli ve operasyonel taksonomik inite
(OTU) analizleri dogrultusunda kEnt bulunan
kedilerde fakiltatif ~ anaerobik taksa alt
degerlendirmesinde Firmicutes filumunda
[Ruminococcaceae  (bagil bolluk 10 olgudan 8inde
minimum-maksimum %0-2,7) ve Turicihacteraceae (-)
aileleri] daha distik zenginlikle saptanirken; yine
fakiltatif anaerobik taksa altunda Enterobacteriaceae
(minimum-maksimum  %0,2-8,2) ile St#eprococcaceae
(minimum-maksimum %00-28,8) ailelerinde artts tespit
edilmistir (Sekil 15 ve 106).

istah

Y

Diski skoru/ishal
+-)

Sekil 1. Calismaya dahil edilen klinik parametreleri
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Sekil 2. Calismada rektal enema ile uygulanan probiyotik (¢oklu sus iceren) kombinasyonunun sematik ve aktif
uygulama prosediirleri (Olgu I).

Faktor Ara toplam

skor/puantaj

hafif siddetli
Tutum/aktivite = 2
Istah . . X = 3
Kusma X = 2
ishal X = 3
Kilo kayibi X - 3
Toplam puan 13

Sekil 3. IT nolu olguda modifiye eksiltilmis FkEal skoru 6rneklemesi. Olgularda Klinik skorlama énceki literatiir
esliginde (Jergens ve ark., 2010) modifiye edilerek hesapland.



Faktér Ara toplam

Gl BELIRTI
Tutum/aktivite ~= [ 1 [] 1
hafif  ota  siddetl]
Istah Y 3 3 - 0

hafif  oms  giddetl

Kusma [_] S f—] -

N

Ishal J L] L - o
Kilo kaybi 1 = [ -
Endoskopik leryontar || - !

N

hayw evet

Toplam protein [ . - |
normal Aty

ALT/ALP (- 0
normal artiy

Fosfor ] - !
normal azahy

Sekil 4. Orijinal hali ile (Jergens ve ark., 2010) FkEal kompozit skorunun olgu bazlt hesaplanmast. Gérsel orijinal
halinden 6z dilimize farklilastirilarak bu ¢alisma kapsamindaki bir olguya yorumlanmis ve hesaplanmistir. Eksiltilen
parametre (fosfor) hesaplamaya dahil edilemediginden (idari ve mali iktisadi kosullar) meFkEal degerlendirmesi
zaruri kilinmustir.

Klinik Bulgulardaki Degisim

03
Dy !
Vramg 4 " 'sha) ’lﬂ.k,’h

-
n

Skor

n

Sekil 5. Kronik enteropatili ve calismaya dahil edilen kEnt’li kedilerde rektal enema ile probiyotik yolla uygulanmast
Oncesi 0. glin ila 10. giindeki degisim ile meFkEal skorlart.
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Laboratuvar Bulgularindaki Degisim
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Sekil 6. Kronik enteropatili ve galismaya dahil edilen edilen kEnt’li kedilerde rektal enema ile probiyotik
uygulanmasi 6ncesi 0. giin ila 10. giindeki laboratuvar bulgularinda degisim ile meFkEal skorlari.

Sekil 7. Olgu III. ki u(;uk yildir stiregelen ve ¢éziimlenememis kEnt’i meveut kedide a) herhangi bir uygulamada
bulunulmadan hemen 6nce, b) safaltim protokoliimiize eslik eder sekilde 3. ve 11. gtinlerdeki diskinin
kompozisyonu. Olgunun meFkFal kompozit skorunda bariz ve belirgin derecede azalma mevcut.

Sekil 8. Olgu IV. Yaklagik 1 yildir stiregelen kroniklesmis gi problemleri, dolayisiyla ¢bziimlenemeyen kEnt’i
bulunan kedide (sahibi de ilgili bir Veteriner Hekim) daha sagalttmin hemen baglarinda degisimin mimari elbette
calisma protokoliimiiz. Calisma baslangicindaki meFkEal skorunda meydana gelen degisime galisma sonundaki

klinik iyilesme, uzun dénem niiks gérilmemesi de yerlesik mikrobiyomun diizenlediginin, muhtemel disbiyozisin
giderildiginin ve bagirsaktaki enflamasyonun ¢6ziimlendiginin emareleri
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Sekil 9. a) Olgu V. Glutenli ve soyalt mama devam ederken calisma takvimine ge(;illr'nede hemen 6nce-3. giin, b)-2.
giin, ¢) calisma takvimi ile dogru orantili probiyotik uygulamasindan sonraki 7. saat, d) 31. saat, €)55. saat, f) 79. saat.

F A

.’./.:A N " o '

S b

Sekil 11. Olgu VIIL ok uzun yillardir kEnt’i bulunan kedide mukoid kivamdaki diskilama, ¢alisma protokoliimiiziin
devreye girmesi ile meFkEal kompozit skorunda degisimle kanita dayali hale déntisiiyor.
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Sekil 12. Olgu VIII. Strast ile a) sagaltim 6ncesi, b)18.06.2021, c-)24.06.2021, d) 6.07.2021, €)10.07.2021 tarihlerinde

Sekil 13. Ardigik 10 &;§k1da makroskopil; goruniim..ﬁ Hasta sahibinden alinan b?lgl ve ka}lt altina alinan sayisiz gorsel
arasindan yaptigimiz se¢imlerde ardistk 6 diskinin yalnizca 1’inde kan gériilmesi oldukea sevindirici. Olgunun
kroniklesen kE tablosunun olumlu yénde seyri hasta sahibi memnuniyetini de beraberinde getiriyor.

= i ¥ : ]

Sekil 14. Aktif Atakibi‘éidukga diizenli sekilde hem tarafimizca hem de hasta sahibince yapﬂati olgumuzda degisim ile
donisim oldukea tatmin edici.
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Sekil 15. Calismamiza dahil edilen kEnt’li kedilerden 8’inde bagirsak mikrobiyotasinin sinif seviyesinde bagil
bolluguna ait topluluk (community) barplot analizleri. Renkli kutucuklar farkli bakteriyel biyogesitlilige ait verileri
sunmaktadir. Mikrobiyom akan veri analizi sadece sagaltim dncesine aittir.

40

20

Goreceli Bolluk %

10

< ef«

Sekil 16. Bagil (goreceli) bolluk oranlari aile diizeyinde gésterimi
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Tablo 1. Klinik parametrelerin skotlandirilmasi (Jergens ve ark., 2010).

Tutum / aktivite e (0 normal

° 1 hafif azalma
e 2 iliml artis

e 3 ciddi azalma

i§tah o 0 normal
° 1 hafif azalma
o 2 iliml1 azalma

e 3 ciddi azalma

Kusma e 0 higbiri

e 1 hafif (1 kez / hafta)

e 2 orta (2-3 kez / hafta)

e 3siddetli (4 kez > / hafta)

Ishal e 0 iyi sekillendirilmis disk

e 1 hafif yumusak digki, digki kani, mukus veya hafif artmis frekans (2-3 kez / giin)
e 2 cok yumusak digki veya nispeten artmis frekans (4-5 kez / glin)
® 3 suluishal veya ciddi oranda artmus frekans (> 5 kez / giin)

Kilo kayb1 0 yok
1 hafif (% < 5 kayip)
2 orta (% 5-10 kayip)

3 ciddi (% >10 kayip)

Tablo 2. OTU analizleri dahilinde taksonomik verilerle destekli aile diizeyinde (6ne ¢ikan ve secilmis) bagil bolluk

(ortanca, min. ve maks. degerler)

Seviye Taksonomi Ortalama Ortanca Min-mak
Aile Streptococcaceae %5.01 %0.05 %0- %28.8
Aile Enterobacteriaceae  %3.3 %1.7 %0.2- %8.2
Aile Turicibacteraceae %0 %0 %0
Aile Ruminococcaceae  %0.08 %0.7 %0- %2.7
TARTISMA disfonksiyonel intestinal bariyer mevcut ise intestinal
lumenden
Gastrointestinal ~ kanalda komensal —mikrobiyota
dizenli olarak intestinal  epiteliyal hiicrelerle

etkilesimde olup, bu durum saglikli bir gi kanalin
insasinda (Ley ve ark., 2006) ve immun sistemin
fonksiyonlarinda elzemdir (Artis, 2008). Gi kanali
cevreleyen epiteliyal hiicreler; enterik mikrobiyotayt ve
konak¢t dokulart birbirlerinden ayiran bir  bariyer
olarak anahtar rolde gi homeostazisi saglayarak
patojenik  bakterilere  karst ik adim  defans
mekanizmalarinda rol almaktadur. Sayet

mezenterik lenf nodillerine ve sistemik sirktlasyona
bakteriyel translokasyon sekillenebilmektedir.

Miiteakip karaciger, dalak vb. organlarda infiltrasyon
ile muhtemel sepsis ve ¢oklu organ yetmezlikleri
sekillenebilir (Turner, 20006). Yine de inflamatuvar
bagirsak hastaliginda intestinal bariyer fonksiyonunun
rolii tam agikliga kavusturulamasa da, iyi birer
fitokimyasal [fenolik asit, flavonoidler, mineraller ve
vitaminler| kaynagi olan meyve ve sebzelerin, kolonik
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mikrobiyota tarafindan acgiga cikarilan metabolitleri
anti-inflamatuvar etkinlik géstermektedir (Larrosa ve
ark., 2009). Bu yoOniyle degerlendirildiginde
beslenmenin diizenlenmesi ve fitokimyasal nitelikte
yem katki maddeleri ile nutrasotiklerin, ilaveten bu
calismaya konu oldugu tzere probiyotiklerin
kullantiminin ne kadar O6nemli oldugu daha iyi
anlasilabilir. Biz de bu c¢alismada enema ile ‘degismeli
takvim probiyoterapi’ (Ural ve ark., 2020a; Ural,
2020b) uygulamasinin yeni evrilmis hali ile ¢coklu sus
probiyoterapide rektal enema ile kisa vadede kEnt
sagaltimindaki etkinligi degerlendirildi.

Insanlarda inflamatuvar bagirsak hastaliginin (IBD)
patogenezi irdelendiginde olusagelen disbiyouzis,
metabolitlerin tretimindeki bozulma ile
iliskilendirilmektedir. Asetat, propionat ve butirat
formlarinda kisa zincirli yag asitleri Uretiminde
Faecalibacterinm prausnitzii vb. bakteriler yer almaktadur.
Asetat formlari butirat icin substrat olmakla beraber;
bagirsak epiteliyal hiicreleri igin ana enerji kaynagt da
bitirattr. IBD’den muzdarip insanlara ait digkt
orneklerinde butirat {ireten bakterilerin  sayisinda
azalma tespit edilmistir (Li ve ark., 2015; Machiels ve
ark., 2014; Mahowald ve ark., 2009; Wong ve atk.,
2000). Bizim calismamizda
Firmicutes,c__Clostridiayo__Clostridiales;t_ Rumzinococcace
ae;g__Faecalibacterinm [sirast ile filum, sinuf] sira, aile ve
genus| diizeylerinde 8 olguda [yine sirast ile %0.0,
%0.3, %0.4, %0.1, %0.0, %0.0, %0.5 ve %0.0] bagil
bollukta Faecalibacterinm tespit edilmis, her ne kadar
karsilastirmali  mikrobiyom analizi yapilamasa da
bunun bitirat dreten bakterilerin sayisinda azalmaya
isaret edebilecegi diistinilmiistir.

Yukaridaki paragraf ile bilimsel manada etkilesim
icerisinde rol model hastaliklar denkleminde IBD ile
kEnti de eslestirmek yerinde olacaktir. Intestinal
mikrobiyomun tniversal aktivitesi karbonhidratlarin
metabolize edilmesi ve fermentasyonu vasitast ile
asetat, propionat ve bitirat formlarinda kisa zincirli
yag asitleri tretimine doéntstimidir.
Firmicutes filumunda ¢ogunlukla anaerobik unsurlar
yer almaktadir ki, indirekt anti-inflamatuvar ve
immun-modulator etkinliklerini kismen biitirat olma
tzere, kisa zincitli yag asitlerini tireterek gosterdikleri
bilinmektedir =~ (Walker ~ ve  Lawley,  2013).
Kolonositlerin ana enerji kaynaginin bitirat oldugu
(Roeddiger, 1980) g6z oniinde bulundurulursa,
epiteliyal hiicre proliferasyonu ile tamir ve intestinal
bariyer bitinliginin saglanmasindaki 6nemi daha
net anlagilabilir (Ashida ve ark., 2012). Tum bunlarin
yanisira bitirat, anti-inflamatuvar ve anti-karsinojenik
ozellikleri (Canani ve ark., Siavoshian ve ark., 2000) ile
6ne  cikabilmektedir. Insanlarda kolonda biitirat
treten bakterilerin ana tyeleri Fimmicutes filumuna ait
Lachnospiraceae ve Ruminococcaceae ailesi olmakla birlikte,
diskidaki miktarlart degisken olup, ilseratif koltitiste
dahil disbiyotik durumlarda siklikla azalmaktadir
(Halfvarson ve ark., 2017; Nagao-Kitamoto ve
Kamada, 2017). Benzer olarak yine kEnt’li kedilerde
butirat treten bakterilerin sayilarinda azalma tespit

edilmistir (Marsilio ve ark,, 2019). Inflamatuvar
bagirsak hastaligi bulunan kedilerde fekal mikrobiyom
analizleri, tek degiskenli ve de LEfSE analizleri ile
incelendiginde, inflamatuvar  bagirsak  hastaligt
bulunan kedilerde fakiltatif anaerobik taksa altinda,
Firmicntes tilumunda [Raminococcaceae ve Turicibacteraceae
aileleri|, Actinobacteria  |Bifdobacterium — genusu]  ve
Bacteroidetes  filumlarinda azalma belirlenirken; yine
fakiltatif anaerobik taksa altinda Ewnferobacteriaceae ile
Streptococcaceae  ailelerinde  artis  tespit  edilmistir
(Marsilio ve ark., 2019). Ozellikle kEnt’li kedilerde
Ruminococcaceae ailesine  mensup  tirlerin -~ diskidaki
kiimesel yogunlugu ile bitirat konsantrasyonlari
arasindaki iliskinin belitlenmesi, bu taksona ait
bakterilerin fonksiyonlarinin daha net
degerlendirilmesine olanak saglayacaktir (Matsilio ve
ark., 2019). Cahsmamizda yaptigimiz OTU analizleri
dogrultusunda kEnt mevcut kedilerde Ruminococcaceae
[Analizi gerceklestirilen 8 olguda bagl bolluk
minimum-maksimum 9%0-2.7, ortalama %0.08 ve
medyan %0.7) ve Turicibacteraceae (-) aileleri], daha
distik  miktarda  saptanirken;  Enterobacteriaceae
(minimum-maksimum % 0.2-8.2, ortalama %03.3,
ortanca %1.7) ile Streptococcaceae (minimum-maksimum
% 0-28.8, ortalama %5.01, ortanca %00.05) ailelerinde
artts tespit edilmistir (Sekil 15 — 16, Tablo 2).

Inilin tipinde fruktanlarin kolon fermantasyonu
esnasinda en o6nemli etkilerinden birisi
bifidobakteriyel sayilarda arti, diger bilinen ismi ile
‘bifidojenik etkidir ki (Gibson ve Roberfroid, 1995;
Roberfroid ve ark., 1995), aynt zamanda kolon bitirat
tretimi de uyarilarak, bu kez de ‘bitirojenik etki’
(Falony ve De Vuyst, 2009; Morrison ve ark., 2006;
Tsukahara ve ark., 2003) saglanir. Bu ‘bifidojenik etki’
ile ‘butirojenik etki’ konake¢i saglhgi acisindan son
derece 6nem arz etmekte ve bifidobakterilerin bitirat
tretemedikleri bilinmektedir (Falony ve De Vuyst,
2009; Falony ve ark., 2006; Makras ve ark., 2006; Van
der Meulen ve ark., 2004). Bagirsak mikrobiyomunun
dengelenmesinde  katkist  bulunan  bifidobakteri
tiirlerinin yani sira kolon epiteliyal hiicrelerinin 6nemli
enerji kaynagi konumundaki bitiratin  intestinal
htcrelerde gelisim ile gen ekspresyonlarinda rol almast
ile gerek kolitisten gerekse kolorektal kanserden
korunma saglanmaktadir (Falony ve De Vuyst, 2009;
Hamer ve ark., 2008; Macfarlane, 1991; Scheppach ve
Weiler, 2004). Calismamizda kEnt’li kedilerde coklu
sus iceren degismeli takvim probiyoterapi kapsaminda
rektal yolla kullandan bifidobakteri suslarinin  da
benzer etkiyi gdstermis olmast muhtemeldir. Yine
calismamizda degerlendirdigimiz, bitirat Gretemedigi
ve genomlarinda bitirat Uretimine ait yolaklar
bulunmadigi bilinen 41t bifidobakteri (Klijn ve ark.,
2005; Makras ve ark., 2005) suslarinin besinsel
Ogelerle karsilanan intlin tipinde fruktanlara iliskin
gelisiminde ve bitirat iretiminde artiga, dolayistyla da
‘bifidojenik etki’ye eslik edebilecek ‘butirojenik etki’yi
kisa siirede gosterebilecegi diistintilmiistir (Falony ve
De Vuyst, 2009; Motrison ve ark., 2006; Tsukahara ve
ark., 2003). Elde ettigimiz bulgular, c¢alisma
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protokoliimiiz icerisinde yer alan 3’14 bifidobakteri
suslarinin sagaltimda diger suslara ilave olumlu yénde
katki sunmast yontinden degerlidir. Séyle ki klinik ve
laboratuvar  bulgulardaki ~ degisim ve meFkEal
skorundaki (Jergens ve ark., 2010) azalma diger
probiyotik suslarinin yant sira bifidobakterlerle de
iliskide olabilir. Tlaveten calisma sonuclarmnin olumlu
yonde teskilinde (meFkEal dahilinde gastrointestinal
bulgular 0-3 arasinda degiskenlerin iz disimi) yine
coklu sus probiyoterapi uygulamasina bagli olarak (her
ne  kadar  OSlcllemese  de),  butirik  asit
konsantrasyonunun yikselebilecegi (Paturi ve ark.,
2012) one surilebilir. Bununla birlikte ¢alismamizda
secilen suglar; bagirsak  duvarinin  savunmasint
glclendirmek Uzere siki/ara baglanti proteinlerinin
ekspresyonunu arttirmis (Cresci ve ark., 2014; Peng ve
ark., 2009), béylelikle dolasima salnan bakteriyel
komponentler olan lipopolisakkaridlerin
translokasyonu sonrast sekillenen proinflamatuvar
cevapta azalmaya (Cani ve ark., 2008; de La Serre ve
ark., 2010) sebep olmus da olabilir.

Bifidobacterium spp. ve Lactobacillus spp. genusuna dahil
olan mikrobiyota tyeleri genel olarak giivenli ve gi
kanalda artiglar1 ile birlikte konaker yararina olan
unsurlardir.  Yapilan bir ¢alismada uygulanan L.
plantarnm Z1P001  susu, enterotoksijenik Escherichia
colfnin bagirsak gecirgenliginde artist azaltmus, TJ
proteinleri olan claudin-1, occludin ile ZO-1
seviyelerindeki ~ azalmayt da  hafifleterek  pro-
inflamatuvar sitokinlerden 11.-6, II.-8 ve TNF«
ekpresyonunu asagi yonde regile etmistir (Wang ve
ark, 2018). Aynt calismada ayrica L. plantarum 71.P001
susunun intestinal bariyer fonskiyonlarini olumlu
yonde degistirerek bagirsak epitelyumunu
gliclendirmis ve bagirsak mikrobiyotasint modiile
etmistit. Domuz yavrularinda yapilan bu calismada
elde  edilen  butirat  dreten  bakterilerden
Apnaerotruncus ve Faecalibacterinm sayilarindaki artis ve
buna karsin epiteliyal inflamasyona yol agan
Clostridium ~ sensu  stricto 1 hucresel  yogunlugunda
azalmanin, L. plantarnm Z1.P001 susunun etkinligine
baglt olarak gelistigi disinilmistir (Wang ve atk,
2018). Insanlarda yapilan bir calismada benzer sekilde
L. plantarum 1S 10506 takviyesinin kisa zincirli yag asit
profilinin tamamina (asetat, propiyonat ve butirat)
etki ettigi gorilmustir (Kusumo ve ark., 2019). L.
plantarnm  299v  susunun, antibiyotiklerin kolonik
fermentasyon tzerinde olusturdugu negatif etkileri
azaltarak tersine cevirebildigi, Clostridium difficile ile
iliskili ntiks edici karakterde ishallerde yararh etki
saglayabilecegi de bildirilmistir (Wult ve ark., 2007).
Calismamizda  uyguladigimiz ¢oklu  probiyotik
sagaltuminda da kullanilan ve sagaltim
protokolimiizde (Ural, 2019a; Ural, 2020b) yer alan
L. plantarum diger arastrmacilarin  bahsettigi gibi
kolonik fermantasyon Uzerine etki ederek, anti-
inflamatuvar aktivitede bir artis saglamis ve bu
olgularimizda yarar géstermis olabilir.

Calismamizin temel sagaltim molekillerinden olan
(mikrobiyom  odakll) _A.  muciniphila  [bagirsak

mikrobiyotasinin anaerobik tyesi] giincel olarak, yeni-
jenerasyon probiyotik (Ashrafian ve ark., 2021) ya da
‘Bagirsak Mikrobiyomu Rénesanst” olan medikal bir
probiyotik  (Pendulum  Therapeutics)  olarak
adlandirlmaktadir. Tlk olarak 2004’te izole edilen A.
muciniphila, 1) enerji  depolanmasi, i)  insilin
duyarhiliginin arttirtlmas, iif) instilineminin ve plazma
total kolesteroliiniin azaltilmasi, iv) inflamasyonu
kontrol altina alan endokanabinoidlerin intestinal
seviyelerinin, bagirsak bariyer fonksiyonlarinin ve
bagirsak peptid sekresyonunun (insanda ve fare
modelinde) artirilmast gibi etkileri ile tim viicutta
metabolik faaliyetlerle etkilesimde bulunmaktadir
(Everard ve ark., 2013; Depommier ve ark., 2019).
Kopeklerde antibiyotik uygulamalart  sonrast A
nincingphila'nin i kanal iliskili sistematik biyobelirtecler
ve epiteliyal hasarlanma tlzerine etkilerine yonelik
olarak arastirilmalar da mevcuttur (Jugan ve ark.,
2018). Calismamiz, oldukea gilincel ve 6nemli olan A.
muciniphila’'nin, halen tlkemizde ve hatta su an icin
diinyada rektal enema seklinde kullanildigy, ilk veya
oncu ¢alismalardan biri durumundadir.

Akkermansia-benzeri  bakterilerin - memeli  bagirsak
mikrobiyomu alemi icerisinde alfa- ve beta-dagilimina
yonelik  [sekans derinligindeki  kisithiliklar  veya
incelenen/6rneklemi yapilan hayvanlarda varlhiginin
tespit edilemeyisi| yeterince arastirma
belirememektedir. Bunun yani sira Akkermansia'nin
olduke¢a dustik prevalansa sahip olmast ve kedi ile
kopeklerin ince bagirsak mikrobiyomunda baskin tye
olmayist yapilan analizlerde tespit edilemeyisini
aciklayan bir durum olabilir. Bu durum kedi ile
kopeklerin ince bagirsak mukozal katmaninin ince ve
daha dustk ckojentiye sahip olusuyla ilgili olabilir.
Anilan  faktorler  biyokimyasal — kosullar  (safra
mevcudiyeti vb.) gi kanalda mikrobiyel yasami
kisttlayter faktorlerdir. Ozellikle kopekler ve kismen
de kedilerde yiiksek oranda soy ici ireme s6z konusu
oldugundan, mikrobiyotalar: yetistiricilik faktori ile igi
ice geemis olabilir (Garcia-Mazcorro ve ark., 2020).
Degisik  ireticilerden temin edilen laboratuvar
farelerinde oldukea farkli mikrobiyom ile karsilagilmus,
Akkermansia spp.  mevcudiyetinde  belirgin - farklhilar
gorilmistir (Xiao ve ark., 2015). Kedi ile képeklerde
gerceklestirilen fekal mikrobiyota analizlerinin pek
cogunda VVerrucomicrobia belitlenemese de 12 sagliklt
kediden T’inde c¢ok digsik kiimesel yogunlukta
(%0.01) Akkermansia saptanan arastirmalar mevcuttur
(Handl ve ark., 2011). Yine giincel bir calismada evde
bakilan 46 kediden %0.11'inde fekal Verucomicrobia
kiimelenmesi tespit edilmigtir (Jha ve ark., 2020).
Calismamizda analizi gerceklestirilen 8 olgudan
birisinde (6 nolu olgumuz), %0.5 oraninda fekal
Verrucomicrobia filumuna ait tespit yapilmis olup, diger
orneklerimizde ise %0 oraninda belirlenmistir.
Calismamizda,  Verrucomicrobia, —c__V ervucomicrobiae,
o___Verrucomicrobiales; £__Akkermansiaceac’nin [sirast ile
filum, smuf, sira, aile ve genus diizeylerinde] 6 no’lu
olguda %0.5 bagl bollukta tespit edilmesi,
Akkermansiaceagnin kedilerde yapilacak mikrobiyom
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analizlerinde dogal olarak bulunabileceginin 6nemli
bir isareti olabilecegi kanaatine varilmustir.

SONUGC

Insanlarda 1BH’ye benzer sekilde kedilerde de
bagirsak disbiyozisin patojenik rol alabilecegi ve
¢6ziimiin bir parcasinin ébiyotik dengenin saglanmast
olabilecegi, bu calismada ortaya koydugumuz glcli
verilere [)) 8/10 olguda sagaltim Oncesi bagirsak
mikrobiyom analizleri, i)klinik skorlarda belirgin
gerilemeye eslik edecek sekilde diskt
kompozisyonunun gozle gorilir sekilde diizelmest,
iij)rektal enema ile uygulana probiyotik susunun
Akkermancia municphilia dahil ¢oklu sus icermesi ve bu
icerige karst iyl yanit alinmasi, iv) calismaya dahil
edilen olgularin 6-9 ay stiren takip/monitotizasyon
streclerinde olumsuz degisiklik, geriye doniis ya da
niks gézlemlenmemesi, vb. sebepletle] baglt olarak
ileri strdlmistur. Kanaatimizce hastaligin
kontrolinin kedilerde mikrobiyom odaklt sagaltim
prensipleri ile de miimkiin olabilecegi, rektal enema ile
baska, farkli ve yeni sagalim modellemesinin (en
azindan bu calisma kapsamina alinan) calismamizdaki
kedilerde uyguladigimiz hali ie biyik yarar
saglayacagt kanaatine varlmustir. Non-patojenik
minicanlilari iceren probiyotiklerin dogru sus tercihleri
dahilinde bagirsakta Sbiyotik  dengenin  tesisinde
yararll minicanllar lehine pozitif etki ile dengeyi
degistirebilecegi, mikrobesinsel unsurlarin emilimini
gelistirebilecegi ve tim bu yonleri ile insanlarda
IBH’da oldugu gibi (Bernstein, 2015; Hajela ve ark.,
2015), kanatimiz ve OngOrilerimizin yani sira elde
ettigimiz bulgularla kEnt’li kedilerde de hastalik
aktivitesini olumlu yénde degistirebilecegi 6ne strile
bilinir. Probiyotik enema ile yaptigimiz 6nceki
calismalarimizda (Ural ve ark., 2021; Ural ve ark,
2021) probiyotiklerin benzer sekilde hedef noktaya en
yakin yerden birakidmasinin, mide asidi ile ve/veya
safra asitleri ile temas riskini by pass etmesinin yani
sira protokolde yer alan, A. muciniphila gibi yeni
jenerasyon, obligat kemoorganotrofik ve mukus
degrade eden yararli bir bakteri i¢in kolon’da ihtiyac
duydugu optimum gelisim pH’sindaki ortama olanak
saglayacagt (6.5) (Geerlings ve ark., 2018), oldukca
yakin kedi kolonu pH’s1 [beslenmeye bagh degismekle
birlikte (6.2)], (Williams, 1965) ve bu yéntemin benzer
tim yararli probiyotik minicanlilarin maksimum etki
gOstermesine sebep olabilecegi de dustintilmiistiir.

Cikar catigmasi: Bu calismada c¢tkar catismast
bulunmamaktadir.

Yazarlarin Katki Orant: Yazarlar makaleye esit
oranda katki saglamis olduklarint beyan etmislerdir.
Etik izin: Aydin Adnan Menderes Universitesi
Hayvan Deneyleri Yerel Etik Kurulu tarafindan
64583101/2021/150 numara ile bu calismanin izni
alinmustir.

Finansal destek: Bu calismada finansal destek
bulunmamaktadir.
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ABSTRACT

The planned research aimed to determine the effect of clinoptilolite (zeolite), which is known to have preventive
and therapeutic effects against diarrhea in calves, on the abomasal emting rate. In this context, the Holstein breed
neonatal calves of both sexes were divided into two equal groups (n=7). Zeolite (1 g/kg) and acetaminophen (50
mg/kg) were added to the milk of the calves in the zeolite group, and only acetaminophen was added to the
control group. Blood samples were taken at 0. minutes before the application and 30., 60., 90., 120., 180., 240.,
and 300. minutes after the application. Considering the changes in plasma acetaminophen concentrations in time-
dependent plasma levels, it was determined that there were no significant changes at the end of the study between
the zeolite and control group calves. On the other hand, when the time to reach the maximum concentration of
both groups was examined, it was observed that the Tmax time was significantly lower than the calves in the
control group, and the acetaminophen absorption was higher in the calves treated with zeolite. Abomasal
emptying time was insignificantly shorter in zeolite-treated calves compared to control group calves. It was
determined that zeolite, which has a prophylactic and therapeutic effect against diarrhea, does not have a negative
effect on abomasal emptying and is a safe agent to use.

Keywords: Abomasal emptying, Acetaminophen, Calf, Clinoptilolite, Zeolit

*kkk
Buzagilarda Klinoptilolit (Zeolit) Uygulamasinin Abomazal Bogalma Oranina Etkisi
oz

Planlanan calismada buzagt ishallerinde koruyucu ve tedavi etkinligi bilinen klinoptilolitin (zeolit)” in abomazal
bosalma oranina etkisinin belitlenmesi amaclandi. Bu kapsamda holstein ki, her iki cinsiyetten, st emme
dénemindeki buzagilardan esit sayida (n=7) 2 grup olarak belirlendi. Zeolit grubunda bulunan buzagilara siit
icerisine zeolit (1 gr/kg) ve asitaminofen (50 mg/kg) ilavesi, kontrol grubuna ise yalnizca asetaminofen ilavesi
yapildi. Kan 6rnekleri uygulama 6ncesi 0. dk ve uygulama sonrasi 30., 60., 90., 120., 180., 240. ve 300., dakikalarda
olacak sekilde alindi. Plazma asetaminofen konsantrasyonlarinin zamana bagli plazma seviyelerinde degisimler goz
6ntne alindiginda, zeolit ve kontrol grubu buzagilart arasinda ¢alisma sonunda anlamh degisimlerin bulunmadig:
belirlendi. Diger taraftan her iki grubun maksimum konsantrasyona ulagsma siireleri incelendiginde Tmax stresinin
kontrol grubunda bulunan buzagilara gére anlaml derecede dusiik oldugu ve zeolit uygulanan buzagilarda
asetaminofen emilimin daha yiiksek oldugu gbzlemlendi. Zeolit uygulanan buzagilarda abomazal bosalma zamant
kontrol grubu buzagilarina gore istatistiksel 6nem olusturmayacak seviyede daha kisa siirede gerceklestigi tespit
edilmistir. Bu nedenle ishale karst profilaktik ve terapotik etkisi bulunan zeolitin, abomazal bogalma tzerine
olumsuz bir etki olusturmadigt ve glivenle kullanilabilecek bir ajan oldugu séylenebilir.

Anahtar kelimeler: Abomazal bogsalma, Asetaminofen, Buzagi, Klinoptilolit, Zeolit
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GIRIS

Ruminant beslemede yaygin olarak kullanian
klinopitolit (zeolit) bircok alanda Onemli faydalar
saglamaktadir. Zeolitin 6zellikle detoksifiye edici
(mikotoksinler ve agir metaller dahil), antioksidan,
hemostatik, ishal Onleyici, buyimeyi tesvik edici,
antiviral, antibakteriyel ve immiin sistemi uyarici ajan
olarak kullanddigi bildirilmektedir (Paveli¢ ve ark,
2001; Valpotic ve ark, 20106). Klinopitolitler stit
ineklerinde metabolik, endokrin ve antioksidatif
mekanizmayt modile etmesine bagl olarak saglk ve
treme ile iligkili paremetreleri iyilestirdigi ve siit
verimi gibi bircok parametre tzerinde olumlu etki
yaptigt bildirilmektedir (Karatzia ve ark, 2013).

Abomazal bosalma (AB), abomazumun iceriginin
pylorusun acilmasiyla meydana gelen koordineli
kasilmalarla duedonuma tasinmasindan sorumlu olan
pylorik  antruma  tasinmasidir.  Duodenumun
baslangiciyla bitleserek igerik intestinal sistemde daha
ilerilere tasinir (Malbert ve Ruckebusch, 1988, 1991;
Ruckebusch ve Pairet, 1984). Abomazum motilitesi
ve bosalmasi, néronal ve hormonal mekanizmalarla
saglanmaktadir. Buzagilarda beslenme stratejisindeki
bu gelismeler, gidanin bagirsaklara gegene kadar
abomazumda kaldigi streyi ifade eden AB siiresini
etkilemektedir. Abomazal gecis stiresini uzatan
beslenme stratejilerinin etkisiyle gidanin daha fazla
abomazumda kalmasi gastrointestinal gaz olusumu ve
siskinligin ~ olusmasina ortam  saglayabilmektedir
(Songer ve Miskimins, 2005). Gastroparezis ya da
midedeki bosalmanin gecikmesi beseri hekimlikte
daha ayrintilh olarak tanimlanmakta ve gastro6zefagal
refluks, abdominal agri, kusma, siskinlik ya da
istahtaki azalma gibi multifaktSriyel anormalliklerle
iliskilendirilmektedir (Pasricha ve Parkman, 2015).
Sit ikame yemleri ile beslenen buzagilarin beslenme
icin aldiklart miktar, besin igerikleri ve sinditim
duzeylerinde farkliliklarin bulunmasina baglt olarak
sit ile beslenen buzagilar ile kiyaslandiginda, siit
ikame yemleri ile beslenen buzagilarda sindirim
problemlerinin daha yaygin oldugu bildirilmektedir
(Constable ve ark, 2006; Marshall, 2009). Abomazal
bosalma hizi (ABH); tliketilen yemin hacmi,
osmalaritesi, motilitesi, luminal basing abomazal
duvar kontraksiyonlari, icerigin viskositesi,
antraduedonal koordinasyon ile pylorik diren¢ gibi
bircok faktérden etkilenebilmektedir (Thomas ve ark,
1934; Thomas, 1957; Schulze- Delrieu ve Brown,
1985). Bir¢ok yontem  buzagilarda AB’ 1n
belirlenmesinde  kullanilabilmektedir. =~ Abomazal
bosalmanin  belitlenmesinde  genellikle;  direk,
indirekt, invaziv ve non- invaziv yOntemler
kullanilmakta olup nadiren uygulamast sinirli olan
Niukleer —sintigrafi gibi deneysel yontemlerde
kullanilmaktadir. ~ Asetaminofen  absorbisoyonun
ortaya ¢ikmasi/ anlagtlmasit sitten kesilmemis
buzagilardaki eliminasyon hizindan ¢ok daha hizlidir.
Maksimal asetaminofen konsantrasyonu (Cmax) ve

maksimal  asetaminofen  konsantrasyon zamant
(Tmax) oral alimi takiben abomazal bosalma hizina
baglt olarak degisir. Asetaminofen absorbsiyonu stitle
beslenen  buzagilarda  abomazal  bosalmanin
Slgiminde kullanildigr bildirilmistir ve Tmax diizeyi
bosalma hizt bakimindan en dogru bilgiyi vermektedir
(Marshall ve ark, 2005).

Planlanan calisma ile buzagilarda ishale karst koruyucu
ve tedavi edici etkinligi bilinen zeolit'in AB oranina
etkisinin belirlenmesi amaclandt.

MATERYAL ve METOT

Calismanin hayvan materyalini; holstayn irki, her iki
cinsiyetten, sit emme donemindeki (10-20 giinlik)
saglikli oldugu belitlenen buzagilar  olusturdu.
Buzagilar genel klinkk muayene bulgulart  ve
laboratuvar bulgular: temelinde yapian incelemeler
sonunda secildi. Saglikli oldugu belitlenen (n=14)
buzagilar ¢alismaya alinarak sit icerisine zeolit ve
asetaminofen ilavesi yapilan (Grup 1, n=7) ve yalnizca
asetaminofen ilavesi yapilan hayvanlar (Grup 1I, n=7)
olacak sekilde iki gruba ayrildi. Her iki gruba da
secimleri yapilan hayvanlarin uygulama sonrasi genel
saghk muayeneleri kapsaminda kalp vurum sayis,
solunum sayist ile birlikte perianal bolge temizlik
skorlart kayitlart gerceklestirildi.

Calisma  kapsamunda  degerlendirilmeye  alinan
hayvanlar aksam stit emme isleminin ardindan 12 saat
boyunca a¢ birakildi ve adlibitum su alimi disinda
herhangi bir oral uygulama yapimadi. Grup I’ de
bulunan buzagilarin biberonlarina siit ile zeolit (1
gr/kg, Natmin 9000, Turkiye), (Ural ve digetleri,
2016), ve asetaminofen (50 mg/kg) (Parol tablet,
Atabay Kimya San. ve Tic. AS, Istanbul, Tiirkiye)
karistirlldiktan sonra besleme islemi gerceklestirildi.
Grup II’de yer alan buzagiarda benzer sekilde 12
saatlik aclik gerceklestirildikten sonra icecegi siitiin
icerisine asetaminofen (50 mg/kg, Marshal ve atk,
2005) ilavesi yapilarak besleme islemi gerceklestirildi.

Saglikli olarak ¢alismaya dahil edilen kontrol grubu ve
zeolit grubundaki buzagilardan kan 6rnekleri besleme
islemi baslamadan hemen 6nce (0. dk) ve besleme
islemi gerceklestirildikten sonraki 30, 60, 90, 120, 180,
240 ve 300. dakikalarda teknigine uygun olarak
V jugularis  Uzerineden IV katater yardimi ile
gerceklestirilip her seferinde 2 ml. olacak sekilde
lithyum hepatin ihtiva eden tiiplere (BD®, Tiirkiye)
alindr.

Ornekler 3500 dev/dk da santrifiij (Hettich, Almanya)
edilip elde edilen plazma O6rnekleri ayristirdip
ependorf tiiplere aktarildi. Tum plazma Ornekleri
analiz yapilincaya kadar -20 °C saklandi.
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Asetaminofen Ol¢iimlerinin gerceklestirilmesi amact
lle plazma O6rnekleri maksimum iki hafta stre ile
saklandi. Olgiimler spektrofotometrik analiz metodu
prensibine dayali olarak otoanalizér (Randox,
Ingiltere) yardimu ile ticari test kitleri (Cambridge Life
Sciences, Ingiltere, LOT: 21690) kullanilarak iretici
firmanin tanimladigt sekilde gerceklestirildi.

Planlanan c¢alisgma kapsaminda elde edilen veriler
ortalama ve standart sapma olarak tanimlandi.
Maksimum plazma asetaminofen konsantrasyonu
(Cmax), maksimum plazma asetaminofen
konsantrasyonu zamant (Tmax) ve egrinin altindaki
konsantrasyon alant (AUC) farklt zaman dilimlerinde
olacak sekilde her iki grupta da belirlendi.
Farmakokinetik ~ parametrelerin = belirlenmesinde
Pksolver (Zhang ve ark, 2010) programindan
yararlanid. Abomazal  bosalma  oranlarinin
kargilastirilmasinda Cmax, Tmax ve AUC degerlerinin
karsilastirilmasindan yararlanildi. Bu kapsamda her iki
gruptan elde edilen verilerin degerlendirilmesinde T
testinden  yararlamilarak  non-parametrik  Mann-
Whitney U testi ile sonuglarin  saglamalar
gerceklestirildi. Istatistiksel analizler SPSS 24.0 (IBM,
Amerika) programindan yararlaniip, p<0,05 degeri
istatistiksel anlamli olacak sekilde kabul edildi.

5

20

10

Parasetamol konsantrasyonu (pg/mL)

BULGULAR

Uygun sartlarda bekletilen buzagilarin kalp atimy,
solunum sayisi, beden 1sist gibi klinik parametreleri
yant stra digskt skorlart belirlenerek kayit altina alindr.
Bu kapsamda buzagilarin her iki grupta da beden
ssilatinin ortalama 38,7 °C oldugu kalp frekanslarinin
ortalama 120,4 vurum/dk seviyesinde seyrettigi
belirlendi. Calisma gruplarinda bulunan buzagilarin
hemen tamaminin diskilarinin katt kivamda oldugu ve
ortalama 2 saatte bir kez diskilama gerceklestirdigi
perianal bélgelerinin digsk: ile kitflenmemis oldugu
tespit edildi. Klinik muayenelerin hemen akabinde
aliman 0. dk kan o6rneklerindeki hematolojik
degerlendirmelerde  buzagilarin  saglikli  olduklar
belirlendi.

Aragtirmada kullanilan buzagilarin klinik
degerlendirmeleri her 6rnekleme zamanlarinda (30,
60, 90, 120, 180, 240 ve 300.dk) tekrar edildi ve
ozellikle digkilama siitelerinde ve diski kivamlarinda
degisimin olmadigt belirlendi. Deneysel ¢alisma
agamasinin  ve Ornekleme islemlerinin  sonunda
buzagilarin tamaminda genel durumlarinda bozulmay:
tanimlayan herhangi bir klinik tabloya rastlanmadi.

Calismamiz sonucunda elde edilen asitaminofen
absorbsiyon  testi  sonuglarimin  farmakokinetik
degerlendirmelerinde  maksimum  konsantrasyon
(Cmax), maksimum konsantrasyona ulagsma stiresi
(Tmax) ve egri altinda kalan AUC degetlerine ait
veriler Sekil 1 ve Tablo 1’de sunuldu.

-
- Zeolit
Kontrol

120 180 240 300
Zaman (dk)

Sekil 1. Plazma asetaminofen konsantrasyonlarinin zamana bagl degisimi (Ort = SH)
Figure 1. Time-dependent variation of plasma acetaminophen concentrations
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So6z konusu farmakokinetik parametreler
incelendiginde, zeolit uygulanan ve kontrol grubu
buzagilarinda Cmax degetlerinin  zeolit uygulanan
grupta daha yiiksek oldugu ancak her iki grup
arasindaki farkliligin istatiksel bir 6neminin (p>0.05)
bulunmadigr belirlendi. Her iki grupta bulunan
buzagilarin  maksimum  konsantrasyona  ulagsma

streleri incelendiginde ise zeolit uygulamasinin Tmax
stresinin kontrol grubu buzagilarina gore anlaml
derecede (p=0.038) diisik oldugu ve zeolit uygulanan
buzagilarda asetaminofen emiliminin daha hizli bir
sekilde yiiksek konsantrasyonlarda sekillendigi tespit
edilmistir

Tablo 1. Zeolit kullanilan buzagilarda abomazal bosalma zamanina ait farmakokinetik veriler
Table 1. Pharmacokinetic data of abomazal emptying time in zeolite-treated calves.

Kontrol (n=7)

Zeolit (n=7)

P degeri
X +SE X +SE
C max (ug/mL) 20,97 1,12 24,63 + 1,76 0,128
T max (dk) 175,71 16,60 120,0 + 11,34 0,038
AUC 60 (ug*dk) /mL 516,54 + 24,81 656,7 * 53,55 0,073
AUC 90 (ug*dk) /mL 959,16 * 36,78 1260,11 * 89,82 0,017
AUC 120 (ng*dk) /mL 1436,34 + 51,10 1935,66 £ 123,10 0,007
AUC 180 (ng*dk) /mL 2540,46 * 96,11 323839 + 218,24 0,026
AUC 240 (ng*dk) /mL 3689,34 * 148,30 4331,59 + 321,41 0,097
AUC 300 (ug*dk) /mL 4640,08 £ 186,61 5237,12 + 392,19 0,259

Asetaminofen konsantrasyonlarinin AUC300
[(ug*dk)/mL] degetlerinde istatistiksel anlamli bir
farkliigin - bulunmadigi tespit edilmesine ragmen
ozellikle AUC90, AUC120, ve AUC180. dakikalardaki
Ol¢timlerinin zeolit uygulanan grupta anlaml (p<0.05)
derecede yiksek oldugu tespit edildi (Tablo 1, Sekil

1.
TARTISMA

Zeolit mineralleri anyonik ve katyonik yapilarda iyi
tanimlanan Uzerinde bosluklar ve kanallar ihtiva eden
absorban  niteligi  ylksek  gbzenekli  hidrath
aminosilikat yapida mikroporéz dogal bilesiklerdir
(Sangeetha ve Baskar, 2016). Bu yapisindan dolayt
kirli sularin aritdmasi, kataliz  stirecleri, niikleer
atiklarin bertarafi, ziraat, yem katki maddeleri ve diger
biyokimyasal =~ uygulamalar gibi  bir¢cok alanda
kullanilmaktadir  (Sangeetha ve Baskar, 2010).
Zeolitin  Ozellikle medikal anlamda  kullanilan
formunun iyon degisimi ve absorbsiyon kapasitesi
nedeni ile klinoptilolit oldugu ifade edilmektedir
(Mumpton, 1999; Nadziakiewicza ve ark, 2019).
Klinoptiloliti egsiz kilan bu 6zelliklerinin baginda iyon
degisim kapasitesinin  ylksekligi toksik ajanlarin
uzaklastirilmasi olarak nitelendirilmektedir. Ruminant
sahada stit¢l sigirlarda klinoptilolit kullanimina bagl
olarak rumen fermentasyon sireclerinin regiile

edildigi ve besin bilesenlerinin absorbsiyonunda
olumlu yonde degisimleri beraberinde getiren
sonugclarin yansimalart ifade edilmektedir (Dschaak ve
ark, 2010). Bu O6zelliklerinin yaninda inflamasyon
sireglerine de etki ettigi, akut enflamasyon
sireglerinde ve immun yamt ile iliski icerisinde
bulunan komplement 3, FN1, protrombin, alfa 1B
glikoprotein, haptoglobulin, seruloplazmin, beta-2-
glikoprotein 1 gibi parametrelerin  degerlendirildigi
arastirmada klinipoitilolit ile beslenen sigirlarda s6z
konusu biyobelirte¢lerin seviyelerinin distik seyrettigi
belirlenmistir (Maity ve ark, 2021).

Ruminantlar agisindan neonatal dénem olarak kabul
edilen dogumdan sonraki ilk 21 giinliik stre icerisinde
buzag: ishalleri ve ishale bagli dogan sonuglar
yetistiricilerin ~ ekonomik anlamda bu dénemi
yonetmesini zotlastirmaktadir (Constable ve ark,
2021). Yapilan son caligmalarda ishalin tedavisinden
cok profilaktik uygulamalarin 6nem kazandigi bu
ama¢ dogrultusunda Klinoptilolit gibi medikal 6nemi
yiksek ajanlarinda da  yetistiricilik  anlaminda
profilaktik asamalarda yalnizca yem katkisi olarak
eriskin sigirlarda degil, buzagilarda da ishalin yénetimi
anlaminda kullanilmaya baslandig1 gbzlemlenmektedir
(Grce ve Pavelic, 2005; Cerbu ve ark, 2020). Ayrica
buzagilarda neonatal dénemde 6nem arz eden pasif
transfer immunitesi tzerinde zeolitin olumlu yonde
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etki ettigi bildirilmektedir (Marc ve ark, 2018).
Arastrmamiz  kapsaminda  kullanilan  buzagilar
profilaktik amagla daha 6nce klinoptilolit kullanilan
buzagilardan sec¢ilmemis olup ilk uygulamanin nasil
bir etki dogurdugunun  belitlenmesi  lzerine
kurgulanmistir. Bu kapsamda buzagilara uygulanan
klinoptilolit sonrasinda diski kivaminda bir degisim
olmadigr klinik olarak da gerek kalp atimlarinda
gerekse de solunum sayilarinda fark edilebilir
degisimlerin bulunmadigt tespit edilmigtir. Konu ile
ilgili yapilmis arastirmalar incelendiginde eritromisin
ve betanekol uygulamalarinin ishalli buzagilarda
uygulanmasi sonrasinda diskt kivaminin daha da
kotilestigi ve diskilama sikhiginin arttigl prematire
buzagilarda ise digkilamanin uygulamanin akabindeki
180. dakikada basladigt belirtilmektedir (Engin, 2014).
Benzer sekilde buzagiarda degisen dozlarda sisaprid,
betanekol ve her iki ilacin kombine halde
kullamimlarinda da buzagilarin  aragtirmanin  180.
dakikasindan sonra ishal durumunun gozlemlendigi
rapor edilmektedir (Giizelbektes ve ark, 2017).
Arastirmamiz sonuclari ile kiyaslandiginda klinoptilolit
uygulanan buzagilarin diski kivamlarinda bir degisim
belirlenmedigi  herhangi  bir ishal tablosunun
sckillenmedigi  tespit  edilmistir. Bu  farkldik
klinoptilolitin zaten ishal olusumunu engelleyen ve
yukaridaki ¢alismalarda da bahsedilen absorban
6zelliklerinden  kaynaklandigin1 ~ diistindiirmektedir.
Abomazal motilite bozukluklar: stit¢ti sigirlarda yaygin
olarak gorilmekte ve etiyolojisinde siklikla yetiskin
sigirlarda abomazumun sola deplasmani, abomazal
volvulus ve abomazal siskinlik rol oynarken,
buzagilarda ise abomazal timpani abomazumun
motilitesinde  bozukluklarina  yol agabilmektedir
(Constable ve ark, 1992). Abomazal motilite
bozukluklarinda prokinetik ajanlarin kullanilabilirligi
ve bu kapsamda da eritromisin, neostigmin,
bethenekol ve metoklopromid gibi ajanlarin
gastrointestinal  motilitenin  azaldigt  durumlarda
sagalima  yardimct  olabildigi  bildirilmektedir
(Dardillat ve Ruckebusch, 1973; Braun ve ark, 1990;
Roussel ve ark, 1994; Wittek ve ark, 2008). Abomazal
bosalma  zamaninin  degerlendirildigi  calismalar
incelendiginde ~ Ozellikle  eritromisinin  bilinen
prokokinetik 6zelliklerinin bulunmasi ile iligkili olarak
calisma gruplart icerisinde negatif kontrol grubu
olarak tanimlandigt gbrilmektedir (Nouri ve ark,
2008; Shabbooie ve Ghane, 2022). Arastrmamiz
kapsaminda abomazal bosalma {lzerine etkinligi
degerlendirilen ve klinoptilolit tizerine planlanan
calismada gruplandirma islemi sirasinda  yalnizca
kontrol ve Kklinoptilolit gruplarinin  olusturulmasi
calismayi kisitlayan bir faktor olarak
degerlendirilmistir. Giincel c¢alisgmalar g6z 6ntne
alindiginda s6z konusu gruplara eritromisin gibi
prokokinetik  etkinligi ~ bilinen  (Dardillat  ve
Ruckebusch, 1973; Braun ve ark, 1990; Roussel ve
ark, 1994; Wittek ve ark, 2008) bir negatif kontrol
grubun daha eklenmesinin karsilastirmali sonuglarin
yorumlanmasina yardimci olabilecektir.

Calisma kapsaminda 1 gr/kg dozda uygulanan
klinoptilolitin abomazal bosalma zaman1 iizerine olan
etkileri ~ asetaminofen  absorbsiyon  testi  ile
belirlenmistit. Bu  kapsamda  degerlendirilen
farmakokinetik parameterler incelendiginde Cmax
degerinin klinoptilolit uygulanan grupta daha ytiksek
oldugu ancak Cmax degerleri acisindan her iki grupta
da istatistiksel anlamli degisimlerin bulunmadig: tespit
edildi. Gruplar arasinda maksimum konsantrasyona
ulagma siireli incelendiginde ise klinoptilolit uygulanan
buzagilarda Tmax siiresinin kontrol grubuna gore
anlamli derecede disik oldugu ve asetaminofen
emiliminin hizli bir sekilde gerceklestigi tespit edildi.
Egrinin altinda kalan alan acisindan ise AUC300
[(ug*dk)/mL] degerinde anlaml farkliligin
bulunmadigt ancak AUC90, AUC120, ve AUC180.
dakikalardaki O6l¢timlerinin zeolit uygulanan grupta
anlamh (p<0.05) derecede ytliksek oldugu tespit edildi.
S62 konusu degisimler  degerlendirildiginde
klinoptilolit uygulamasinin abomazumdaki bosalmayi
kismen hizlandirdigt belitlendi. Ancak  AUC300.
dakika dikkate alindiginda gruplar arasinda anlamh bir
fark olmamasi, abomazal bosalma zamanindaki
degisimler ile iliskili olarak klinik yansimalarin
sekillenmemesini agiklayabilir. Eritromisin, tilozin ve
tilmikosin kullanima bagl olarak abomazal bosalma
hizinin arttigr ve séz konusu ajanlarin prokokinetik
etkilerinin belirlendigi arastirmada kontrol grubuna
gore Cmax degerlerinde istatistiksel bir farkliligin
bulunmadigi Tmax degerlerinin ise belirgin kontrol
grubuna gbre anlamli derecede disiik seyrettigi
belirlenmistit (Nouri ve Constable, 2007). Benzer
sekilde parenteral gentamisin ve eritromisin uygulanan
buzagilarda da Tmax degerlerinin anlamlh derecede
kontrol grubuna kiyasla diisiik oldugu tespit edilmistir
(Nouri ve ark, 2008). Arastirmamiz kapsaminda da
yukarida atfedilen calisma sonuclarina benzerlik
gosterecek  sekilde Cmax  konsantrasyonlarinda
anlamh farkliliklar bulunmaz iken Tmax strelerinde
istatistiksel anlamli azalmalarin bulundugu tespit
edilmigtir. Abomazal bosalmanin yalnizca makrolit
grubu  antibiyotiklerin = yaninda =~ monogastrik
hayvanlarda  gastrokinetik  etkileri ile  bilinen
metakloropamid ~ ve  neostigmin  ile  yapilan
karsilastirilmasinda, neostigmin ve metakloropamidin
abomazal bogalma zamaninda anlamli derecede
degisimlere neden olmadigt belirtilmektedir (Wittek ve
Constable, 2005). Metakloropamidin  belirlenen
etkisinin monogastrik hayvanlardan farkli olarak doza
bagimli buzagilarda sekillenen sentral etkiler nedeni ile
olustugu belirtilmektedir (Zdelar ve ark, 1979; Guard
ve atk, 1988; Wittek ve Constable, 2005). Benzer
sekilde arastrmamiz sonuglart ile karsilastirildiginda
cok farkli dozlarda kullanim potansiyeline sahip olan
klinoptilolitin farkli dozlar temelinde gruplandirilarak
yeni c¢alismalarla doza bagimli degisimlerinin  de
degerlendirilmesi gerektigi diistintilmektedir.

Sonug olarak klinoptilolitin  1g/kg dozda saglikli
buzagilara oral uygulanmasinin abomazal bogalma
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zamaninl kismi dizeyde, olumsuz bir klinik tablo
olusturmayacak sekilde hizlandirdig1 tespit edilmistir.
S6z konusu tablo pratik sahada ishalin profilaksisi ve
sagaluminda  kullanilan  klinoptilolitin - buzagilarda
abomazal bogsalma lizerine olumsuz bit klinik etkinlik
ortaya cikarmadigt ve givenle kullaniabilir bir ajan
oldugunu gostermektedir. Tleride gerceklestirilecek
calismalarda prokokinetik etkileri bulunan diger etken
maddelerin de dahil edilerek farkli dozlarda farklh
Zeolit (dogal/sentetik) formlart ya da aliminyum
silikat bilesenlerinin eklendigi daha fazla grupla
karsilastirmali sonuglarinin degerlendirilmesinin fayda
saglayabilecegi diistintilmektedir.

Cikar Catigmasi: Yazarlar bu yazt icin gercek,
potansiyel veya algilanan ctkar catigmasi olmadigini
beyan etmislerdir.

Etik Izin: Bu c¢aisma ADU HADYEK
64583101/2020/082 sayt ve 17.09.2020 tatih ile izin
almistir

Finansal Destek: Bu tez Aydin Adnan Menderes
Universitesi Bilimsel Arastirma  Projeleri  Birimi
tarafindan  VIT — 21002 proje numarast ile
desteklenmistir.

Yazarlarin Katki Orani: Yazarlar makaleye esit
oranda katk1 saglamis olduklarini beyan etmiglerdir.

Agiklama: Bu calisma Aydin Adnan Menderes
Universitesi Saglik Bilimleri Enstitiisit I¢ Hastaliklart
Anabilim Dalr’'nda “Buzagilarda Klinoptilolit (Zeolit)
Uygulamasinin Abomazal Bogalma Oranina Etkisi”
bashgt ile tamamlanan Yiksek Lisans Tezinin bir
boliminden 6zetlenmisti.
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ABSTRACT

Lysine and methionine are essantial amino acids which have limiting effects on of growth and milk yield.
Primiparous cows are still on their growth phase while starting first lactation. In this study, the effects of
additional rumen protected lysine and methionine administration on some blood metabolism parameters in the
last two months of pregnancy in heifers were investigated. Thirty Holstein dairy pregnant heifers were randomly
divided into two as control and treatment. Control (K) heifers were fed by standard ration prepared in
accordance with the NRC (2001), while Treatment heifers fed by a rumen protected lysine and methionine
supplemented ration. Blood samples were taken from the tail vein (vena coccygea) of all animals at 15-day
intervals and analyzed for glucose, Non-Esterified Fatty acids (NEFA), Beta Hydroxybutyric Acid (BHBA), total
cholesterol (TC), triglyceride (Trig) and immunoglobulin G (IgG). As a result of the statistical evaluation, it was
determined that rumen protected lysine and methionine supplementation did not have a statistically significant
effect on blood glucose, NEFA, BHBA, TK, Trig and IgG concentrations in pregnant heifers. However, more
comprehensive studies are needed to evaluate the differences seen in BHBA and glucose in some weeks and the
numerical increase seen in IgG level in the treatment group.

Keywords: Holstein, IgG, Lysine, Metabolic Parameters, Methionine, Pregnant Heifer
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Gebeligin Son Dénemindeki Holstayn Diivelerde Rasyona Rumen Korumali Lizin Ve Metiyonin
Tlavesinin Baz1 Metabolik Parametreler Uzerine Etkileri

(074

Lizin ve metiyonin gerek buyiime ve gelisme gerekse stt verimi acisindan sinirlayict etkiye sahip amino asitlerdir.
Ilk dogumunu yapan diiveler bir taraftan laktasyona baslarken diger taraftan hala bityiime ve gelisme cagindadirlar.
Yapilan bu ¢alismada ilk dogumunu yapacak olan diivelerde gebeligin son iki ayinda ilave olarak rumen korumali
lizin ve metiyonin verilmesinin bazi kan metabolizma parametreleri Uzerine etkileri incelenmistir. Calismada otuz
adet Holstayn 1rki siitcti gebe diive rastgele 6rnekleme metodu ile iki gruba ayrilmustir. Kontrol (K) grubundaki
divelere NRC (2001) dogrultusunda hazirlanan standart bir rasyon verilmisken, uygulama (U) grubundaki
divelere ise rumen korumalt lizin ve metiyonin takviyesi yapilmis bir rasyon uygulanmustir. Calisma esnasinda
15%er giin araliklarla tim hayvanlarin kuyruk venasindan (vena coccygea) kan o6rnegi alinmistir. Alinan kan
orneklerine glukoz, esterlesmemis yag asitleri (NEFA), beta hidroksi bitirik asit (BHBA), total kolestrol (TK),
trigliserid (Trig) ve immiinoglobilin G (IgG) analizleri yapilmistir. Yapilan istatiksel degerlendirme sonucunda
gebe divelerde rumen korumali lizin ve metiyonin takviyesinin kanda glukoz, NEFA, BHBA, TK, Trig ve IeG
konsantrasyonlart tizerine istatistiki olarak anlamli bir etkisi olmadigt belirlenmistir. Ancak uygulama grubunda
bazi haftalarda BHBA ve glukozda gorilen farkliiklar ile IgG  seviyesinde goérilen rakamsal artisin
degerlendirilebilmesi icin daha kapsamli ¢alismalara ihtiya¢c duyulmaktadir.
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GIRIS

Damizlik stit sigir1 isletmelerinde anag striiye dahil
edilen ikame divelerin biylime ve gelisme dizeyleri
ile bunlardan elde edilen yasam boyu verimlilik ve
karlilik arasinda stki bir iliski vardir (Cady ve Smith
1996). Ancak sanilanin aksine biyime ve gelisme
rasyonun sadece enetji ve protein dizeyiyle iliskili
olmayip hayvanlara enetji ve proteinin rasyonda
dengeli bir sekilde verilmesi ile de iliskilidir
(senkronizasyon). Bu baglamda rasyonun protein
yapist incelendiginde optimum biyime ve gelisme
icin rasyonda blyime ve gelismeyi dogrudan
ilgilendiren esansiyel aminoasitler de yeterli diizeyde
bulunmalidir. Biyiime ve gelismeyi dogrudan
ctkileyen en 6nemli esansiyel aminoasitler lizin ve
metiyonindir (NRC 2001). Bununla bitlikte bu iki
aminoasitin siit verim parametreleri ile de siki iligkileri
vardir.

Gerek siit sigirlart gerekse ikame diveler dogumdan
birka¢ giin 6ncesi ile dogumdan birka¢ giin sonrasi
arasindaki kisa stirede ¢ok biiyik metabolik ve
fizyolojik degisiklikler yasamaktadirlar (Grummer
1996). Dogum 6ncesinde ¢ok yiksek diizeyde kaba
yem ve sindirilebilir madde agisindan digiik bir diyetle
beslenen diive ve siit sigirlart dogum sonrasinda hizla
yikselen stt verimini karsitlamak icin ¢ok yiksek
dizeyde konsantre yem ve ¢ok yiksek sindirilebilir
besin maddesine sahip rasyonla beslenmeye baslarlar
(Overton ve Waldron 2004). Buna ragmen rasyon
enerjist  sut ile  vicuttan  atlan  enerjiyi
karsilayamamakta ve hayvanlar negatif enerji dengesi
altina girmektedir. Bu durum ciddi oranda viicut depo
yagiun mobilizasyonuna ve karacigere ulasmasina
sebep olur. Dolayistyla karacigerde basta yag asidi
metabolizmast olmak {izere enerji lretim ve
dontstirme sistemleri ciddi oranda zarar gorir ya da
yavaslar. Boyle bir tablo ketosiz ve yagh karaciger gibi
metabolik hastaliklarin gelismesine zemin hazirlar. Bu
hastaliklarda damuizlik siit sigin ciftliklerinde en 6nemli
sirti dist birakma sebepleri arasinda yer almaktadir
(Steeneveld ve ark. 2020). Dolayistyla hayattnin ilk
laktasyon déneminde ketozis geciren bir dive heniiz
laktasyon dénemi bitmeden yetersiz st ve dol verimi
gibi nedenlerle stirt dist edilebilir. Bu tip sorunlarin
tstesinden gelmek icin dogum sonrast rasyonlarin
sindirilebilir enerji ve esansiyel aminoasit iceriklerinin
arttirilmast  bircok  arastirmact tarafindan  zaman
zaman ele alinmistir (Chillard 1993, Chow ve ark.
1990, Erickson ve ark. 1992 Harrison ve ark. 1995,
Rulquin ve ark. 1993, Schingoethe 1991, Schwab ve
ark. 1992a, Schwab ve ark. 1992b).

Bu dénemde metabolik olarak en cok zorlanan ve en
fazla metabolik hastaligin g6ruldiigt sistem enetji
sistemidir. Enerji sisteminin takibi agisindan en ¢ok
kullanilan parametreler ise kanda NEFA, BHBA,
glukoz, TK ve Trig seviyeleridir (Drackley 1991,

Duffield 2000, Overton ve ark. 1991, Overton ve
Waldron 2004).

Basta metil vericiler olmak {izere esansiyel
aminoasitler bu dénemde karacigere ulasan yaglarin
uzaklastirilmasinda etkin rol aldiklari icin 6zellikle siit
ineklerinde kuru dénem ve erken laktasyon dénemi
rasyonlarinda ek olarak kullandmaktadir (Griel ve ark.
1968, Schwab 1976, Loerch ve Oke 2018). Bilinen en
etkili metil vericisi aminoasit metiyonindir. Dolayisiyla
dogum Oncesi metiyonin takviyesi yapilan sigirlarda
dogum sonrast metabolik problemler hafiflemektedir.
Bunu destekler nitelikte bir bagka calismada da (Van
Saun R 1991) dogum Oncesi rasyonlarin ham protein
(HP) ve rumende yikimlanmayan protein diizeyleri
arttrildiginda dogum  sonrast  metabolik  hastalik
gorilme diizeyinin azaldigr belirtilmistir. Bununla
birlikte rasyonu gerek siit verimini sinirlandirict gerek
buyiime ve gelismeyi sturlandirict gerekse karaciger
metabolizmasint destekleyen en 6nemli aminoasitler
olan metiyonin ve lizince desteklenmesi HP diizeyinin
saglikli bir sekilde disurilmesine yardimet olur
(Hristov ve Giallongo 2014).

Yem hammaddeleri icerisinde lizin ve metiyonin
dogal kaynaklart misir ve soyaya bagh kaynaklardir
(Armentano ve ark. 1997). Ulkemizde ise bu
hammaddelerin diretimi ¢ok stnirhi olup aynt zamanda
yiksek oranda insan ve kanatll beslenmesinde
kullanildiklart i¢in maliyetleri ¢ok yuksektir. Bunlar
yerine Ulkemizde tretimi daha yaygin ve ruminantlar
icin birim maliyetleri daha dusiik olan konsantre enerji
ve protein kaynaklari sirasiyla arpa, pamuk tohumu
kiispesi, aycicegi kiispesidir. Ancak bu
hammaddelerinde metiyonin ve lizin icerikleri oldukea
distiktir (Rulquin ve Delaby 1997). Dolayistyla
rasyonun hem insan ve kanatlilarla yarismaci olan
hem de birim maliyeti yiiksek olan soya ve yan
uriinleri ile zenginlestirilmesi yerine bu aminoasitlerin
rasyona ck olarak katilmasi hem protein diizeyinin
digtirilmesine  hem de  rasyon  maliyetinin
azaltilmasina yardimet olabilir.

Ikame diivelerin dogum anindaki canlt agirliklars
yukarida bahsedilen negatif enerji dengesi ve
metabolik adaptasyonlar icin de 6nem tasir. Ciinki
bahsi gecen negatif enerji dengesi nedeniyle dogum
sonrast bir miktar canli agirhk kaybt normal
karsilanmaktadir. Buna gére NRC (2001)’de dogum
sonrast sut ineklerinin tiketmesi Onerilen rasyon
formiilasyonlarinda dahi yaklasik giinde 1 kg canli
agithk kaybi 6ngorilmektedir. Sonu¢ olarak dogum
yaptiginda hedef canh agirliga ulasmamis olan
divelerde bu canlt agirlik kaybi metabolik acidan
beklenenin tizerinde zarar verebilir.
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MATERYAL ve METOT

Bu calisma Canakkale’nin Gokgalt kéytinde faaliyet
gosteren Kaanlar Damizlik Siit Sigirt Isletmesinde
yaratilmuistar.  Calismanin  hayvan  materyalini
gebeliginin  210. glintinde bulunan Holstayn 1rki
diveler olusturmustur. Bu baglamda 30 bag saglikli ve
gecmisinde Onemli bir saglk problemi kaydi
bulunmayan gebe diive rastgele 6rnekleme metoduyla
aynt sayida hayvan iceren iki gruba ayrilmistir.
Kontrol (K) grubunda bulunan hayvanlar NRC
(2001)’de belirtilen enetji ve protein igerigine sahip
rasyonla beslenmistir. Uygulama grubundaki (U)
hayvanlar K grubuyla ayni diizeyde enetji ve protein
iceren ancak lizin ve metiyonin diizeyleri sirastyla 7.18
(%MP) ve 2.72 (%MP) olacak sekilde rumen korumali
lizin (lysigem, Kemin) ve metiyonin (Methipeatl,
Kemin) takviyesi yapilmis rasyonla beslenmistir. Her
iki gruptaki hayvanlar aymt ahirda  fakat aym
padoklarda barindirdmustir. Rasyonlar giinde bir defa
hazirlanarak  Tam  Rasyon  (TMR)  seklinde
hazirlanarak ad libitum olarak hayvanlara sunulmustur.
Ad_libitum  kosullarin  saglanmast  amaciyla TMR
gruptaki hayvan sayisinin %10 fazlasi olacak sekilde
hazirlanarak ~ hayvanlarin ~ 6niindeki  yemliklere
dokilmistiir. Yeni glintiin rasyonu hayvanlarin éniine
dokilmeden 6nce gruplarin 6niindeki artan yemler
toplanarak ayr1 ayrt tartilmig ve gruplarin  yem
tilketimleri bu sekilde giinlitk olarak takip edilmistir.

Calismanin  baginda, calisma boyunca hayvanlarin
beslenmesinde kullanilacak olan tim
hammaddelerden  6rnek alinarak besin  madde
analizler gerceklestirilmistir. Buna gére kuru madde
(KM), HP, ham yag (HY) ve kil analizleri AOAC
(1990y1in bildirileri dogrultusunda yapilmistir. Buna
flaveten hiicre duvart bilesenlerinin (NDF, ADF ve
ADL) beliflenmesine yonelik analizler Van Soest ve
ark. (1991)’in bildirisleri dogrultusunda yapimistir.
Elde edilen sonuglar CNCPS veri tabanl rasyon
programina islenmis tiim formiilasyonlar analiz

Tablo.1 Calismada kullanilan TMR bilesimi
Table.1 Feedstuff content of TMR

degerlerine goére yapilmistir. Ayrica artan yemlerden
alinan o6rneklerde dondurularak calisma sonunda
yukarida adi gecen besin madde analizlerine tabi
tutulmustur. Calismada uygulanan 6rnek TMR’in
hammadde bilesimi ve gruplarin titketecekleri besin
madde kompozisyonlart Tablo 1, Tablo 2 ve Tablo
3’de ayrintilari ile belirtilmistir.

Calisma boyunca 15%r giin araliklarla tim hayvanlarin
kuyruk venasindan (V. coccygea) kuru biyokimya
tiplerine kan oOrnegi alnmustir. Almnan kanlar
isletmede bulunan laboratuvardaki santrifij aleti
aractligiyla oda 1sisinda 5000 devirde 10 dakika
boyunca santrifije  edilerek  serum  Grnekleri
ctkarilmistir. Elde edilen 6rnekler hemen -20 derecede
dondurulmustur. Hayvanlar  tzerindeki deneme
asamast sonlandiginda oda 1sisinda ¢6zdurilen serum
orneklerine isletmede bulunan tam otomatik ELISA
okuyucu yardimi ve ilgili kitler kullanilarak glukoz,
NEFA, BHBA, TK, Trig ve IgG analizleri yapilmustir.
Ayrica  enfeksiyon kapma riski en yiksek olan
dogumun gerceklestigi glin  tim  hayvanlardan
vakumlu ve EDTA’ls tiplere yine kuyruk venasindan
alinan kan 6rneklerine isletmede bulunan Genus KT-
6300 VET marka-model cihaz yardimiyla hemogram
analizi yapilarak mevcut bagisiklik durumu ve 6zellikle
total 16kosit sayisi ile 16kosit konfirigasyonu (ylizdesel
bazda nétrofil, monosit, eozinofil ve bazofil dizeyi)
belirlenmistir.

Serum glukoz, NEFA, BHBA, trigliserid, total
kolesterol ve IgG diizeylerine iligkin analizlerde grup,
dénem ve grup x dénem etkilesimlerinin ana etki
kaynagt olarak yer aldigi tekrarlamali Sl¢imler varyans
analizi  kullamlmis  olup, NEFA ve trigliserit
dizeylerine ait veriler Uzerinde gerceklestirilen
homojenite testi bulgulari dogrultusunda veriler
logaritmik transformasyona tabi tutulmuslardir. Grup
ortalamalari arasindaki farkliliklarin tespitinde Tukey
coklu karsilastirma testinden yararlanilmugtir. Tim
istatistik analizlerde SAS version 9 (1999) paket
programindan yararlanilmistur.

Hammaddeler % Kuru Madde
Musir Silajt 40.39
Yonca Kuru Otu 9.76
Bugday Samani 15.36
Konsantre Yem Karmast 34.49
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Tablo.2 Calismada kullanilan TMR besin madde kompozisyonu
Table.2 Nutrient Composition of TMR

Hammaddeler Kontrol Uygulama
Ham Protein 15.08 15.07
Metabolik Enetji (Mcal/Glin) 16.01 16.08
NDF 42.28 42.26
ADF 26.19 26.05
NSC 31.53 31.69
Kalsiyum 0.58 0.58
Fosfor 0.51 0.51
Lizin %MP 5.16 7.18
Metiyonin %MP 2.24 272

Tablo.3 Konsantre yem karmast bilesimi ve besin madde kompozisyonu

Table.3 Feedstuff content and nutrient composition of the Grain Mix

Hammaddeler (%0) Kontrol Uygulama
Bugday Kepegi (Ince 6g,) 11.7 11.7
Mistr, Ogiitiilmiis 11.8 11.8
DDGS, (Misir) 51.5 51.5
Maya Artiklart 23.4 21.7
Mermer Tozu 0.7 0.7
Vitamin-Mineral Karmasi 0.9 0.9
LysiGEM (KEMIN IND.) 0.0 1.4
Metipearl (KEMIN IND.) 0.0 0.3
Besin Madde Kompozisyonu (%o) Kontrol Uygulama
Ham Protein 26.35 26.31
Metabolik Enerji (Mcal/kg) 1.82 1.82
Ham Seliloz 6.34 6.28
Nisasta 12.55 12.55
NFC 28.24 28.05
Kalsiyum 0.76 0.76
Fosfor 1.01 1.01
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Tablo.4 Gruplarda farkli dénemlerde Slgiilen serum parametrelerine ait en kiiciik kareler ortalamalart (EKKO),
ortalamalara iliskin standart hatalar (SH) ve 6nem seviyeleri (P)

Table.4 The least square means of serum paramters which measured in different periods, standart errors and
significance

Dénem Ozellik Kontrol Uygulama
-3 52.46 53.51
-2 55.51 56.78
-1 Glukos 58.12 60.79
0 56.85 54.78
+1 48.78 51.12
+2 53.17 54.92
SH 1.312
P 0.5241
-3 0.628 0.586
-2 0.548 0.539
-1 NEFA* 0.525 0.519
0 0.594 0.581
+1 0.586 0.599
+2 0.619 0.610
SH 0.011
P 0.1822
-3 1.19 0.99
-2 0.62 0.51
-1 0.33 0.35
0 BHBA 0.81 0.60
+1 0.96 0.99
+2 1.28 1.09
SH 0.082
P 0.3635
-3 91.65 95.66
-2 87.51 93.58
-1 95.39 88.65
0 TR 74.37 74.79
+1 77.33 74.38
+2 75.52 72.52
SH 2.895
P 0.3065
-3 1.33 1.32
-2 1.30 1.34
-1 Trig 1.37 1.28
0 1.08 1.09
+1 1.11 1.11
+2 1.07 1.08
SH 0.030
P 0.41406
-3 14.44 16.83
-2 14.39 16.53
-1 16.58 16.24
0 16G 13.57 15.31
+1 13.11 14.39
+2 12.92 14.11
SH 0.507
P 0.0536

*Degerleri transforme degerlerdir, “~“dogum 6ncesi, “+”” dogum sonrast, “0” ise dogumu simgelemektedir.
*These are transformed values, “-“represents before parturition, “+” represents after parturition and “0” represents day of parturition.
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BULGULAR

Yapilan bu calismada elde edilen kan analizlerinin
istatistiki  verilerine gore c¢alisma boyunca gerek
gruplar arast gerekse grup ici farklar Tablo 4’te
ayrintilartyla  belirtilmistir.  Buna  gére  tabloda
goriilecegi gibi Holstayn 1k siitcti divelerde dogum
Oncesi rasyonunda metabolik lizin ve metiyonin
seviyesinin arttirdmasinin  kanda glukoz, NEFA,
BHBA, TK, Trig ve IgG konsantrasyonlart tzerine
herhangi bir etkisi olmamistir. Yapilan bu ¢alismada
enetji metabolizmasinin en 6nemli gdstergeleri olan
glukoz, NEFA, BHBA, TK ve Trig seviyelerinin
dogum Oncesi ve dogum sonrasindaki seyri tzerine
elde edilen bulgularda 6nemlidir. Bu konu iizerine
yapilan c¢alismalarin ¢ogunlugunda belirtildigi tzere
dogum Oncesi son haftalarda negatif enerji dengesinin
etkileri neticesinde bu parametrelerde 6nemli
degisiklikler olmaktadir. Ancak yapilan bu ¢alismada
bahsi gecen parametrelerin gerek gebeligin son ii¢
haftast gerekse dogum ve dogum sonrast ilk iki giin
siiresince Onemli bir degisiklik  gdstermedikleri
belirflenmistir. Bu bilgilere istinaden yapidan bu
calismada gerek kontrol gerekse uygulama grubundaki
hayvanlarin siddetli bir negatif enerji dengesi altina
girmedikleri séylenebilit. Bununla birlikte ¢alisma
stresince bazt haftalarda elde edilen bazt bulgular ise
olduk¢a  kiymetlidir.  Ornegin  kanda BHBA
seviyesinin kontrol grubundaki diivelerde dogumdan
onceki son hafta subklinik ketozis seviyest olan 1.2
mmol/1 sinirina dayanmast, yine aynt grupta dogumun
ikinci giininde ise 1.28 mmol/l ¢tkmast belirtilen
zamanlarda ketozis insidanst acisindan oldukea riskli
bir siirecin yasanmis oldugunu gostermektedir. Ayrica
yine kontrol grubunda kan glukoz seviyesinin
dogumdan bir gin sonra 50 mg/dl olan kritik
seviyenin altina dismesi, dogum Oncesi yitksek olan
TK seviyesinin dogumda aniden diserek dogum
sonrasinda distk seyretmesi gibi veriler subklinik
ketozis icin Dbelirtilen gunlerin  krittk  olusunu
desteklemektedir. Fakat uygulama grubunda doguma
bir hafta kala yikselen BHBA dizeyi dogum
sonrasinda da ylksek seyretmis olsa da hi¢bir zaman
subklinik ketozis sinirt olan 1.2 mg/dl’yi gecmemistir.
Ayrica yine uygulama grubunda dogumla birlikte
kolesterol seviyesi dismils olsa da kan glukoz diizeyi
hicbir oOlcimde 50 mg/dPnin altna dismemistir.
Bahsi gecen bu {i¢ parametre acisindan gruplar
arasinda istatistiki fark bulunmamis olsa da elde edilen
veriler oldukga sasirticidir. Grup icerisindeki hayvan
sayist arttirlarak yapilacak olan benzer calismalarda
istatistiki veri glcli artarak bu parametrelerde ve
belirtilen glinlerde 6nemli farklar ortaya cikabilir.
Glukoz, BHBA ve TK seviyelerinde bu sekilde bir
seyit goOrilmesinin en Onemli sebebinin  dogum
sonrasindaki kolostrum sentezi ve salgist oldugu
dustnilmektedir.

Metabolik parametrelerin disinda calismadaki yegane
bagisiklik parametresi olan kanda IgG seviyesinin
gruplardaki seyri de ilgi cekicidir. Istatistiki olarak fark
olmamast ile birlikte uygulama grubunda sayisal olarak
kan IgG seviyesinin yiksek oldugu gorilmektedir.
Grafik  1’de c¢alisma basinda alinan  Ornekler
haricindeki tim kan alim zamanlarinda uygulama
grubu IgG acisindan rakamsal olarak yliksektir. Eldeki
bu veriler gerek kan alim zamanin siklastirilmastyla
gerekse gruplar icerisindeki hayvan sayilarinin
artirtlmastyla IgG’deki bu degisimin istatistiki olarak
onemli  hale getirip  getirilmeyecegini  merak
ettirmektedir. Bilhassa Tablo 4’te goriilecegi tlizere
kontrol grubunda dogum Oncesinde dusmeye
baslayan IgG seviyesi dogum sonrasinda bu distisii
devam ettirmistir. Ancak uygulama grubunda ise
dogum o6ncesinde IgG seviyesi kontrol grubunun
aksine az miktarda olsa yiikselmis, dogum sonrasinda
aglz suti sagimint takiben beklenildigi gibi disis
gOstermis olmakla birlikte yine rakamsal olarak
kontrol grubunun tzerinde seyretmistir. Bu bulgular
Holstayn irkr sttcti divelerin dogum 6ncesinde lizin
ve metiyonince zenginlestirilismis bir rasyonla
beslenmesinin dogum sonrasinda hem anne hem de
yavru bagisikligini  destekleyecegi olasiligini  ortaya
koymaktadir.
TARTISMA

St sigirlart dogumla birlikte ¢ok siddetli bir metabolik
adaptasyon siireci icerisine giretler (Overton ve
Waldron 2004). Aynt zamanda bu siireg ciddi diizeyde
rasyon degisikliklerini oldugu bir siirectir. Dogumla
birlikte artan besin madde ihtiyact ve rasyon degisimi
nedeniyle rumen fermantasyonun adaptasyon siirecine
baglt olarak yasanan zorunluluklar hayvanlar
metabolik hastaliklara karst olduk¢a duyarlt hale
getirmektedir. Bu siire¢ ilk dogumunu yapacak olan
gebe duveler icin ¢ok daha stresli ve yorucu
olmaktadir. Dogum yapana dek hayatlari boyunca en
fazla yaklasik 11 kg KM tiiketen diveler dogumdan
hemen sonra yaklasik 17 kg KM igeren bir rasyonu
tilketmeye ~ zorlanmaktadirlar  (NRC ~ 2001). Ilk
dogumunu yapan diveler iki ve daha fazla dogum
yapmis ineklere gére dogum sonrasinda yem titketimi
pikine daha ge¢ ulasmaktadirlar. Bu durum onlarin
metabolik adaptasyon kabiliyetlerini zayiflatmaktadir.
Boylelikle basta enerji ve bagisiklik —sistemini
ilgilendiren hastaliklara karst daha dayaniksiz olutlar.
Negatif enerji dengesinin baslamasinda beslenme
hastaliklarinin ~ gelismesine kadar gecen slrecte
hayvanlarda hi¢bir semptom goriilmez ve bu siireg
cok sinsi bir sekilde iletler. Bu siirec icerisinde
hayvanlarda  beslenme hastaliklarina  yatkinligin
diizeyini belirlemede kandaki metabolik
parametrelerin takibi buytk 6nem tasir. Bu strecte
takip edilmesi gereken en Onemli metabolik
parametreler ise NEFA, BHBA, glukoz, TK, Trig’tir
(Overton ve Waldron 2004). Cinkiit NEFA ve BHBA
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bu doénemde gelisen negatif enerji dengesinin en
onemli indikatorleri olup hayvanlarin  subklinik
ketozis ve karaciger yaglanmast risklerine yatkinligini
net bir sekilde ortaya koyarlar (McArt ve ark. 2013).
Son vyillarda bu iki parametrenin ayni zamanda
bagisikhik diizeyi tizerine etkileri oldugunu bildiren
calismalarda mevcuttur (Contreras ve ark. 2010, Ster
ve ark. 2012). NEFA adipoz dokudan vyag
molekillerinin  kana gecis formu olup kanda
yuksekligi asirt yag yakimini gOsterir. Karacigere
ulasan NEFA  miktart  arttginda  fazla olan
NEFA’larin bir kismt bir keton molekiilu olan BHBA,
aseton ve asetoasetat’a donustirilirken (Herdt 2000),
bir kismu TK ve Trig donustirilerek kana tekrar
verilir  (Jorristma ve ark. 2001), bir kismi da
hepatositlerde birikir (Overton ve Waldron 2004).
Dolayisiyla  NEFA’nin  karacigerde en  giivenli
uzaklastirlma  yolu  trigliserit ~ ve  kolestrole
dontstirilmesidir. Aksi halde ketozis ve karaciger
yaglanmasinin hizla gelismesi kaginilmaz olur. Buna
gore sut sigirlarinda dogumundan hemen 6nce ve
sonra gelisen negatif enerji dengesine baglt olarak
kanda NEFA diizeyi artarsa hayvann bundan
minimum dizeyde etkilenmesi icin kan BHBA
diizeyinin distk, Trig ve TK seviyelerinin yiliksek
olmast gerekir (McArt 2013). Tim bu parametrelerin
yaninda negatif enerji dengesi ve sonrasinda gelisen
subklinik ketozis durumunda kan glukoz seviyesi de
oldukca Gnemli bir kriterdir. Cunki kanda glukoz
seviyesiyle karaciger yaglanmasi ve ketozis arasinda
sikt bir iligki vardir (McArt 2013, Ruoff ve ark. 2017).
Buna gore siit sigirlarinda dogumdan hemen énceki
ve sonraki dénemde metabolik parametrelerin saglikli
devam edebilmesi adina kanda NEFA ve BHBA
seviyesinin diigiik, glukoz seviyesinin ise yuksek
olmast istenir. Bu parametreler icin kritik seviyelerden
bahsetmek gerekirse; kanda BHBA seviyesi 1.2
mmol/I’nin Gizerinde (Andersson 1988, Suthar ve ark.,
2013; Mc Art, 2013), kanda glukoz seviyesi ise 50
mg/1 (2,7mmol/])’nin altinda olmamalidir (Ruoff ve
ark. 2017). Yapilan bu calismada ileri gebe siitci
divelerin gebeliklerinin son U¢ haftasinda rasyonun
metabolik lizin ve metiyonin diizeyinin arttirtlmasinin
kanda NEFA, BHBA, glukoz, TK, Trig seviyeleri
Uzerine  istatistiki  acidan  OGnemli  bir  etkisi
bulunmamustir. Fakat bazi parametrelerde ¢alismanin
bazt doénemlerinde elde edilen veriler oldukca
ditstindirticidiir. Ornegin kontrol grubunda doguma
bir hafta kala ve dogum sonrast ikinci gin kanda
BHBA seviyesinin subklinik ketozis i¢in kritik seviye
olarak kabul edilen 1.2 mmol/T’ye (Andersson 1988,
Suthar ve ark. 2013, Mc Art, 2013) yakin ya da
tizerinde iken, uygulama grubunda ayni dénemlerde
yikselme gorilse de subklinik ketozis seviyesine
hicbir zaman yitkselmemis olusu calisma adina 6nemli
bir bulgudur. Ayrica yine enetji metabolizmasi
acisindan kritik bir esik olan kan glukoz seviyesinin 50
mg/l (2.7mmol/l)’nin (Ruoff ve ark, 2017) altina
sadece kontrol grubunun birinci giin kaninda indigi
gorilmektedir. Fakat her iki grupta da basta NEFA

olmak tzere diger parametrelerin fizyolojik sinurlar
icerisinde seyretmesi ve her iki grupta da herhangi
klinik diizeyde bir metabolik hastalik gbrillmemesi bu
calisma da divelerin ¢ok siddetli bir negatif enerji
dengesi etkisi altinda olmadiklarini gostermektedir.
Dolayistyla rasyonlarinda arttirilan metabolik lizin ve
metiyonin  diizeylerinin  enetji metabolizmasina
beklenen etkiyi gbstermemesi dogal bir sonugctur.
Ancak calisma uzatilarak bu hayvanlara ait ilk
laktasyon verileri de izlenebilseydi 6zellikle kontrol
grubunda dogumun hemen Oncesi ve sonrasinda
subklinik ketozis seviyesinde olan kan BHBA diizeyi
ile kan glukoz diizeyinin performansa etkisi daha net
bir sekilde gorilebilirdi. Eldeki veriler ve hayvanlarin
beklenilenin aksine siddetli bir metabolik adaptasyon
sirecine girmemis olmalari bu c¢alismada yapilan
uygulamanin enerji metabolizmasi Uzerine etkisini
yorumlamayt zorlastirmaktadir. Ayrica dogum 6ncesi
ve sonrasinda tum duaveler NRC, 2001 ‘de belirtilen
standartlara gére beslenmistir. Yapilan bu calisma
NRC (2001)’e gore hazirlanan rasyonlarin Holstayn
ki sttcli divelerde dogumdan hemen Once ve
sonrasinda kandaki enetji metabolizma
parametrelerinin  saghkli devam edebilmesi adina
yeterli oldugunu gostermektedir.

Yapilan bu calismada takip edilen diger parametre de
kanda IgG seviyesidir. Kanda IgG seviyesinin takibi
hayvanlarda bagisikligin durumunu ortaya koymak
adina olduk¢a Onemlidir.  Bu ¢alismada gruplar
arasinda istatistiki bir fark bulunmamus olsa da gerek
dogum o6ncesi gerekse dogum sonrasit serum IgG
diizeyi uygulama grubunda rakamsal olarak ytksek
seyretmistir. Wang ve ark. (2021)’da yaptiklart bir
calismada siit sigirlarina dogum Oncesinde ekstra lizin
ve metiyonin verilmesinin hem anne kaninda hem de
kolostrumda ve buzag kaninda serum IgG seviyesini
artirdigint  bildirmiglerdir.  Arastirmacilar  protein
metabolizmasi agisindan esansiyel olan bu iki amino
asitin globiilin sentezini artirdigini, antikor Uretimine
etkisi oldugunu ve bagisikligt  glglendirdigini
belirtmislerdir. Fakat dogum o6ncesi rasyona rumen
korumalt metiyonin ilavesinin besi sigirlarinda (Lievre
ve ark. 2020) ya da koyunlarda (Liu ve ark. 2010)
dogum  doneminde  kanda IgG  seviyesini
degistirmedigi, hatta azalttigini dahi bildiren benzer
calismalar da bulunmaktadir. Ancak bu calismalar
incelendiginde, aragtirmacilarin rasyonun metabolik
proteinindeki  metiyonin  ve lizin  seviyelerini
zenginlestirmeye odaklanmadiklari, sadece rasyona ek
olarak belli bir dozda metiyonin kullandiklar
gorilmektedir. Dolaysiyla, belirtilen etkilerin yetersiz
metiyonin dozu ile iligkisi olabilir. Daha 6nce de
belirtildigi tzere, mevcut calismada NRC (2001)
tavsiye rasyonu baz alinmustir.

44



SONUGC

Bu calismada Holstayn 1kt stitgli gebe divelerde,
gebeligin son aylarinda lizin ve metiyonin icerigi
rumen korumalt lizin ve metiyonin eklenerek
zenginlestirilmis bir rasyon uygulamasinin kanda
enetji ile ilgili metabolizma parametreleri ve IgG
seviyesi lzerine istatistiki actdan 6nemli bir etkisinin
olmadigt belirlenmistir. Ancak belli bazi haftalarda
BHBA ve glukozda gorilen farkliliklar ile IgG
seviyesinde goriilen rakamsal artisin daha net veriler
esliginde ortaya konulabilmesi i¢in daha kapsaml
calismalara ihtiya¢ duyulmaktadir. Ayrica NRC
(2001)’in siit¢ti duvelerde dogum dncesi ve sonrasint
kapsayan siirecte enerji metabolizmasinin saglikli bir
sekilde devam edebilmesinde yetetli bir referans
kaynak oldugu gorilmiistiir.

Cikar catismasi: Yazarlar bu yazi icin gergek,
potansiyel veya algilanan ctkar catigmast olmadigini
beyan etmiglerdir.

Yazarlarin Katki Orani: Yazarlar makaleye esit
oranda katki saglamis olduklarint beyan etmislerdir.

Etik izin: Bu ¢alisma COMU HADYEK 2021/03-07
numara ve 06.04.2021 tarih ile izin almistir.

Finansal destek: Bu calismada herhangi bir
kutrumdan finansal destek alinmamustir

Tesekkiir: Bu calismada desteklerini veren Sn. Suat
Sartibrahimoglu ve Kaanlar Tarim ve Hayvancilik
Isletmesi’ne tesekkitlerimizi sunariz.

Agiklama: Bu veriler henitiz herhangi bir yerde
sunulmamugtir.
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ABSTRACT

The aim of this study was to investigate the effects of monosodium glutamate (MSG) in ovo administration on
embryonic skeletal muscle development in chicken embryos, using histological, histopathological, and
immunohistochemical methods. In this study, a total of 410 fertilized chicken eggs were used and were divided
into five group as control, vehicle control, low-dose group (0.12 mg/g ege MSG), medium-dose group (0.6 mg/g
egg MSG), and high-dose group (1.2 mg/g egg MSG). At incubation days 18 and 21, eggs from each group were
opened and six live embryos were obtained. The embryos were sacrificed by decapitation, and skeletal muscle
tissue samples (musculus fibularis longus and musculus sternocoracoideus pectoralis) were obtained. Sections
were stained with hematoxylin-eosin. Moreover, caspase-3 reactivity was determined using the
immunohistochemical method. Muscle development was delayed in the MSG groups and the number of caspase-
3-positive cells was higher (p < 0.05) than in the controls. Histopathological examinations revealed degenerative
and necrotic changes in the skeletal muscle. Muscle degeneration (edema, muscle fiber degeneration, Zenker’s
necrosis, and mononuclear cell infiltrations) were observed in all groups, except for the control groups. It was
concluded that MSG could adversely affect the development of the skeletal muscle.

Keywords: Caspase-3, Embryotoxicity, Monosodium glutamate, Skeletal muscle

kksk

Yumurtaya Verilen Monosodyum Glutamat’in Tavuklarda Iskelet Kasinin Embriyonik Gelisimi Uzerine
Etkileri

oz

Bu calismanin amact yumurtaya verilen monosodyum glutamat (MSG)’in civcivlerde iskelet kasinin embriyonik
gelisimi tizerindeki etkilerinin histolojik, histopatolojik ve immunohistokimyasal yontemlerle arastrmakti. Bu
calismada 410 adet d6llt tavuk yumurtast kullanildi ve kontrol, tastyict kontrol, disiik doz grup (0.12 mg/g MSG),
orta doz grup (0.6 mg/g MSG) ve yiksek doz grup (1.2 mg/g MSG) olarak 5 gruba ayrildi. Kuluckanin 18 ve 21.
glinlerinde, her bir gruptan yumurtalar acild: ve 6 canlt embriyo elde edildi. Embriyolar dekapitasyon ile sakrifiye
edildi ve iskelet kast (musculus sternocoracoideus pectoralis, musculus fibularis longus) doku &rnekleri alindr.
Kesitler Hematoksilen-Eozin boyama yontemi ile boyandi. Caspase-3 reaktivitesi ise immunohistokimyasal
yontemle belirlendi. Kas gelisiminin MSG uygulanan gruplarda geri kaldig1 ve caspase-3 immunpozitif hiicrelerin
kontrol gruplart ile karsilastirildiginda daha fazla oldugu dikkati ¢ekti (p<<0.05). Histopatolojik incelemelerde
iskelet kasinda dejeneratif ve nekrotik degisiklikler saptandi. Kontrol ve distile su grubu hari¢ tim gruplarda
kaslarda dejenerasyon (6dem, kas fibrillerinde dejenerasyon, Zenker nekrozu ve mononiikleer hiicre infiltrasyonu)
gbzlendi. MSG'nin iskelet kast gelisimi tizerine olumsuz etkilerinin olabilecegi sonucuna varilmustir.
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INTRODUCTION

Food additives are substances used in the food
industry to extend the shelf-life of foods, increasing
their flavor, color, durability, and consumer
acceptability (Chakraborty 2019). People are exposed
to these chemicals in their daily food consumption
(Adeyemo & Farinmade 2013). Monosodium
glutamate (MSG, E621), a sodium derivative of L-
glutamate, is one of the most widely used food
additives as a flavor enhancer in processed and
convenience foods worldwide due to its umami taste
and flavor-enhancing properties (Hamza and Diab
2020). Many processed foods contain MSG (e.g., fast
food, frozen food, instant soup, broth (bouillon),
preserves, processed meats such as sausage and
salami, salad dressing, flavored snacks, and potato
chips) (Abdel Moneim et al. 2018).

MSG has been reported to cross the placental barrier
in rats. Subcutaneous MSG injections to pregnant rats
have been reported to cause neuronal cell death in the
rats and their fetuses (Toth et al. 1987). Experimental
studies have shown that exposure to MSG during the
embryonic period, which is critical for the
development of living things, can lead to serious
consequences (Banerjee et al. 2021, Bélikbas and
Oznurlu 2021). Studies on experimental animals have
shown that MSG is associated with negative side
effects such as genotoxicity, neurotoxicity, diabetes,
obesity, and hepatotoxicity (Banerjee et al. 2021).
MSG has been reported to induce oxidative stress in
different organs including the kidneys, liver, genitals,
and thymus (Pavlovi¢ et al. 2007, Zanfirescu et al.
2019). In addition, MSG administration has been
associated with biochemical and morphological
changes in cardiac tissue and changes in heart rhythm
(Baky et al. 2009, Kumar and Bhandari 2013,
Kingsley et al. 2013, Liu et al. 2013).

Muscle development occurs in hypertrophy and
hyperplasia ~ phases:  Hypertrophic ~ phase  is
characterized by the formation of new myofibrils in
the muscle fibers (Remignon et al. 1995, Velleman
2007). Hyperplasia is characterized by an increase in
the number of myoblast cells during the embryonic
period (Latshaw 1987, Moore et al. 2005). The
hyperplasia phase is largely completed during the
incubation period, and the number of muscle fibers
remains constant thereafter (Oznurlu et al. 2022).
Therefore, the factors affecting muscle formation in
the embryonic period may also affect the
developmental performance of the chick in the
future.

The aim of this study was to investigate the possible
effects of MSG injected into the yolk on skeletal
muscle development in chickens, using histological,
histopathological, and immunohistochemical
methods.

MATERIALS and METHODS

Animal Procedures

This study was conducted with the approval (Date:
02.06.2022, Protocol number: 2022/59) of the Ethics
Committee of Selcuk University Faculty of Veterinary
Medicine Experimental Animals Production and
Research Center. 410 fertile chicken eggs obtained
from the commercial Babcock breed were used. MSG
(Sigma-Aldrich, St. Louis) was weighed with a
precision scale, centrifuged, and diluted by distilled
water that had been sterilized in an autoclave. MSG
doses for each group were determined according to
the 50-55 g egg weight (0.12 mg/g MSG (6-6.6
mg/egg), 0.6 mg/g MSG (30-33 mg/egg), and 1.2
mg/g MSG (60-66 mg/egg)).The eggs were
disinfected in a closed cabinet for 15 min before the
injection procedure (21 g of potassium permanganate
+ 42 mL of formaldehyde/m3). The eggs were
randomly selected and divided into five groups. While
no treatment was applied to the eggs in the control
group (n = 40), the vehicle control group (n = 62)
received a volume of 100 pL of distilled water by
injection. MSG (100 pL) was injected into the eggs in
the experimental groups at doses of 0.12 mg/g (low-
dose, n = 80), 0.6 mg/g (medium-dose, n = 90), and
1.2 mg/g (high-dose n = 138) per egg. The test
solutions were injected into the yolk by sterile insulin
injectors at the beginning of incubation. Then, the
injection site was sealed with paraffin wax. Incubation
processes were incubated by turning 180° once every
2 hours under optimal conditions (37.5 °C
temperature and 65% relative humidity) in the
incubator (Imza Technical Equipment).

Histological and Immunohistochemical
Investigations

On the 21st and 18th days of incubation, eggs were
randomly selected and opened wuntil six viable
embryos were obtained from each group. Pectoral
muscle (musculus sternocoracoideus pectoralis) and
leg muscle (musculus fibularis longus) tissues were
taken and fixed in 10% neutral buffered formalin
solution (pH 7.4) for 24 h. Tissue samples processed
by routine histological methods were embedded in
paraffin. The sections taken from the blocks
(thickness = 6 pm) were examined using the
hematoxylin and eosin (H & E) staining method to
determine the general histological structure.

Tissue samples used for immunohistochemical
procedures were stained by applying a procedure
based on the streptavidin-biotin-peroxidase complex
(SABC). Briefly, 6-um-thick sections were placed on
poly-L-lysine-coated slides and dried in an oven at 37
°C overnight.
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The sections were deparaffinated in xylol, rehydrated
in alcohol, and boiled in citrate buffer solution (pH 6)
for 5 min in a microwave oven to reveal antigenic
epitopes (antigen retrieval). To inhibit endogenous
peroxidase activity, sections were kept in 3%
hydrogen peroxide solution for 20 min and incubated
in blocking solution (Thermo Fisher Scientific Inc.,
UK) for 5 min, thus blocking nonspecific binding
sites. The sections were then incubated at room
temperature for 1 h with a primary antibody (anti-
CASP3 antibody (S§T]J97448), St John's Laboratoty,
London) followed by a biotinylated goat polyvalent
antibody (Thermo Fisher Scientific Inc., UK) for 30
min. Then, all sections were washed with buffered
phosphate saline (PBS, Biotech) were incubated with
streptavidin-peroxidase ~ (HRP, Thermo  Fisher
Scientific Inc., UK) at room temperature for 30 min.
3-3'-Diaminobenzidine (DAB, Thermo  Fisher
Scientific Inc., UK) was used as a chromogen,
wheteas Mayet's hematoxylin solution was used for
nucleus staining. Negative controls were prepared by
incubating tissue sections with PBS instead of
primary antibodies. All stained sections were
examined under a light microscope and digital images
of the required areas were recorded.

Immunohistochemical Scoring Method

Allred  scoring system was considered  for
immunohistochemical scoring as previously described
(Qureshi and Pervez 2010, Ozgermen et al., 2022)
Ten different photographs of each animal, including
the musculus sternocoracoideus pectoralis and
musculus fibularis longus, were taken under a light
microscope of 400X magnification. The Allred score
between 0 and 8 was determined for each animal by
combining the staining intensity score and the
staining prevalence

value. The mean value of 10 staining surface areas of
each slide was accepted as the score of the relevant
case.

Statistical Analysis

The collected data were analyzed by one-way
ANOVA (one-way analysis of variance) using IBM
SPSS Statistics v.22. Tukey’s HSD test was performed
to determine the significance of the differences
between the mean values of the groups (p < 0.05).

RESULTS

On the 18th day of incubation, the myotube
organization formed by the combination of myoblasts
in both leg and pectoral muscle sections was
completed in the control groups. The nuclei of the
myoblasts that shaped the myotubes were oval and
located in the center of the myotube. In addition,
with the formation and organization of myofibrils,
the transverse banding began to become evident, and
the nuclei began to be pushed to the periphery
(Figures 1A and 2A). On the other hand, It was
observed that myotube organization was delayed
(irregular myotubes) and transverse banding was weak
in MSG groups. (Figures 1B-D and 2B-D). In
contrast with the control groups, the MSG groups
exhibited degenerative and necrotic changes such as
muscle fiber degeneration, Zenket’s necrosis, and
mononuclear cell infiltrations (Figures 1B-D and 2B-
D). Leg and pectoral muscle sections stained with
immunohistochemical method of 18-day embryos,
the most intense caspase-3 positive staining was
observed in the MSG groups (Figure 3B-D, 3F-H).

On the 21st day of incubation, the transverse banding
became quite evident in the control groups, the
muscle fibers gained their normal histological
structure, and the nuclei were just below the
sarcolemma (Figures 4A and 5A). Compared to the
control groups, the MSG groups exhibited an
irregular formation of myotubes and weak transverse
banding. In addition, histopathological evaluations
revealed degenerative and necrotic changes such as
muscle fiber degeneration, Zenket’s necrosis, and
mononuclear cell infiltrations in the MSG-treated
groups (Figures 4B-D and 5B-D). Leg and pectoral
muscle sections stained with immunohistochemical
method of 21-day chick, the most intense caspase-3
positive staining was observed in the groups treated
with 0.6 mg/g MSG and 1.2 mg/g MSG. The
number of caspase-3-positive cells in the skeletal
muscle was significantly higher in the MSG-
administered groups than in the control groups (p <
0.05, Figure 6A-B, and Figures 7B-D and 7F-H).
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Figure 1. Sections of the leg muscle in the control (A), low-dose MSG group (B), medium-dose MSG group (C),
and high-dose MSG group (D) on the 18th day of incubation. Compared to the control groups, myotube
organization is delayed and transverse banding is weak in the MSG groups. Degenerating muscle fibers (black
arrows), edema (stars), Zenker’s necrosis in the muscle fibers (yellow arrows), and mononuclear cell infiltrations (red
arrows) between the fibers in the MSG groups. H & E.

Figure 2. Sections of the pectoral muscle in the control (A), low-dose MSG group (B), medium-dose MSG group
(C), and high-dose MSG group (D) on the 18th day of incubation. Compared to the control groups, myotube
organization is delayed and transverse banding is weak in the MSG groups. Degenerating muscle fibers (black
arrows), edema (stars), Zenker’s necrosis in the muscle fibers (yellow arrows), and mononuclear cell infiltrations (red
arrows) between the fibers in the MSG groups. H & E.
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Figure 3. Leg muscle sections of chick embryos from the control (A), low-dose MSG group (B), medium-dose
MSG group (C), and high-dose MSG group (D) on the 18th day of incubation. Pectoral muscle sections of chick
embryos from the control (E), low-dose MSG group (F), medium-dose MSG group (G), and high-dose MSG group
(H) on the 18th day of incubation. Compared to the control group (A, E), caspase-3 immunopositivity was more
intense in the MSG groups. Anti-caspase-3 positive immunoreactions (arrows). Streptavidin-biotin-peroxidase
method; bar: 50 um.

Figure 4. Sections of leg muscle in the control (A), low-dose MSG group (B), medium-dose MSG group (C), and
high-dose MSG group (D) on the 21st day of incubation. Compared to the control groups, the MSG groups showed
irregular formation of myotubes and weak transverse banding. Degenerating muscle fibers (black arrows), edema
(stars), Zenket’s necrosis in the muscle fibers (yellow arrows), and mononuclear cell infiltrations (red arrows)
between the fibers in the MSG groups. H & E.
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Figure 5. Sections of pectoral muscle in the control (A), low-dose MSG group (B), medium-dose MSG group (C),
and high-dose MSG group (D) on the 21st day of incubation. Compared to the control groups, the MSG groups
exhibited irregular formation of myotubes and weak transverse banding. Degenerating muscle fibers (black arrows),
edema (stars), Zenker’s necrosis in the muscle fibers (yellow arrows), and mononuclear cell infiltrations (red arrows)

between the fibers in the MSG groups. H & E.
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Figure 6. Immunohistochemical staining rates of caspase-3 in the leg and pectoral muscles at day 21 of incubation.
Different superscript letters in the columns indicate statistical differences (mean = SD, p < 0.05).
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Figure 7. Leg muscle sections of chicks from the control (A), low-dose MSG group (B), medium-dose MSG group
(©), and high-dose MSG group (D) on the 21st day of incubation. Pectoral muscle sections of chicks from the
control (E), low-dose MSG group (F), medium-dose MSG group (G), and high-dose MSG group (H) on the 21st
day of incubation. Compared to the control group (A, E), caspase-3 immunopositivity was more intense in the MSG
groups. Caspase-3 positive cells (arrows). Streptavidin-biotin-peroxidase method; bar: 50 um.

DISCUSSION

MSG has the appearance of a crystalline powder and
is the most widely used additive as a flavor enhancer
in processed foods (Chakraborty 2019). The
acceptable daily intake level (ADI) for glutamic acid
and its salts was determined by the FAO/WHO in
1970 as 120 mg/kg body weight. However, the safety
of MSG was reevaluated by the European Food
Safety Authority (EFSA) in August 2017, and the
maximum daily intake of MSG was revised as 30
mg/kg body weight. Excessive consumption of foods
high in MSG may have side effects for all individuals
in the community and, particulatly, for susceptible
groups (children and adolescents) (Mortensen et al.,
2017). MSG consumption has increased all over the
wortld with the increase in ready-to-eat food
consumption, with reported daily average intakes of 1
g in European countries and 4 g in Asian countries
(Park et al. 2014). Recent studies have shown that
MSG may also have

negative effects on many organs and tissues such as
the digestive, reproductive, nervous, and immune
systems (Jubaidi et al. 2019, Zanfirescu et al. 2019,
Banerjee et al. 2021, Bolikkbas and Oznurlu 2022,
Bolitkbas and Oznurlu 2023a, Bolikkbas and Oznurlu
2023b).

Chicken embryos are one of the most frequently used
models to determine the embryotoxic, genotoxic, and
teratogenic effects of agents such as drugs, toxins
(Stoloff et al. 1972, Berg et al. 1999). Studies using
fertilized chicken eggs do not express a unanimous
opinion on the ways active substances can be
administered to the egg for testing (Stoloff et al. 1972,
Kemper and Luepke 1986, Oznurlu et al. 2012). The
egg yolk serves as the counterpart of the placenta in

mammals and serves as the main food source for the
offspring (Bauer et al. 2013). Generally, test solutions
are injected into the egg at a volume of 20—100 pL
(Berg 2000, Oznurlu et al. 2022).

It has been reported in previous studies that at the
12th and 16th days of incubation, secondary
myofibrils originated from myoblasts that cluster and
differentiate around the existing primary myofibrils
(Henry and Burke 1998, Kikuchi 1971). In this study,
the transverse bands started to become evident on the
18th day of incubation and the banding was quite
evident on the 21st day. Among the groups given
MSG, the myotubes were irregularly shaped. In
addition, degenerative and necrotic changes such as
muscle fiber degeneration, Zenket’s necrosis, and
mononuclear cell infiltrations were observed in the
muscles of the MSG groups.

MSG causes physiological and behavioral changes,
such as loss of muscle strength and decreased
locomotor activity (Campos-Sepulveda et al. 2009).
MSG-supplemented foods have been reported to
cause muscle stiffness, redness of the skin, burning in
the chest and unusual pain sensations, migraines,
atypical facial pain or pressure, and needle-pricking
sensations (Schaumburg et al. 1969, Rhodes et al
1991, Yang et al. 1997). MSG administration has been
reported to cause biochemical and morphological
changes in the heart tissue, as well as changes in heart
rhythm (Baky et al. 2009, Liu et al. 2013, Kumar and
Bhandari 2013). Swamy et al. (2014) administered 2
g/kg of MSG intraperitoneally to Wistar albino rats
and reported that MSG caused behavioral and
physiological changes (decreased locomotor activity
and loss of muscle strength).
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Other studies have reported that MSG administration
causes a significant increase in the concentration of
interstitial  glutamate in the masseter muscle
(Kitamura et al. 2010) and leads to a decrease in the
afferent mechanical threshold (Cairns et al. 2007).

In previous studies, it has been reported that the
agents exposed during the prenatal period adversely
affect muscle development (Giindiiz and Oznurlu
2014, Sadighara et al. 2013). Oznurlu et al. (2022)
injected different doses of bisphenol A (BPA) into
the yolk and reported that the embryonic
development of the skeletal muscle was delayed in the
BPA-treated groups and that the number of PCNA-
positive cells was higher compared to the control.
Mokhtar and Sewelam (2021) showed that MSG
administration in neonatal albino rats caused
disruption in the cardiac muscle fibers, extravasated
hemorrhage, and massive degenerative changes such
as nuclear pycnosis, necrosis, and cytoplasmic
vacuolation in cardiomyocytes. Elwan et al. (2021)
reported that aflatoxin Bl injected into the egg at
different doses increased the expression of caspase-3
in the chick embryo. El Kotb et al. (2020) reported
that strong positive caspase-3 immunoreactivity was
observed in the cells of the interstitial spaces and
seminiferous tubules in the groups given MSG.
Mohamed and Mohamed (2021) reported an increase
in positive caspase-3 immunoreactivity in the testis
tissue of rats as a tresult of oral administration of
MSG for 4 weeks.

In this study, the development of skeletal muscle was
delayed in the MSG groups compared to the control
groups. This delay was characterized by the formation
of myotubes or the prolongation of their formation
process. Caspase-3 immunopositivity reactivity was
also found to be higher in the MSG groups on the
21st day of incubation than in the control groups, and
a statistically significant difference was observed
between the MSG groups administered different
doses (p < 0.05). In particular, caspase-3
immunopositivity in the skeletal muscle was found to
be significantly (p < 0.05) higher in the groups
administered 0.6 and 1.2 mg/g MSG than in the
group administered 0.12 mg/g MSG. Higher caspase-
3 immunopositivity in the MSG groups may be due
to degenerative and necrotic in muscle fibers changes
and the presence of incomplete myotubes.

CONCLUSION

In conclusion, it was determined that in ovo
administered MSG could adversely affect embryonic
development of skeletal muscle tissue along with
causing may be due to degenerative and necrotic in
muscle fibers changes in developing the skeletal
muscle.
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ABSTRACT

This research was carried out to investigate the effects of farm scale on animal management practices in Pirlak sheep
farms in the Emirdag District of Afyonkarahisar province. A total of 56 Pirlak farms determined by simple random
sampling were divided into three scale groups small (<50 heads), medium (51-100 heads), and large (>101 heads) based
on sheep and ram numbers. The data were collected through measurements, observations, and face-to-face interviews
with the farmers. The farm-scale significantly affected the feed production capacity, barn size, window area, lamp
number, herd dog number, litter and manure removal frequencies, lamb production, penning the ewes with their
lambs, and marketing of dairy products. The pasture-based extensive sheep production system was widespread in
Pirlak farms, and the air quality, litter management, and frequency of equipment cleaning and manure removal were
poorer than expected in those typical local sheep batns. Moteover, the farm's records related to production
performance, animal diseases, and treatments were not kept. It has been understood that grazing, milking, lamb care,
reproduction, and shearing processes were carried out with traditional methods, mostly without machinery. Since the
Pirlak sheep breed is a hardy domestic breed adapted to this region for decades, improving efforts for the Pirlak sheep
can increase the breed's performance. In conclusion, it has been concluded that the farm management capacities of
Pirlak Farms in the Emirdag can be supported with more financial government aid and farmers' training in sheep
breeding, animal health and welfare, and business economics.

Keywords: Animal management practices, Emirdag district, Farm-scale, Pirlak sheep farms
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Pirlak Koyunculuk Igletmelerinde Isletme Biiyiikliigiiniin Hayvan Yénetimi Uygulamalarina Etkisi

(074

Bu arastirma Afyonkarahisar ili Emirdag Tlcesi'nde bulunan Pirlak koyunculuk isletmelerinde isletme bityiikliginiin
hayvan y6netimi uygulamalarina etkisinin incelenmesi amactyla yapilmustir. Basit tesadiifi 6rnekleme ile belitlenen 56
adet Pirlak koyunculuk isletmesi koyun ve kog sayisina gére kiicik (<50 bas), orta (51-100 bas) ve biyik (>101 bas)
Olgekli olmak tizere 3 gruba bélunmistir. Arastirmanin verileri isletmelerde yapilan Sl¢tim, gbzlem ve ciftciler ile yiiz
yiize goriismeler yoluyla elde edilmistir. Tsletme biyiikliginiin yem bitkisi tiretimi kapasitesi, agil byiikligi, pencere
alani, agil ici lamba sayisi, stirii képegi sayisy, altlik ve giibre uzaklastirma sikligt, kuzu Gretimi, koyunlarin kuzulu koyun
bélmerinde barindirilmast ve siit Granlerinin satist tizerine 6nemli derecede etki yaptigi tespit edilmistir. Genel olarak,
Pirlak isletmelerinde meraya dayali ekstansif yetistiricilik yapildigi, yoreye 6zgi tipik koyun agillarinda hava kalitesi, altlik
yonetimi, ekipman temizligi ve giibre uzaklastirma sikliginin beklenenden daha zayif oldugu tespit edilmistir. Ayrica
verim performansi, hayvan hastaliklart ve yapilan tedavilere iliskin ¢iftlik kayitlarin tutulmadigr gérilmistir. Otlatma,
sagim, kuzu bakimi, sifat ve kirkim islemlerinin gelencksel yontemlerle ve agirlikla makine kullanmadan yapildigt
anlagtlmustir. Pirlak koyun itki onlarca yildir bu bélgeye uyum saglamis dayanikli yerli bir 1tk oldugu icin yapilacak islah
caligmalart bu 1rkin performansint artirabilecektir. Sonug olarak, Emirdag'da bulunan Pirlak koyunculuk isletmelerinin
hayvan yonetimi kapasitelerinin kamu mali tesviklerinin arttirilmast ve koyun yetistiriciligi, hayvan saglig ve refaht ile
isletme ekonomisi konularinda ciftcilerin egitimi ile desteklenebilecegi kanaatine varilmustir.
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INTRODUCTION

Turkey is among the leading countries in sheep
production in the wotld. The sheep population was
23.089.091 in 2010 Turkey, which increased to
31.507.934 in 2015 (TUIK 2019). There is a significant
potential for small animal breeding with 778.120 sheep
and 60.908 goats that can make the best use of pastures
in Afyonkarahisar in 2015. Sheep breeding has been
accomplished for generations in the Emirdag District of
Afyonkarahisar. The most typical features of traditional
sheep breeding can also be seen in addition to modern
livestock farms. Animal production efficiency depends
on total animal numbers and the amounts of the
product obtained per animal. The success of breeding
efforts to increase the animal genetic capacity for yields
1s impressed by the conditions in which animals are
raised. So, it is more than necessary to provide a proper
environment, sufficient care, and feeding to obtain
yields to the extent of the animal's genetic capacity.

Humans manage all procedures concerning sheep health
and yields (Alcedo et al., 2015, Bokkers 2006, Bozkurt et
al., 2013). For this reason, there is a need for a current
situation analysis in sheep breeding to examine human-
animal interactions, to increase the current animal health
and welfare standards in sheep farms, and to increase
the animal welfare knowledge and skills of those
responsible for the care and management of sheep
(Caroprese et al. 2016, Fedele et al. 1993, Fregonesi and
Leaver 2001).

Animal management practices can affect human-animal
interactions in traditional sheep farms (Le Neindre et al.
2004, Raina et al. 2017, Sejian et al. 2010, Sevi et al.
1999). Studies on the effects of farm scale on traditional
sheep breeding are limited. This research aimed to
determine the effects of farm scale on animal
management practices in Pirlak sheep farms in the
Emirdag District of Afyonkarahisar.

MATERIAL AND METHOD

This research was carried out in the Emirdag District of
Afyonkarahisar in the Inner-West Anatolia Region.
Considering the information obtained from the
Afyonkarahisar Provincial Directorate of Agriculture
and Forestry, the farms in which only Pirlak sheep are
raised (594 farms) were specified in the Emirdag district.
Sampling was used due to constraints such as time, cost,
and distance, and a simple random cluster sampling
method was applied considering the geographical
distribution of Pirlak Farms in the Emirdag district (Ural
and Kili¢ 2013). The Yiregil village was appropriate in
terms of the implementation of the research survey
(Latitude: 39°1'31.82"N; Longitude: 31°1'29.99" E).
There were only Pirlak sheep farms in all three
neighborhoods of the village. The formula suggested by
Sekaran (2003), was used in determining the sample
scale with 95% reliability and a 6% sampling error.

The formula is given below;
n=N.P.Q.Za2/((N-1).d2+P.Q.Za2)

From the parameters in the formula, N=594, P=50%,
Q=50%, the theoretical value corresponding to the
significance level of 0.05 Za=1.96, d=6% is taken, and
the minimum sample scale was calculated as 72 farms.
In this context, all 74 farms in Yuregil Village wete
visited. Statistical analyses were made on the data
collected from 56 farms that were active at the time of
the visit and accepted to participate in the research and
had a 20 sheep capacity or more. The farms were
assigned to small (<50 heads), medium (51-100 heads),
and large (>101 heads) enterprise scale groups taking
into account the total number of sheep and rams in the
farms. The research was conducted on 15, 20, and 21
farms in small, medium, and large-scale groups,
respectively. A measurement, observation, and
evaluation form were developed and used to collection
rescarch data related to agricultural activities, land
characteristics, and animal existence of Pirlak sheep
farms. Additionally, the practices related to sheep
feeding, housing, health and welfare management, and
managing pregnant animals and lambs were observed
and examined on the farms. Also, information and data
on animal management were obtained through face-to-
face interviews with the farmers. Descriptive statistics
such as frequency, percentage distribution, arithmetic
mean, and standard error in the mean were assessed to
analyze the collected data. In addition, the One-Way
ANOVA test (P1) was applied in the quantitative data
analysis to compare the farm-scale groups regarding the
parameters examined. The Person Chi-Square test (P2)
was performed for the qualitative data.

RESULTS

The feed crops (barley, wheat, oat, and alfalfa) were
produced in 57.58% of the Pirlak farms, and the average
arable land was 43 decades. The results of the
agricultural assets owned and management of input and
storage in Pirlak Farms are presented in Table 1. Small-
scale enterprises were not landowners; as the farm scale
increased, so did the land availability in the other two
scale groups. The average number of ewes and rams
(83.39 heads) raised in Pirlak farms during the last 12
months also increased significantly as the farm scale
increased. There was a storage area in 69.09% of farms
(average of 44.39 m? for feed, medicine, and
equipment, but the storage area did not significantly
increase with the farm scale. The struggle with rodents,
especially in feed storerooms, was managed with cats
and mousetraps. Rodenticide was used only in some
large-scale (5%) enterprises. There was no manure depot
in 83.93% of Pirlak farms, and the farm scale did not
affect this parameter.
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The results concerning sheep barns and housing
management in Pirlak farms are given in Table 2. The
sheep barns' dimensions (width, length, and total barn
area) differed significantly (p<<0.05, p<<0.01) in the farm-
scale groups. Barn heights were similar in all the groups.
Although the share of covered area per animal was not
statistically different between farm-scale groups, it was
somewhat low, especially in small- and large-scale farms.
The farm-scale affected the average number of windows
(p<0.01) and the total window area of the barns
(p<0.01), but it was not affected the numbers or
dimensions of barn doors and the traits of chimneys and
courtyards. As the farm-scale increased, the number of
lamps used in the barn increased ( p<0.01), but the farm
scale did not affect the lamp type. The farm-scale did
not affect the parameters such as barn type, barn
construction and wall condition, shelter availability, and
roofing materials. Only 16.07% of the farms had shelter.
"I" type barns were observed in 96.43%, and all barn
units were under a single roof in 87.50 % of the farms.
The barn's wall construction was rubble stone masonry
in 64.29%, and stone reinforced concreted in 3.56%
(ashlar random masonry with bricket and stone), and a
mixture of materials such as stone, wood, and adobe in
32.15% of farms. Barn walls were plastered in 30.36%
of the farms. The ratios of Pirlak farms that used tile or
wood for roofing sheep pens were calculated as 96.43%
and 3.57%. The farm scale did not affect the parameters
such as barn type, barn construction and wall condition,
shelter availability, and roofing materials.

The results on the management of animal feeding and
grazing in the Pirlak farms are given in the Table 3.
Portable feeders and drinkers were used on all farms. In
all of the Pitlak farms, it was observed that water was
supplied from the city water network so that animals
could reach clean water resources. It has been detected
that automatic equipment was not used in all sheep
farms, and there was no generator. As seen in Table 3,
the average daily feed and water meals were 1.07 and
1.11, and these parameters were not affected by the
farm scale. The animals grazed an average of 263.64
days per year (an average of 226.02 days at night and
37.63 days at daytime), and the effect of the farm scale
was insignificant. In addition, it has been determined
that there was no drinking water supply in the pasture. It
was determined that the number of herd dogs
petrforming in herd management and safeguarding was
significant (p<<0.01) affected by the farm scale, more
dogs were employed in medium-scaled enterprises, and
two out of three were male dogs (p<<0.05). Additionally,
the daily animal feed allocation was supplied with a thin
box in 96.43% of the farms and with bales in 3.57%.

The results related to animal health and welfare
management in Pirlak farms are shown in Table 4. The
farm scale did not significantly affect the feeder and
waterer cleaning frequencies, barns disinfection
frequency, and barn floor conditions such as slope and
drainage. The frequency of litter and manure removal
from the barn was lower for large-scale farms (p<<0.05).
There were neither disinfection procedures for people

and vehicle motions at entrances and exits, nor were dip
baths for sheep during treatments against ectoparasites.
The results on the management of milking, shearing,
and marketing in Pirlak farms are presented in Table 5.
The Pirlak farms had no milking chamber or milk
cooling system. Though the farm scale did not affect the
daily milking frequency, milking time, and milk usage
method, it was reported that the milk produced in the
farms was used for family consumption (46.43%) or
marketed as traditional dairy products (53.57%). Pirlak
farms were shearing sheep mostly in June (94.64%), and
the most preferred method was shearing manually with
scissors (96.43%). The keeping conditions of shearing
equipment were not appropriate(96.43%). Also, there
was no particular shearing area, and the farmers said
they sold the fleece. The farmers mentioned using the
milk they produced to make traditional dairy products
such as yogurt and local cheese. The effects of the farm
scale were significant (p<0.05) for milk and milk
product marketing but insignificant for manure dispose
and marketing.

The findings related to the management of the care of
pregnant and lactating ewes and lambs and breeding in
the Pirlak farms are given in Table 6. The free mating
method was practiced in all farms. The rams were
always kept with sheep, including those pregnant in
85.70% of the farms. The farm-scale significantly
affected the number of ewes that were lambing and the
number of single or twin lambing (p<<0.01). The farm-
scale was not meaningful for the first colostrum intake
time, weaning age, suckling frequency, weighting and
fattening of the lambs, and the orphaned lamb feeding
method. The farmers reported that the first colostrum
meal time of the lambs was 11.21 hours after birth. Dry
grass was given to the lambs after an average of 8.05
days; the average weaning age was 143.36 days. All of
the Pirlak farms used the age criterion for weaning. All
newborn lambs were identified by ear tags and were
vaccinated against Sheep and Goat Plague, Foot and
Mouth Disease, Brucella, and Enterotoxemia. In all
farms, the lambs were not regularly weighed for growth
checks. The farm scale's effect was insignificant
regarding the availability of lamb pens, rams pens, and
lambing pens in the barns. The farm-scale affected the
housing of ewes with their lambs up to the weaning age
(p<0.05). The farm's ratio of the farms penning lambs
with ewes was higher (89.29%) than the farms penning
lamb and ewes(10.71%) separately. The method used
for feeding orphaned lambs were milk bottle suckling
(1.79%) or cross-fostering of lambs to another lactating
ewe voluntarily (12.50%) or involuntarily (85.71%). The
farm-scale effect was insignificant for this parameter.
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Table 1. The results regarding the agricultural assets owned, and the management of input and storage in the Pirlak farms

Farm Scale

Parameters Traits Small Medium Large Total P1 P2

Herd (head) Rams +Ewes 34.20£1.51¢ 65.57 £2.82b 141.10 £8.362 83.3946.78  0.000

Storage Storage area (m?) 36.30+4.23 47.38+6.52 47.2046.21 44394350 0395

Storage availability (%o) Yes 71.43 61.90 75.00 69.09 0.647
No 28.57 38.10 25.00 30.91

Feed storage conditions (%0) Partially suitable 13.33 33.33 50.00 33.33 0.084
Insufficient 86.67 66.67 50.00 66.67

Rodent struggle method (%)  Cat 6.67 14.29 20.00 14.29 0.521
Cat+ mousetrap 93.33 85.71 75.00 83.92
Cat+ mousetrap+ 0.00 0.00 5.00 1.79
rodenticide

Manure storage (%o) Yes 13.33 28.57 5.00 16.07 0.115
No 86.67 71.43 95.00 83.93

Forage crop production (%o) Yes 13.33 42.86 40.00 33.93 0.141
No 86.67 57.14 60.00 66.07

P1=0One-Way ANOVA test was applied to analyse the quantitative data. P2=Person Chi-Square test was performed for the qualitative data.
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Table 2. The results concerning sheep barns and the management of sheep housing in Pirlak farms

Farm Scale

Parameters Traits Small Medium Large Total P1 P2

Sheep barn Width (m) 5.60£0.273b 7.63£0.51 b 11.4742.09 4 8.4310.83 0.012
Length (m) 12.4041.47 b 13.55+1.43 b 19.4042.30 15.36+1.13 0.021
Height (m) 2.56+0.18 2.67+0.17 2.2040.25 2.460.12 0.253
Total barn area(m?) 69.80+9.56b 109.58+20.62b 202.05435.30 131.11+16.49 0.003

Window Number 1.86+0.25b 2.00+0.21b 3.70+0.31a 2.58+0.19 0.001
Width (cm) 65.46£5.45 87.45+7.87 70.32+6.14 75.69+4.15 0.067
Length(cm) 72.3845.31 87.75+3.99 86.79+4.88 83.56+2.80 0.152
Area (m?) 0.85+0.15¢ 1.65£0.29b 2.4440.30 2 1.7240.18 0.001

Chimney Number 0.86+0.29 0.81+0.31 1.3740.34 1.0240.19 0.395
Width(cm) 26.6742.11 27.5041.64 27.3843.87 27.26%1.93 0.987

Barn door Height (cm) 180.0046.05 182.05%4.49 180.50+7.81 180.95+3.58 0.972
Width (cm) 165.50+8.43 193.00+12.96 192.58+11.95 186.24+7.07 0.262

Courtyard (m) Width (m) 8.2741.03 9.5240.79 12.15%1.41 10.1340.67 0.057
Length(m) 17.6745.97 16.81+1.14 21.2041.75 18.61%1.75 0.541

Lamp number Number 2.13+0.19b 2.6240.20b 3.3540.21a 2.75+0.13 0.001

Lamp type (%) Tungsten 100.00 90.48 90.00 92.86 0.454
Fluorescent 0.00 9.52 10.00 7.14

Courtyard fencing (%) Stone 6.68 14.29 15.00 12.50 0.725
Wire 93.32 85.71 85.00 87.50

Shelter avaibility (%) Yes 6.67 28.67 10.00 16.07 0.138
No 93.22 71.43 90.00 83.93

Barn type (%) I type 100.00 100.00 90.00 96.43 0.155
L type 0.00 0.00 10.00 3.57

Barn construction (%) Rubble stone masonty 66.67 61.90 65.00 64.29 0.937
Stone reinforced concreted 0.00 476 5.00 3.56
Mix.(stone+wood+adobe) 33.33 33.34 30.00 32.15

Barn wall condition (%) Plastered 13.33 38.10 35.00 30.36 0.240
Unplastered 86.67 61.90 65.00 69.64

Barn units (%) Single roof 100.00 85.71 80.00 87.50 0.199
Seperate roofs 0.00 14.29 20.00 12.50

Roofing material (%) Tile 100.00 90.48 100.00 96.43 0.178
Wooden 0.00 9.52 0.00 3.57

P1=0One-Way ANOVA test was applied to analyse the quantitative data. P2=Person Chi-Square test was performed for the qualitative data.
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Table 3. The results on the management of animal feeding and grazing in Pirlak farms

Farm Scale
Parameters Traits Small Medium Large Total P1 P2
Daily frequency Feeding (times) 1.00£0.00 1.2440.12 1.0540.05 1.11£0.05 0.106
Watering (times) 1.00£0.00 1.0540.05 1.1540.08 1.0740.04 0.211
Grazing Nights (days) 226.27+5.82 221.24410.5 230.85+5.64 226.02+4.66 0.685
Daytimes (days) 46.73£5.57 37.76£5.92 30.65+4.43 37.63£3.29 0.162
Total (days) 273.00£2.00 259.00+7.54 261.50+4.42 263.6443.17 0.195
Herd dogs(head) Male dog 1.474£0.17b 2.05+0.152 2.00+0.154 1.88+0.92 0.024
Female dog 0.80+0.14b 0.71+0.17® 1.20+0.162 0.9140.09 0.007
Total 2.20£0.11¢ 2.76+0.21b 3.20£0.192 2.77+0.12 0.002
Feed supply (Vo) Purchase 93.34 71.43 70.00 76.79 0.206
Produced 6.66 28.57 30.00 23.21
+Purchase
Feed supply type(%)  Thin box 100.00 100.00 90.00 96.43 0.155
Bale 0.00 0.00 10.00 3.57

P1=0ne-Way ANOVA test was applied to analyse the quantitative data.

P2=Person Chi-Square test was performed for the qualitative data.
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Table 4. The results on management of animal health and welfare in Pirlak farms

Farm Scale

Parameters Traits Small Medium Large Total P1 P2

Feeder cleaning frequency (times/month) 3.43%1.18 3.24+0.74 5.00£1.15 3.93+0.59 0.388

Water cleaning frequency (times/year) 3.00+0.92 2.95+0.76 5.80%1.36 3.9840.630  0.098

Barn disinfection frequency(times/year) 1.00£0.00 1.10£0.07 1.15%0.08 1.09+0.04 0.315

Frequency of litter and manure removal 1.2740.122 1.2940.104 1.00+0.00b 1.18+0.05 0.033

from the barn (times/year)

Barn disinfection (%) With slaked lime  93.33 90.48 100.00 94.64 0.386
No 6.67 9.52 0.00 5.36

Floor slope (%) Yes 0.00 0.00 5.00 1.85 0.421
No 100.00 100.00 95.00 98.15

Barn floor drainage (%) Sufficient 100.00 90.48 75.00 87.50 0.075
Insufficient 0.00 9.52 25.00 12.50

Farm records (%) Recording 0.00 0.00 5.26 1.85 0.391
No 100.00 100.00 94.74 98.15

P1=0ne-Way ANOVA test was applied to analyse the quantitative data. P2=Person Chi-Square test was performed for the qualitative data.
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Table 5. The obtained results on the management of milking, shearing, and marketing in Pirlak farms

Farm Scale
Parameters Traits Small Medium Large Total P1 P2
Milking Daily milking frequency 1.002£0.00 1.10£0.07 1.00£0.00 1.0440.03 0169
Milking time (minutes) 30424042 41.67£5.63 43.18+8.32 38784336 0.280
Product price Cheese (kg/TL) 40.00£0.00 41.43%£2.10 45.00£0.00 41.82%1.55 0.639
Yogurt (kg/TT) 4.00£0.00 4.1740.17 4.1740.17 4.14+0.10 0.856
Wool (kg/TL) 3.00£0.32 2.83+0.19 2.6840.21 2.80+0.13 0.651
Dairy product marketing(%)  Yes 20.00b 61.902 70.002 53.57 0.008
No 80.00 38.10 30.00 46.43
Milk product types (%0) Yogurt 40.00 23.81 15.00 25.00 0.346
Cheese+Yogurt 60.00 76.19 80.00 73.21
Local cheese 0.00 0.00 5.00 1.79
Shearing time (%) June 93.33 95.24 95.00 94.64 0.965
July 6.67 4.76 5.00 5.36
Shearing method (%) Shearing with scissor 100.00 95.24 95.00 96.43 0.684
Shearing with machine 0.00 4.76 5.00 3.57
Keeping condition of Appropriate 0.00 9.52 0.00 3.57 0.178
shearing equipment Not appropriate 100.00 90.48 100.00 96.43
Manure disposing (%o) Marketing 13.33 0.00 0.00 3.57 0.056
Fertilizing into own field  60.00 71.43 45.00 58.93
Throw away 26.67 28.57 55.00 37.50

P1=0ne-Way ANOVA test was applied to analyse the quantitative data. P2=Person Chi-Square test was performed for the qualitative data.

64



Table 6. The results related to the management of breeding and care of pregnant and lactating ewes in Pirlak farms

Farm Scale
Parameters Traits Small Medium Large Total P1 P2
Number of lambing sheep (head) 31.13£1.66< 60.8043.99b>  135.25+7.93a 79.78+6.74  0.000
Number of single lambing sheep(head) 26.27+1.36¢ 47.254327b  108.25%£6.794 63.71+5.45 0.000
Number of twin lambing sheep (head) 4.87+0.87 13.55+1.91b 26.80+3.12a 16.00+1.79 0.000
First colostrum intake time (hours) 12.80+1.31 11.24+0.87 10.0040.60 11.2140.53  0.121
Weaning age (days) 147.00£3.21 145.1443.20 138.75+3.35 143.36£1.93  0.192
Frequency of suckling (times/day) 1.00£0.00 1.19£0.09 1.10£0.07 1.1140.04 0.196
Availability of indoor pen (%) Lamb pen 100.00 85.71 80.00 87.50 0.507
Ram pen 0.00 9.52 15.00 8.93
Lambing pen 0.00 476 5.00 3.57
Regular lamb weighing (%) Yes 0.00 0.00 10.00 3.57 0.155
No 100.00 100.00 90.00 96.43
Lamb fattening (%0) Yes 6.66 14.29 5.00 8.93 0.545
No 93,34 85.71 95.0 91.07
Penning lambs with ewes (%0) Yes 100.002 76.195 95.002 89.29 0.044
No 0.00 23.81 5.00 10.71
Orphaned lamb feeding method (%) Suckling 0.00 0.00 5.00 1.79 0.198
cross-fostering- 20.00 19.05 0.00 12.50
volunteer
cros-fostering- 80.00 80.95 95.00 85.71
unvolunteer

P1=0ne-Way ANOVA test was applied to analyse the quantitative data. P2=Person Chi-Square test was performed for the qualitative data.



DISCUSSION

As the farm scale increased, the number of sheep and
rams increased. It was observed that lambs were sold
after weaning, especially in small-scale enterprises.
This situation shows that lambs are sold to provide
subsistence for the family and to purchase production
inputs for farms, such as feed. It was detected that
two-thirds of the enterprises still need to produce
feed. These results generally agree with medium- and
small-scale sheep farming (Mthi et al. 2017). These
results show that the feed input of Pirlak enterprises
in the Emirdag district heavily depends on foreign
sources. The scarcity of land to produce fodder crops
makes it difficult to meet the cost of animal feed in
these enterprises, which are already engaged in sheep
breeding to ensure family livelihood. Fourie et al
(2018) also reported that insufficient land availability
and inadequate agricultural equipment are the most
critical problems in family sheep farms with a similar
structure in their study in rural areas of South Africa.
We observed storage rooms in two-thirds of the
sheep farms, but the capacity of the storage rooms
needed to be more proportional to the farm scale.
This finding showed that the storage area needed to
be improved, especially in large enterprises. However,
it was evaluated that the storage room conditions
(such as ventilation, storage, floor, and cleaning) were
poor for small and medium- scaled enterprises. In
feed storage rooms, it was seen that the struggle
against rodents was done with cat and mouse traps,
and rodenticide was used for this purpose in very few
large-scale (5%) enterprises. Although the success of
this traditional control method can be arguable in
dealing with rodents, this method could reduce
possible poisoning cases due to rodenticide
consumption as well as sheep deaths. According to
Tokur et al. (2021), insecticides and rodenticides
constitute the most critical part of animal poisoning
cases. The rodent problem is considered more
prominent because of the cost, especially in small and
medium-scale enterprises. Steen et al. (2005) reported
a significant interaction between sheep density and
rodent population, and the number of rodents
decreases as the number of sheep decreases in the
sheep housing areas.

As the number of animals on the farm increased, the
area of the barn also increased. However, the barn's
height did not change significantly, suggesting that
the air and ground quality decreased with the
increased number of animals in the barn. Motreover,
in large-scale enterprises with the highest animal
number, the problems related to ventilation and
moisture management in these crowded barns were
getting deeper. As the farm scale increased, the
average number of barn windows (1.86-3.70) and
total window area (0.85-2.44 m?) increased. Although
this situation provides an advantage for these

naturally ventilated barns, the average chimney
opening was low. This may have caused the barn's
comfort and air quality levels unsuitable (Tuyttens
2005, Caroprese 2008, Stafford and Gregory 2008,
Wadhwani et al. 2016). The total microorganism and
coliform budget in the barns' air was reported to be
significantly lower in barns with a 2 m2/head living
area compared to more crowded barns (1.5 or 1

m2/head) (P<0.05) (Sevi et al. 1999).

In the study, the number of animals increased parallel
with the farm's scale, but the batns' physical structure
and the conditions affecting the animals were similar
in all farm scale groups. On all farms, the barns were
earthen-floored, the barn walls were constructed of
rubble stone masonry and were unplastered, and all
barn units were under one single roof. These local
and traditional corrals were very restrictive for
animals and needed more administrative flexibility
(Sevi et al. 1999). On the other hand, it has been
reported that socio-cultural and ecological risks that
arise from animal farming are lower in this type of
sheep breeding compared to large intensive farms
(Middleton 2013, Babai and Molnar 2014).

It was detected that the feeders and drinkers were
portable and suitable for group use, and ideal for
sheep drinking. The animal feeding management,
mainly based on pasture, was supplemented with
roughage and concentrated feeding once a day in the
barn. However, determining the animals' daily feed
allowance was not considered to age, yield, or other
physiological needs of the animals. The feed was
pouted into the group feeders with standard scales
such as buckets or tins without considering the feed
content. In addition, water was provided once or
twice a day when the animals were in the yard or after
their return from the pasture. These findings are
interesting  regarding the success of feeding
management in enterprises. Because this feeding
management can lead both obstruct the feed intake of
recessive animals that were in the social order by
superior animals, and the feed intake according to the
needs of each animal could not be guaranteed. While
this situation increases the heterogeneity in the flock
in terms of live weight, it may also cause a decrease in
meat yields for a fattening period or excessive weight
loss (Phillips et al., 2014).In addition, it was thought
that the knowledge and skills in animal feeding
management and animal behaviours of the farmers
might need to be improved because the farmers
reported that they learned sheep breeding from their
family elders and neighbour farmers (Phythian et al.
2014).
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Sheep were grazed between spring and autumn if the
pasture grass capacity was appropriate. After their
return to the barns, animals were supplemented with
concentrated feed. This feeding management is
standard for extensive sheep breeding (Dwyer 2009).
However, Spigarelli et al. (2020) report that grazing
has several other benefits. With grazing, there is a
chance of getting rid of unfavourable indoor housing
conditions, the sheep reaching fresh roughage, and
the hoof health is positively affected by exercise
(Dwyer 2009, Liu et al. 2012). As a traditional model,
this feeding management was similar for farm-scale
groups. Expectedly, as the farm scale increased, the
number of sheep and herding dogs increased (2.20-
3.20 heads). This result shows that dogs have a
dominant role in herd management. In almost every
business, male and female dogs worked together for
sheep flock management. Flock dogs protect the
sheep from predators and help to prevent economic
losses due to predator attacks. On the other hand,
Goddard (2011) reported that sheep perceive
shepherd dogs as predators and that the primary
reaction of sheep against herding dogs is avoidance or
distance. For this reason, the ability and skill of
herding dogs to manage the herd are essential.
Lawson (1989) reported that predator attacks cause
significant economic losses due to lamb and sheep
deaths and injuries.

There were no differences between farm scale groups
for manure removal frequency. In general, the effect
of farm scale on animal health and welfare
management was insignificant. However, the
frequency of manure removal was low in large-scale
farms. Caroprese (2008) also reported that poor
housing conditions harm udder health and increased
mastitis risk, and there is a relationship between low
yield and low milk quality. Phythian et al. (2014)
reported that veterinarians could work with sheep
farmers to increase production and operating
profitability and help farmers develop and implement
herd health programs.

Half of the farms (53.57%) produced local dairy
products (yogurt and cheese) and marketed them to
local bazaars. Similarly, fleece was sold al all farms.
The ratio of the farms selling sheep manure was only
3.57%. These results showed that regardless of the
scale of the farms, Pirlak farms did not have a
professional management approach in product
marketing, and they had traditional management
suitable for local and regional conditions. It was
argued that the difficulties in marketing raw milk and
the high demand for local yogurt and cheese in local
markets induced these results. However, it has been
observed that there are no specific standards or
favourable marketing channels for producing and
marketing these products. It has been evaluated that
the farmers need more marketing knowledge and
skills. Indeed, Fourie et al. (2018) stated that poor

marketing skills are among the limiting factors faced
by small-scale farms.

Sheep and rams were housed in the same barns on
the farms. Only 3.57% of the farms had lambing
pens, and the newly giving birth ewes stayed with
their lambs for a few days in these pens. In 87.50% of
the farms, the weaned lambs or sheep were graze on
the pasture, while the suckled lambs were kept in the
lamb pens. The management processes for the ewes
that gave birth or the care of the lambs were not
different. These findings reveal concerns about the
sensitive care and animal management requitements
to be met in farms with more animals and lambs. As
the scale of the farm increased, it was seen that the
number of sheep that gave birth and that were
reformed was also higher. Accordingly, it was thought
that there is a higher risk in terms of pregnant sheep
care, delivery management, and lamb care on large
farms. Dwyer (2008) also reported that good care and
management for pregnant animals improves the
health and welfare of sheep, and lambs born in poor
conditions may have increased stress reactivity later in
life. Again, it showed that using methods such as
artificial lamb feeding or involuntary breastfeeding to
care for orphaned lambs in large-scale farms with
multiple births can cause a conflict of rejection or
acceptance between lamb and ewe. Dwyer (2008)
reported that managerial actions such as painful
procedures without analgesics or disruption of the
sheep-lamb bond by permanent or temporary
separation could be a source of poor welfare for the
newborn lamb.

The results obtained in the study demonstrate that
Pirlak farms are traditional operations with low
income and low investment. These family-type farms
can offer potential opportunities for regional rural
development policies. Because the Pirlak sheep breed
is a hardy domestic breed that has been adapted to
this region for decades, it has the potential to provide
high economic income under better care and
management. It has been detected that no efforts
have been carried out on animal improvement or
farmer training in these Pirlak enterprises in Emirdag.
Indeed, in the Emirdag district, within the scope of
the “Community based animal improvement project
of Ramlic Sheep” conducted by the General
Directorate of Agricultural Research and Policies, an
important increase has been reached in fertility and
litter size. Also, the livability, birth weight, weaning
weight, and daily body weight gain of Ramli¢ lambs
wete increased within this project's scope (Teketli et
al.2021). Similarly, if Pirlak sheep are included in the
scope of the Community based animal improvement
program, it is thought that significant increases in the
yields of the Pirlak sheep breed can be achieved, and
the quality of animal management can be improved.
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CONCLUSION

As a result, the feed production capacity, barn size,
window area, lamp number, herd dog number, litter
and manure removal frequencies, lamb production,
penning ewes with their lambs, and marketing of
dairy products were significantly affected by the farm
scale. However, the farm scale did not affect the
other examined parameters regarding housing,
feeding, breeding, animal care, and animal health and
welfare. The results obtained in the study indicated
that Pirlak farms in Emirdag were traditional farms
having low equity capital and income. These family-
type farms offer potential opportunities for regional
rural development policies and an animal-friendly or
traditional food industry. Because the Pirlak sheep
breed is a hardy domestic breed that has been adapted
to this region for decades, the improvement efforts to
be carried out on the Pirlak sheep can increase the
performance of this breed. In conclusion, it has been
concluded that the farm management capacities of
Pirlak Farms in the Emirdag should be supported
with more public financial incentives and farmers'
training in sheep breeding, animal health and welfare,
and business economics.
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ABSTRACT

Ice cream is a commonly consumed milk product with a high nutritive value. In this study, microbiological
properties of packaged ice cream (40) and unpackaged ice cream (40) samples marketed in Afyonkarahisar were
investigated. The results of the study showed that minimum and maximum levels of total mesophilic aerobic
bacteria, total psychrophilic bactetia, Enterobacteriaceae, coliform, coagulase-positive staphylococci, yeast/mould
determined as <2.00 and 4.30; <2.00 and 2.48; <2.00 and 3.42; <2.00 and 2.48; <2.00 and 2.60; <2.00 and 3.78
log cfu/g for packaged ice cream samples; 3.20 and 5.96; <2.00 and 2.82; <2.00 and 6.20; <2.00 and 5.68; <2.00
and 5.53; <2.00 and 3.60 log cfu/g for unpackaged ice cream samples. Also, E. co/i was only found in unpackaged
ice cream samples. In addition, none of the ice cream samples was contaminated with Salmonella spp. and Listeria
spp. In conclusion, microbiological analysis of ice cream samples showed that especially unpackaged ice cream
samples contain different levels of E.col, coliform and coagulase-positive staphylococci, which indicates an
insufficient hygienic quality. To bring hygienic quality to the desired level, hygienic measures must be followed at
all stages of ice cream production.

Keywords: Hygiene, ice cream, microbiology, public health
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Afyonkarahisar’da Tiiketime Sunulan Ambalajli ve Ambalajsiz Dondurma Orneklerinin Mikrobiyolojik
Kalite Parametrelerinin Aragtirilmasi

(074

Dondurma, yaygin olarak tiiketilen yiiksek besin degerine sahip bir siit tirtintdir. Bu ¢alismada Afyonkarahisar'da
pazatlanan ambalajli dondurma (n:40) ve ambalajsiz dondurma (n:40) Orneklerinin mikrobiyolojik kalitesi
degerlendirilmistir. Calismanin sonuglart minimum ve maksimum toplam mezofilik aerobik bakteri, toplam
psikrofilik bakteti, Enferobacteriaceae, koliform, koagulaz pozitif stafilokok, maya/kif dizeylerinin ambalajli
dondurma 6rnekleti icin sirastyla <2,00 ve 4,30; <2,00 ve 2,48 ; <2,00 ve 3,42; <2,00 ve 2,48; <2,00 ve 2,60;
<2,00 ve 3,78 log kob/g oldugunu gosterirken bu degerlerin ambalajsiz dondurma érnekleri icin 3,20 ve 5,96;
<2,00 ve 2,82; <2,00 ve 6,20; <2,00 ve 5,68; <2,00 ve 5,53; <2,00 ve 3,60 oldugunu géstermistir. Ayrica, E.
colfnin sadece ambalajsiz dondurma Srneklerinde oldugu bulunmustur. Bununla bitlikte, dondurma 6rneklerinin
hicbirinin Salmonella spp. ve Listeria spp. icermedigi belirlendi. Sonug olarak, mikrobiyolojik yénden analiz edilen
dondurma Orneklerinden 6zellikle ambalajsiz olarak acikta satlanlarin degisik dizeylerde E.co/, koliform ve
koagulaz pozitif stafilokok icermesi hijyenik kalitenin yetersiz olduguna isaret etmektedir. Hijyenik kalitenin
istenen seviyeye getirilebilmesi i¢in dondurma dretiminin tim agamalarinda hijyenik tedbitlere uyulmasi
gerekmektedir.

Anahtar kelimeler: Dondurma, halk sagligi, hijyen, mikrobiyoloji
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GIRIS

Tirk Gida Kodeksi Dondurma Tebligine gére
dondurma karisimi, “icerisinde tat ve ¢esidine gore,
sut ve/veya sut urtnlerini, icme suyu, seker ve izin
verilen katki maddelerini bulunduran, istenildiginde
salep, yumurta ve/veya yumurta urlnleri, aroma
maddeleri ve cesni maddeleri gibi bilesenleri iceren,
hentz dondurulmamis haldeki karistm  Grand”;
dondurma ise “bu karisimin pastOrizasyon sonrast,
teknigine uygun olarak islenmesi ve dondurulmast ile
elde edilen, yumugak halde ya da sertlestirildikten
sonra tiketime sunulan drind” ifade etmektedir
(Turk Gida Kodeksi Dondurma Tebligi, 2005).
Dondurma kuru maddece zenginlestirilen siite, stit
tozu, sut yagl, krema, margarin, kaymak, seker, meyve
suyu, meyve, meyve ezmesi, meyve pulpu, meyve
suyu konsantresi, o6gltilmis kakao, ¢ozlnebilir
kahve, vanilin, vanilya, findik, tath badem, Antep
fistigy, yer fistig1, aroma maddeleri, cesni maddeleri ve
kivam artirict maddeler gibi bazi katki maddelerinin
eklenmesi ile elde edilen karisimin ilk olarak pastorize
edilmesi ya da pisirilmesi daha sonra sogutularak
dondurulmast ile elde edilen bir tGriindir (Digrak ve
ark.  2000; Coskun 2005; Badayman 2018).
Dondurmanin ilk olarak kim tarafindan, nerede ve ne
zaman {retildigi tam olarak bilinmemekle beraber
bundan 3000 yil kadar 6nce Cinlilerin kar ile meyve
sularin1  karigtirarak  buzlu  bir  tath  yaptiklar
bilinmektedir (Digrak ve Ozgelik 1991). Dondurma
kolay sindirilebilmesi, enerji vermesi, O6nemli bir
kalsiyum, protein, riboflavin, Vitamin A ve Vitamin D
kaynagr olmasi, tat ve aromasi, ferahlatici nitelikte
olmast gibi &zelliklerinden dolayt toplum tarafindan
sevilerek titketilen bir gida maddesidir (Coskun 2005;
Isleyici ve ark. 2016). Dondurma sahip oldugu yiiksek
besin iceriginden dolayt mikroorganizmalarin gelisimi
icin ¢ok uygun bir ortamdir. Proses geregi 1sil
islemden gecirilen ve mikrobiyal gelisim i¢in uygun
olmayan sicakliklarda muhafaza edilen bir tGrtin olmasi
sebebiyle dondurma ilk bakista mikrobiyolojik agidan
givenilir  kabul edilebilir ancak {retimin cesitli
safhalarinda c¢ok sayida mikroorganizmanin bulasma
thtimali bulunabilmektedit. Bulasan
mikroorganizmalarin ~ dondurmalarin  muhafaza
edildikleri diistik sicaklik derecelerinde uzun siire canlt
kalabildikleri bildirilmistit (Bostan ve Akin 2002;
Giner ve ark. 2004). Yetersiz pastorizasyon,
kontamine olmus katki maddelerinin kullanilmasi,
ilkel yapim teknolojisi, yetersiz personel hijyeni,
kullantlan ~ alet ve ekipmanlarin  hijyen  ve
sanitasyonunun tam olarak saglanamamasi, kullanilan
suyun mikrobiyolojik bakimdan uygun olmamasi,
cevre sartlart ve ambalaj materyalinin uygunsuzlugu,

dagiim  ve satis esnasinda uygun = sartlarin
saglanamamasindan dolay1 mikroorganizmalar
dondurmaya bulasabilmekte ve patojen
mikroorganizmalari veya bunlarin toksinlerini iceren
dondurmalar gida infeksiyon ve intoksikasyonlarina
sebep olarak degerli bir besin maddesi olan
dondurmayr halk saghgr acisindan riskli bir driin
haline getirmektedir (Erol ve ark. 1998; Bostan ve
Akin 2002; Kirdar 2003; Giiner ve ark. 2004).

Bu calisma Afyonkarahisar ilinde tliketime sunulan
dondurmalarin mikrobiyolojik kalitelerini arastirmak
ve tiketime sunulan dondurmalarin mikrobiyolojik
yonden halk sagligt acisindan  risk  olusturup
olusturmadiginin belitlenmesi amactyla yapilmustir.

MATERYAL ve METOT

Bu calismada, Afyonkarahisar ilindeki muhtelif
pastane ve marketlerden 2018 Temmuz-Ekim
doneminde 40 adet ambalajli, 40 adet ambalajsiz
dondurma 6rnegi toplanmustir. Toplanan dondurma
ornekleri soguk zincirde steril kosullar altinda
laboratuvara taginmis ve analize alinmistir. Toplanan
dondurma orneklerinde toplam mezofilik aerobik
bakteri (Tretola ve ark. 2017), toplam psikrofilik
bakteri (Hilgarth ve ark., 2018), koliform (Delikanlt ve
ark. 2014), koagulaz pozitif stafilokok (ISO 6888-1
1999), Enterobacteriaceae (1SO 21528-2, 2017), E.coli
(ISO 16649-2 2001), ve maya/kif (Metla ve atk.,
2018) sayisal olarak belitlenirken Listeria spp. (lannetti
ve ark 20106), ve Salmonella spp. (Febo ve ark. 2019)
varlik/yokluk yontinden incelenmistir. Bu amagla say1
verilen mikroorganizmalar igin her bir dondurma
orneginden 10 gram steril posetlere alinarak tzerine
90 ml steril peptonlu fizyolojik tuzlu su ilave edilmis
ve takiben stomacherde 2 dakika homojenizasyon
islemi gerceklestirilmistir. Ana homojenizattan steril
peptonlu su ile 10 basamagina kadar seri dilisyonlar
hazitlanmustir.  Salmonella  spp.  ve  Listeria  spp.
izolasyonu i¢in zenginlestirme islemleri 25’%er gram
numune ile gerceklestirilmistir.

BULGULAR

Calismamizda incelenen ambalajli ve ambalajsiz
dondurma orneklerinin mikrobiyolojik
parametrelerine ait minimum, maksimum ve ortalama
degerler Tablo 1’de verilmistir. Ayrica, ambalajli ve
ambalajsiz  dondurma Orneklerine ait mikrobiyal
kontaminasyon dizeyleri sirastyla Tablo 2 ve Tablo
3 de gosterilmistir.
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Tablo 1. Ambalajli ve ambalajsiz dondurma 6rneklerine ait mikrobiyolojik parametreler (kob/g)
Table 1. Microbiological parameters of packaged and unpackaged ice cream samples (cfu/g)

Toplam Mesofilik  Toplam Psikrofilik

Aerob Bakteri Bakteri Enterobacteriaceae  Koliform E. coli Koagulaz (+) Stafilokok  Maya/Kuf
Ambalajstz - Min, 3,20 <2,00 <2,00 <200 <2,00 <2,00 <2,00
Dondurma
a:40 Maks. 5,96 2,82 6,20 5,68 5,34 5,53 3,60
Ort. 4,96 0,72 3,30 3,23 2,46 1,90 0,94
Ambalajlt  Min, <2,00 <2,00 <2,00 <200  <2,00 <2,00 <2,00
Dondurma
1:40 Maks. 4,30 2,48 3,42 2,48 <2,00 2,60 3,78
Ort. 2,64 0,32 0,14 0,12 0,00 0,75 0,81
Tablo 2. Ambalajsiz satilan dondurma 6rneklerinin mikrobiyal kontaminasyon diizeyleri (n:40)
Table 2. Microbial contamination levels of unpackaged ice cream samples (n:40)
Toplam Mezoﬁ.l ik Toplam Ps1k.roﬁhk Enterobacteriaceae Koliform E. coli Koagulaz (*) Maya-Kiif
Aerob Bakteri Bakteri 0 (% 0 (% 0 (% Stafilokok 0 (%
n (%) n (%) (%0) (%) (%) n (%) (%)
<log2,00 - 29 (72,5) 10 (25,0) 11 (27,5 14 (35,0) 22 (55,0 26 (65,0)
log 2,00 - =3,00 - 11 (27,5) 2 (50) 12,5 3 (7,5 12,5 11 (27.,5)
log 3,00 - <4,00 3 (7,5 - 7 (17,5 7 (17,5) 14 (35,0) 5(12,5) 3 (7,5
log 4,00 - =5,00 16 (40,0 - 16 (40,0) 16 (40,0) 8 (20,0 9 (22)5) -
log 5,00 - <6,00 21 (52,5) - 5(12,5) 5(12,5) 1(2,5) 3 (7,5 -
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Tablo 3. Ambalajli satilan dondurma Srneklerinin mikrobiyal kontaminasyon diizeyleri (n:40)
Table 3. Microbial contamination levels of packaged ice cream samples (n:40)

Toplam Mezoﬁ.hk Toplam P51k.rofi11k Enterobacteriacea Koliform E. coli Koagulaz(*) Maya-Kiif
Aerob Bakteri Bakteri 0 (Y 0 (% 0 (% Stafilokok 0 (%
n (%) n (%) (o) (%) (o) n (%) (%)
<log2,00 4 (10) 38 (95,0) 37 (97,5) 38 (95,0) 40 (100) 28 (70,0) 28 (70,0)
log 2,00 - =3,00 28 (70) 2 (5,0 3 (7,5 2 (5,0 - 12 (30,0) 11 (27,5)
log 3,00 - =4,00 5(12,5) - - - - - 1(2,5)
log 4,00 - =5,00 3(7,5) - - - - - -

log 5,00 - <6,00
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TARTISMA VE SONUG

Calisma sonuglarimiza gore, toplam mezofilik aerobik
bakteri (TMAB) sayist ambalajsiz dondurmalarda
3,20-5,96 log kob/g arasinda saptanmustir. Aydin’da
gerceklestirilen 50 adet ambalajsiz  dondurma
numunesinin analiz edildigi bir ¢alismada dondurma
orneklerinin TMAB sayist ortalama 5,16 log kob/g
olarak belirlenirken (Badayman 2018); Bursa’da
gerceklestirilen bir c¢alismada 48 adet ambalajsiz
dondurma 6rneginin TMAB dizeylerinin 8,1x101—
1,0x10¢ kob/g arasinda bulundugu (Caglayanlar ve
ark. 2009); Kars’ta 50 adet ambalajsiz dondurma
Orneginin incelendigi bir ¢calismada TMAB sayilarinin
ortalama 4,0x107 kob/g oldugu (Aksoy ve ark. 2013);
Van’da yapilan bir calismada ambalajsiz dondurma
orneklerinin TMAB sayisinin 4,70+0,27 log kob/g
olarak bulundugu (Isleyici ve ark. 2016); Konya’da
yapilan bir calismada 109 adet ambalajsiz dondurma
Orneginin ortalama TMAB sayisinin 9.8x105-2.5x107
kob/g arasinda tespit edildigi (Guner ve ark. 2004);
Erzurum’da yapilan bir calismada ise 75 adet
ambalajsiz dondurma Orneginin  ortalama TMAB
sayllarinin  vanilyali dondurmalarda 4,45%0,23 log
kob/g, kakaolu dondurmalarda 4,9610,22 log kob/g,
visneli dondurmalarda 4,40£0,27 log kob/g olarak
belirlendigi  bildirilmistir  (Cubuk¢t  ve  Aydemir
Atasever,  2018). TMAB  diizeyi  ambalajl
dondurmalarda  <2,00-4,30 log kob/g arasinda
belirlenmistir. Bursa’da gerceklestirilen calismada 44
adet ambalajli dondurma Orneginin TMAB duzeyi
2,7x10'-6,9x102  kob/g  arasinda  saptanirken
(Caglayanlar ve ark. 2009); Istanbul’da yapilan bir
calismada 300 adet ambalajli dondurma Orneginin
ortalama TMAB sayisinin  8,8x102-2,5x103 kob/g
olarak bulundugu (Bostan ve Akin 2002); Van’da
yapian calismada ambalajli dondurma &rneklerinin
toplam aerobik mezofilik mikroorganizma sayisinin
2,46£0,16 log kob/g olarak bulundugu bildirilmistir
(Isleyici ve ark. 2016).

Toplam psikrofilik Bakteri (TPB) sayist ambalajsiz
dondurmalarda  <2,00-2,82 log kob/g arasinda
saptanmistir.  Van’da  gerceklestirilen 50  adet
dondurma numunesinin analiz edildigi bir ¢alismada
ambalajsiz  dondurma  Grneklerinde TPB  sayist
1,62140,33 log kob/g olarak belirlenirken (Isleyici ve
ark. 20106); Ankara’da pastanelerden temin edilen 30
adet dondurma Srneginin incelendigi ¢alismada TPB
miktarinin -~ 1.5x102-3.0x10*  adet/ml  degerinde
bulundugu (Yicel ve Citak 2000); Kars’ta 50 adet
ambalajsiz dondurma O6rneginin analizi sonucunda
TPB sayisinin  ortalama 2,0x105 kob/g olarak
belirlendigi bildirilmistir (Aksoy ve ark. 2013). TPB
dizeyi ambalajli dondurmalarda <2,00-2,48 log kob/g
arasinda saptanmistir. Van’da gergeklestirilen 50 adet
dondurma numunesinin analiz edildigi ¢alismada
ambalajli dondurmalarda TPB duzeyi 1.281+0.24 log
kob/g olarak belirlenirken (Isleyici ve ark. 2016);

Afyonkarahisar’da yapilan bir c¢alismada 50 adet
ambalajli dondurma numunesinin TPB sayis1 <10-
2.9x106 log kob/g ortalama da 4x105 log kob/g olarak
belirlenmistir (Akarca ve Kuyucuoglu 2008).

Koagiilaz  pozitif — stafilokok  sayist  ambalajsiz
dondurmalarda <2,00-5,53 log kob/g, ambalajl
dondurmalarda  <2,00-2,60 log kob/g olarak
belirlenmistir. Ankara’da pastanelerden temin edilen
100 adet dondurma numunesi tzerinde yapilan
calismada numunelerin %20-30,8’inde 102104 kob/g
dizeyinde koagulaz pozitif stafilokok sayisina
rastlanitken (Erol ve ark. 1998); Van’da 75 adet
ambalajsiz dondurma Orneginin analiz edildigi bir
calismada Orneklerin - %13,3%intin  koagulaz  (+)
Staphylococens anrens yoninden kontamine bulundugu
(Agaoglu ve Alemdar 2004); Misir'in Iskenderiye
sehrinde 50 adet ambalajli, 50 adet ambalajsiz
dondurma numunesinin analiz edildigi bir ¢alismada
S. anrens sayisinin ambalajli dondurmalarda 9,1x10% *
2,6x102 kob/ml, ambalajsiz dondurmalarda 0,8x10* +
0,4x10* kob/ml diizeyinde saptandigi (El-Makarem
2017); Burdur’da 50 adet ambalajsiz dondurma
orneginin analiz edildigi bir ¢alismada S. awrens
seviyesinin 3.00 log kob/g, Micrococcus/Staphylococcns
miktarinin 3.78 log kob/g olarak belitlendigi (Tasci ve
ark. 2011); Kars’ta 50 adet ambalajsiz dondurma
Orneginin analiz edildigi calisgmada ise dondurma
orneklerinin  higbirinde S. amrens tespit edilmedigi
bildirilmistir (Aksoy ve ark. 2013).

Toplam  maya ve kif saylart  ambalajsiz
dondurmalarda  <2,00-3,60 log kob/g atrasinda,
ambalajli dondurmalarda <2,00-3,78 log kob/g
arasinda saptanmistir. Van’da 50 adet dondurma
Orneginin analiz edildigi c¢alismada maya ve kif
sayllarinin -~ ambalajsiz dondurma  Srneklerinde
2,06£0,26  log kob/g, ambalaji  dondurma
orneklerinde 0,2510,11 log kob/g olarak belitlendigi
(Isleyici ve ark. 2016); Kars’ta 73 adet ambalajstz
dondurma o6rneginin analiz edildigi bir calismada
toplam maya ve kif miktarlarinin 102-10* kob/g
arasinda degistigi (Yaman ve ark. 20006); Bursa’da 44
adet ambalajli, 48 adet ambalajsiz dondurma
Orneginin analiz edildigi bir c¢alismada ambalajl
dondurma 6rnekletinin maya miktarinin <10-1,0x101,
kiaf miktarinin - <10-2,0x10!  kob/g  arasinda,
ambalajsiz dondurma O&rneklerinin maya miktarinin
<10-1,5x105, kiaf miktarinin <10-1,2x103 kob/g
arasinda degistigi bildirilmistir (Caglayanlar ve ark.
2009).

Enterobacteriaceae  sayist ambalajsiz  dondurmalarda
<2,00-6,20 log  kob/g  arasinda, ambalajl
dondurmalarda <2,00-3,42 log kob/g arasinda tespit
edilmistir. Aydin’da gerceklestirilen 50 adet ambalajsiz
dondurma numunesinin analiz edildigi ¢alismada
dondurma  6rneklerinin  Enterobacteriaceae  sayist
ortalama 3,56 log kob/g olarak belitlenirken
(Badayman 2018); Erzurum’da yapilan calismada 75
adet ambalajsiz dondurma Orneginin  ortalama
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Enterobacteriaceae sayilarinin vanilyali dondurmalarda
2,5410,33 log kob/g, kakaolu dondurmalarda
2,5210,29 log kob/g, visneli dondurmalarda
2.2710,28 log kob/g olarak belitlendigi bildirilmigtir
(Cubuket ve Aydemir Atasever 2018).

Koliform  grubu  bakteri  sayist  ambalajsiz
dondurmalarda  <2,00-5,68 log kob/g arasinda,
ambalajli  dondurmalarda <2,00-248 log kob/g
arasinda tespit edilmigtir. Aydin’da gerceklestirilen 50
adet ambalajsiz dondurma numunesinin analiz edildigi
calismada dondurma O6rneklerinin Koliform grubu
bakteri sayist ortalama 3,42 log kob/g olarak
belirlenirken (Badayman 2018); Afyonkarahisar’da
yapilan calismada 10 adet ambalaji dondurma
numunesinin koliform grubu bakteri sayisinin <10
kob/g olarak belitlendigi (Akarca ve Kuyucuoglu
2008); Isparta’da dondurma tretimi yapan 30 adet
pastaneden alinan dondurma Grneginin ortalama
koliform bakteri sayisinin  2,6x102 kob/g olarak
saptandigt (Sagdic ve ark. 2002); Kars’ta 50 adet
ambalajsiz dondurma 6rneginin incelendigi calismada
Koliform bakteri sayisinin 1,4x103 kob/g olarak
belirlendigi (Aksoy ve ark. 2013); Elazig’da 100 adet
ambalajsiz  dondurma Orneginin  incelendigi  bir
calismada ise Koliform bakterilerinin 6rneklerde en az
<1,00 log kob/g, en ¢ok 5,74 log kob/g sayilarinda
bulundugu bildirilmistir (Patir ve ark. 2000).

E.coli diizeyi ambalajsiz dondurmalarda <2,00-5,34
log kob/g arasinda tespit edilitken ambalajli
dondurmalarda  E.co/i  varligina  rastlanmamistir.
Kars’ta 50 adet ambalajsiz dondurma Orneginin
incelendigi ¢alismada yalnizca bir 6rnekte E.co//nin
tespit edildigi (Aksoy ve ark. 2013); Isparta’da
dondurma tretimi yapan 30 adet pastaneden alinan
dondurma Orneginin yalnizca bir adetinde E. coli
varliginin saptandigt (Sagdic ve ark. 2002); Van’da 50
adet dondurma numunesinin analiz edildigi bir
calismada ambalajli dondurma Orneklerinde E. cofi
izole edilemedigi, ambalajsiz dondurma &rneklerinde
E. cli sayisinin <2 log kob/g ile 1,70 log kob/g
olarak bulundugu (Isleyici ve ark. 2016); Ankara’da
pastanelerden temin edilen 100 adet dondurma 6rnegi
tzerinde yapilan calismada meyveli Srneklerin  hic
birinde E. w/iye rastlanilmazken, vanilyali dondurma
orneklerinden birinde 2,0 MPN/g ve ¢ikolatali
dondurma Orneklerinden  birinde 0,36 MPN/g
seviyesinde L. co/i saptandigi (Erol ve ark. 1998);
Erzurum’da 75 adet ambalajsiz dondurma 6rneginin
analiz edildigi ¢alismada E. cw/’ye rastlanmadigs
(Cubukgi ve Aydemir Atasever 2018); Istanbul’da 300
adet ambalajli dondurma O6rneginin analiz edildigi
calismada incelenen dondurmalarin hicbirinde E.
colfye rastlanmadigr bildirilmistir (Bostan ve Akin
2002).

Salmonella spp. ve Listeria spp. varhigt ambalajli ve
ambalajsiz  dondurma  Orneklerinin  higbirinde
saptanamamustir. Benzer sekilde, Aksoy ve ark. (2013)
50 dondurma Orneginin hicbirinde Salmonella spp.
saptamadiklarint bildirmiglerdir. Isleyici ve ark. (2016)

50 dondurma 6rneginin higbirinde Salmonella spp.
saptamadiklarint bildirirken 5 dondurma 6rneginde L.
monocytogenes saptadiklarini bildirmislerdir.

Sonug olarak, mikrobiyolojik yonden analiz edilen
ambalajli ve ambalajsiz dondurma &rneklerinden
ambalajsiz  olarak acikta satlanlarin Turk Gida
Kodeksi Mikrobiyolojik Kriterler Yo&netmeligi'nde
belirlenen limitleri Enterobactericeac yoniinden astigt
saptanmistir. Bununla birlikte E.co/, Koliform ve
Koagulaz (+) Stafilokok saptanmasi hijyenik kalitenin
yetersiz olduguna isaret etmektedir. Bu durumda acik
dondurma satisinda gerekli hijyenik tedbitlerin
alinmasi, personelin egitilmesi ve  tiketicilerin
bilgilendirilmesi 6nerilmektedir.

Sunum Bilgileri: Bu c¢alisma 6zet bildiri olarak
Uluslararast Bilim ve Akademi Kongresi-INSAC
2018, Konya, Turkiye’ de sunulmustut.

Etik Kurul Bilgileri: Bu calisma “Hayvan Deneyleri
Etik Kurullarinin Calisma Usul ve Esaslarina Dair
Yonetmelik” Madde 8 (k) geregi HADYEK iznine
tabi degildir.

Cikar Catigsmast: Yazarlar bu yazi ic¢in gergek,
potansiyel veya algilanan cikar catigmast olmadigint
beyan etmislerdir.

Yazarlarin Katki Oranlari: UA:%30, RK:%25, ZG:
%20, AS: %15, NK: %10

KAYNAKLAR

Agaoglu S, Alemdar S. Van’da Tiketime Sunulan
Dondurmalarda Bazi Patojenlerin Varliginin Arastirilmast.
YYU Vet Fak Derg., 2004; 15(1-2), 59—64.

Akarca G, Kuyucuoglu Y. Afyonkarahisar’da Satilan
Dondurmalarin ~ Mikrobiyolojik ~ Kalitesi ~ Uzerine
Calismalar. Kocatepe Vet. J., 2008; 1, 11-17.

Aksoy A, Sezer C, Vatansever L. Kars Piyasasinda Tiketime
Sunulan Sade Dondurmalarin Mikrobiyolojik Kalitelerinin
Belitlenmesi. Harran Univ Vet Fak Derg., 2013; 2(1), 1-5.

Badayman M. Aydin flinde Agikta Satisa Sunulan Sade Roma
Dondurmalarinda  Hijyen ve Kimyasal Kalitenin
Belitlenmesi. Aydin Adnan Menderes Universitesi Saglik
Bilimleri Enstittisi Yiksek Lisans Tezi, 2018.

Bostan K, Akin B. Endiistriyel Dondurmalarin Mikrobiyolojik
Kalitesi Uzerine Bir Arastirma. Turk ] Vet Anim Sci,
2002; 26(3), 623—629.

Caglayanlar GE, Kunduhoglu B, Coksdyler N. Comparison
of the Microbiological Quality of Packed and Unpacked
Ice Creams Sold in Bursa , Turkey. Journal of Arts and
Sciences, 2009; 12, 93-102.

Coskun F. Tekirdag Ilinde Satlan Sade ve Cilekli
Dondurmalarda Fekal Kontaminasyonun Belirlenmesi.
Jotaf., 2005; 2(2), 135-142.

75



Cubukg1 S, Aydemir Atasever M. Erzurum Piyasasinda
Tiketime Sunulan Dondurmalarin  Mikrobiyolojik
Kalitesi. Atatiirk Universitesi Vet. Bil. Derg,, 2018; 13(1),
54-62.

Delikanli B, Sénmez B, Ozdemir Y. Bursa Merkezinde
Tiketime Sunulan Etsiz Cig Koftelerin Mikrobiyolojik
Kalitesi. Harran Universitesi Vet. Fakiiltesi Derg., 2014; 3,
13-17.

Digrak M, 6z§elik S. FElazig’da Tuketime Sunulan
Dondurmalarin  Mikrobiyolojik  Kalitesi. Gida /The
Journal of Food., 1991; 16(3), 195-200.

Digrak M, Tams H, Bagcit E, Kirbag S. Kahramanmaras’ta
Tuketime Sunulan Dondurmlarda Listeria, Salmonella,
E.coli ve K. Pneumoniae’nin arastirtlmast. Gida /The
Journal of Food., 2000; 25(5), 349—353.

Febo T Di, Schitone M, Visciano P, Portanti O, Armillotta
G, Persiani T, Giannatale E Di, Tittarelli M, Luciani
M. Development of a Capture ELISA for Rapid
Detection of Salmonella enterica in Food Samples. Food
Anal. Methods, 2019; 12, 322-330.

El-Makarem AHS. Microbial Quality of Street-vended Ice
cream. JVMR,, 2017; 24(1), 147-155.

Erol I, Kiipliilia O, Siriken B, Celik TH. Ankara’daki Cesitli
Pastanelere  Ait  Dondurmalarin ~ Mikrobiyolojik
Kalitelerinin Belitlenmesi. Turk | Vet Anim Sci. 1998, 22,
345-352.

Giiner A, Ardi¢ M, Keles A. Konya’da Pastahanelerde Tuketime
Sunulan Dondurmalarin Mikrobiyolojik Kalitesi. Vet. Bil.
Derg., 2004; 20(2), 59-64.

Hilgarth M, Behr J, Vogel RF. Monitoring of spoilage-
associated microbiota on modified atmosphere packaged
beef and differentiation of  psychrophilic and
psychrotrophic strains. J. Appl. Microbiol., 2018; 124,
740-753.

ISO-2017. (International Standart Organisation ISO 21528-2)
Microbiology of the food chain — Horizontal method
for the detection and enumeration of

Enterobacteriaceae — Part 2: Colony-count technique.

ISO-1999. International Standart Organisation (ISO 6888-1)
Horizontal method for the enumaration of coagulase-
positive staphylococci. Technique using Baird-Parker
Agar Medium.

ISO-2001. International Standart Organisation (ISO 16649-2)
Microbiology of food and animal feeding stuffs -
Horizontal method for the enumeration of 8-
glucuronidase- positive Escherichia coli . Part 2: Colony-
count technique a 44°C using 5-bromo-4-chloro-3-
indoyl-beta-D-glucuronide 07/2001.

Iannetti L, Aniela V, Antoci S, Addante N, Bardasi L, Bilei
S, Calistri P, Cito F, Cogoni P, Aurelio RD,
Decastelli L, Iannetti S, Iannitto G, Maria A, Marino
F, Muliari R, Neri D, Perilli M, Pomilio F,
Annunziata V, Proroga Y, Angelo G, Sericola M,
Torresi M, Migliorati G. Listetia monocytogenes in
ready-to-eat foods in Italy: Prevalence of contamination

at retail and characterisation of strains from meat
products and cheese. Food Control., 2016; 68, 55-61.

Isleyici O, Sancak H, Tuncay RM. Van llinde Satisa Sunulan
Ambalajli ve Ambalajsiz Dondurmalarin Mikrobiyolojik
Kalitesi. Van Vet J., 2016; 27(2), 57-67.

Kirdar S. Burdur ilinde Satilan Dondurmalarin Bazi Nitelikleri
Uzerine Arastirmalar. Gida /The Journal of Food., 2003;
28(2), 175-181.

Merla C, Andreoli G, Garino C, Vicari N, Tosi G,
Guglielminetti ML, Moretti A, Biancardi A, Arlorio
M, Fabbi M. Monitoring of ochratoxin A and
ochratoxin-producing  fungi in traditional salami
manufactured in Northern Italy. Mycotoxin Res., 2018;
34, 107-116.

Patir B, Ates Oksiiztepe G, Ilhak OI. Elazmy’daTiketime
Sunulan Kaymakli ve Meyve Aromali Dondurmalarda
Koliform Bakterilerin Dagilim1. Firat Univ Saglik Bil Enst
Derg., 20006; 20(1), 1-7.

Sagdigc O, Tiiliioglu DD, Ozgelik S, Simgek B. Isparta
Piyasasinda Tuketime Sunulan Dondurmalarin Kimyasal
ve Mikrobiyolojik Kalitesi. Atatiirk Universitesi. Ziraat
Fakiiltesi Derg., 2002; 33(4), 441-446.

Tasci F, Sahindokuyucu F, Ozturk D. Detection of
Staphylococcus species and staphylococcal enterotoxins
by ELISA in ice cteam and cheese consumed in Burdur
Province. Afr. J. Agric. Res., 2011; 6(4), 937-942.

Tretola M, Rosa AR Di, Tirloni E, Ottoboni M, Giromini C,
Leone F, Orto VD, Chiofalo V, Pinotti L, Rosa AR
Di, Tirloni E, Ottoboni M, Giromini C, Leone F,
Bernardi CEM, Orto VD, Chiofalo V, Former LP,
Leone F. Former food products safety : microbiological
quality and computer vision evaluation of packaging
remnants contamination. Food Addit. Contam. Part A,
2017, 34, 1427-1435.

Turk Gida Kodeksi Dondurma Tebligi. (2005, 13 Ocak)
13/01/2005 tarihli ve 25699 sayili Resmi Gazete, s.
Teblig No: 2004/45.

Yaman H, Elmali M, Ulukanli Z, Tuzcu M, Genctav K.
Microbial Quality of Ice cream Sold Openly by Retail
Outlets in Turkey. RevMedVet., 2006; 157(10), 457—462.

Yiicel N, Citak S. Dondurma Orneklerinde Bazi

Mikroorganizmalarin Varligt Uzerine Bir Aragtirma. Tiirk
Hij Den Biyol Derg. 2000, 57(3), 165-170.

76



Kocatepe Veterinary Journal

Kocatepe Vet J. (2023):16(1):77-85
DOI: 10.30607 /kvy.1205080

RESEARCH ARTICLE

Differential Diagnostic Value of Serum Procalcitonin and Iron Levels in Diarrheic
Neonatal Calves Caused by Escherichia coli and Rotavirus

Sitkrii DEGIRMENGCAY™, M. Sertagc EROGLU!, Emre EREN!

" Atatiirk University, Faculty of Veterinary Medicine, Department of Internal Medicine, 25240, Erzurum, Tiirkiye

ABSTRACT

The most common enteropathogens causing diarrhea in neonatal calves are Escherichia coli (E. coli) and rotavirus.
Procalcitonin (PCT) is a parameter that has recently become widely used to determine whether infectious diseases
are caused by bacteria. Iron is an essential nutrient for almost all bacterial species, and serum iron levels are used
as an inflammatory biomarker. Therefore, in this study, we aimed to investigate the differential diagnosis value of
serum iron and procalcitonin levels in E. ¢/ and rotavirus diarrhea. The material of the study consisted of 30
calves 1-15 days old. Three groups were formed as: E. w/i (n=10), rotavirus (n=10) and control (n=10). Calves in
the E. co/i group had the highest PCT (P=0.005) and CRP (P=0.003) levels, as well as the lowest Fe (P=0.000)
levels. As a result, it was determined that serum Fe levels could be used as an inflaimmatory marker and PCT
levels higher than 50 pg/mL could be used in the differential diagnosis of E. cw/i diarthea in calves with 100%
sensitivity and 100% specificity.

Keywords: Diarrhea, Escherichia coli, Iron levels, Procalcitonin, Rotavirus

kkk

Escherichia coli ve Rotavirus Kaynakli Ishalli Neonatal Buzagilarda Serum Prokalsitonin ve Demir
Diizeylerinin Ayirict Tan1 Degeri

(074

Yeni dogan buzagilarda ishale neden olan en yaygin patojenler Escherichia coli (E. coli) ve rotaviris’tir.
Prokalsitonin (PCT), son zamanlarda bulasici hastaliklarin etiyolojisinin bakteriyel olup olmadigint belirlemek icin
yaygin olarak kullanilan bir parametredir. Demir (Fe) neredeyse tim bakteri tirleri igin temel bir besin olup serum
Fe dizeyleri yangisal bir biyobelirte¢ olarak kullamlmaktadir. Bu yiizden bu calismada E. ¢/ ve rotaviris
ishallerinde serum Fe ve PCT duzeylerinin ayirict tant degerini aragtirmayt amacladik. Calismanin materyalini 1-15
gunlik 30 buzagi olusturdu. Buzagilar E. /i (n=10), rotaviriis (n=10) ve kontrol (n=10) grubu olmak tizere 3
gruba ayrildt. En yliksek PCT (P=0.005) ve CRP (P=0.003) degetleri ve en disitk Fe (P=0.000) degerleri E. coli
grubundaki buzagilarda saptandi. Sonug olarak, serum Fe diizeylerinin inflamatuar belirteg olarak kullamlabilecegi
ve 50 pg/mL'den yuksek PCT diizeyletinin buzagilarda E. co/7’ye bagli ishalin ayirict tanisinda %100 duyatlilik ve
%100 6zgullik ile kullantlabilecegi belirlendi.
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INTRODUCTION

Neonatal calves are highly susceptible to bacterial,
viral, and parasitic enteritis due to the immaturity of
their immune systems and the failure of passive
transfer of maternal antibodies (Cho and Yoon 2014).
Escherichia coli (E. coli), rotavirus, coronavirus and
Cryptosporidium parvwm are the four most common
enteropathogens causing neonatal calf diarrhea
(Meganck et al. 2014). Nonetheless, E. ¢/ and
rotavirus are the most frequently isolated pathogens
in diarrhea, one of the most important causes of calf
mortality (Meganck et al. 2014). Pathogenic E. co/i
strains cause diarrhea, immunosuppression, intestinal
wall damage, and increased bacterial load (Lofstedt et
al. 2019). Furthermore, septicemia, also known as
colisepticemia, frequently develops due to bacterial
translocation to the bloodstream (Fecteau et al. 2009).
Rotavirus is the most well-known pathogen causing
acute diarrhea in calves younger than one-month-old
(Alfieri et al. 2006, Barrington et al. 2002).
Dehydration and rapid fluid loss occur as a result of
infection's quick appearance and spread, which
severely damages the intestinal lining (Cook et al.
2004).

The rapid diagnosis of pathogens is vital since
determining the pathogens will affect the treatment
plan and success. As is known, pro-inflaimmatory
cytokines and acute-phase proteins begin to be
produced as soon as the pathogens enter the body
(Eckersall and Bell 2010). Procalcitonin (PCT), C-
reactive protein (CRP), serum amyloid A, and
haptoglobin are examples of positive acute phase
proteins whose concentrations increase in cases of
acute inflammation, while albumin and transferrin are
examples of negative acute phase proteins whose
concentrations decrease (Ceciliani et al. 2002,
Petersen et al. 2004). In recent years, PCT, a
precursor of the hormone calcitonin, has been widely
used in human medicine for the eatly detection of
bacterial diseases. The absence of an increase in PCT
in human viral diseases is critical in confirming
whether the infections are of viral or bacterial origin
(Matur et al. 2017). Baseline PCT serum levels have
been reported to increase 10-100-fold in systemic
infections caused by bacterial infections (Becker et al.
2010, Carrol et al. 2002, Ruokonen et al. 2002).
Furthermore, the amount of increase in PCT levels
provides valuable information about the severity of
the infection. (Matur et al. 2017).

Serum iron (Fe) levels have been used in both human
and veterinary medicine to monitor the inflammatory
process and evaluate the systemic response. Serum Fe
levels decrease as infection severity increases (Ayoglu
et al. 2016). This decrease has been explained as the
body's defense mechanism to limit the use of serum
Fe by pathogens and tumors (Weinberg and Miklossy
2008). Serum Fe concentration has been evaluated as
an inflammatory biomarker in dogs, cats (Neumann
2003), horses (Borges et al. 2007), and cattle (Baydar

and Dabak 2014, Degirmencay et al. 2022, Kirbas et
al. 2019, Yurdakul and Aydogdu 2020). Fe levels are
reduced not only in bacterial infections (Borges et al.
2007), but also in viral infections (Degirmencay et al.
2022, Zhao et al. 2020) and non-infectious
inflammations (T'sukano et al. 2019).

Serum PCT levels are highly elevated in bacterial
infections, and gram-negative bacteria cause an even
more significant increase in PCT levels (Zhao et al.
2020). At the same time, gram-negative bactetia
require Fe to grow, and lower Fe levels may be a host
defense mechanism to limit bacterial growth (Bullen
1981). As a result, we hypothesized that serum PCT
levels in calves with E. co/i would be quite high and Fe
levels relatively low when compared to those with
rotavirus in this study. Second, we hypothesized that
serum PCT and Fe levels could be useful indicators
for the differential diagnosis of E. ¢/ and rotavirus
diarrhea.

MATERIALS and METHODS

This study was carried out in accordance with Atatiirk
University’s approved ethical rules (protocol no.
2022/2, decision number: 38, date: 02/28/2022), and
written informed consent was obtained from the
owner for each calf.

Animals and Protocol Design

The study material included 30 cattle, 1-15 days old,
Simmental and Montofon breeds, and both genders.
The diarrheic calves were divided into two groups
based on rapid test kit (Rapid BoviD-5 Ag Test Kit;
Cat. No: RC1302DD) results: E. cw/ (n=10) and
rotavirus  (n=10). Calves with normal clinical
examination and haematological findings were
assigned to a control group (n=10). All calves' rectal
temperatures (RT), heart rates (HR), and respiratory
rates (RR) were measured and recorded during the
clinical examination.

Blood Sampling

Blood samples from all the calves were taken from
vena jugularis externa and collected into tubes with
EDTA (Vacutainer, K2E 3.6 mg, BD, UK) and gel
(Vacutainer, BD, UK) for haematological and
biochemical analyses. Blood samples in gel tubes were
kept at room temperature before being centrifuged at
3000 rpm for 10 minutes. The obtained serum
samples were stored at -80°C until biochemical
analysis. The haematological analyses were completed
immediately.

Haematological Analyses

White blood cell (WBC), lymphocyte (LYM),
monocyte (MON), neutrophil (NEU), eosinophil
(EOS), basophil (BAS), red blood cell (RBC), and
haemoglobin (HGB) counts, haematocrit (HCT) and
platelet (PLT) levels of the cattle were determined by
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a haematology analyser (Abacus Junior Vet5,
Hungary).

Biochemical Analyses

Serum PCT concentrations were determined by the
electrochemiluminescence immunoassay (ECLIA)
method using a chemistry analyser (Cobas e801;
Roche Diagnostics, Switzerland). CRP  serum
concentrations were measured using the latex-
enhanced immunoturbidimetric assay (Cobas c702;
Roche Diagnostics, Switzerland). Serum Fe, blood
urea nitrogen (BUN), creatinine (CREA), total
protein (TP), albumin (ALB), and globulin (GLOB)
concentrations in serum samples were determined by
commercial kits using a biochemistry autoanalyzer
(Mindray BS-300 Chemistry Analyser, China).

Statistical Analyses

The SPSS software program (Version 25.0, SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis.
The Shapiro-Wilk test was used to determine the
variables' normality and the variances' homogeneity.
Nonparametric data were evaluated using the Kruskal
Wallis H test as median (minimum/maximum). The
Spearman correlation test was used to detect the
correlation between variables. Receiver operating
characteristic (ROC) curve analyses were made using
Medcalc version 20 software (Mariakerke, Belgium).
The diagnostic values of Fe and PCT were evaluated
using ROC curve analysis to determine the diagnostic
cut-offs for the best differentiation between bacterial
and viral infections. All statistical comparisons were
performed at the significance level of P<0.05

RESULTS

Clinical Findings

The E. ¢/ and rotavirus groups had a low
temperature and increased respiratory frequency.
Calves generally showed varying degrees of diarrhea,
dehydration, weakness, appetite loss, and diminished
sucking reflex.

Hematological Findings

In the analysis of haematological parameters, calves in
the rotavirus group had higher WBC (P=0.0006),
NEU (P=0.004), and PLT (P=0.000) values than
calves in control and E. /i groups. The RBC
(P=0.002), HGB (P=0.001), and HCT (P=0.000)
values of the calves in the rotavirus and E. co/i groups
were higher than those in the control group,
consistent with dehydration (Table 1).

Biochemical Findings

When the biochemical parameters of the groups were
examined, the Fe levels were found to be low in both
patient groups (P=0.000). The highest PCT
(P=0.000) and CRP (P=0.003) values and the lowest
Fe (P=0.000) values were determined in calves in the
E. ¢oli group. The BUN (P=0.000), CREA (P=0.001),
TP (P=0.002), ALB (P=0.002), and GLOB (P=0.035)
values were significantly higher in the patient groups
than in the control group (Table 1).

All groups' correlation results showed that serum
PCT levels were strongly negatively correlated with
Fe levels (r=-0.663, p=0.000). Serum Fe levels were
moderately negatively correlated with NEU (r=-
0.422, p=0.020), while it was weakly negatively
correlated with CRP (r=-0.384, p=0.036) (Table 2).
HCT levels were strongly positively correlated with
BUN (r=0.716, p=0.000) and CREA levels (r=0.644,
p=0.000).

Serum PCT and Fe were shown to have a strong
negative correlation (r=-0.802, p=0.000) based on the
correlation results between the E. ¢/ and control
groups. The correlation between PCT and CRP
(¢=0.569, p=0.009) and NEU (+=0.577, p=0.008) was
moderately positive. Fe and CRP showed a strong
negative correlation (r=-0.612, p=0.004) (Table 3).
The correlation results between the rotavirus and
control groups revealed a highly negative correlation
between serum Fe and WBC (r=-0.771, p=0.000) and
NEU (r=-0.746, p=0.000). A moderate negative
correlation between PCT and Fe was found in the
correlation analysis between [E. ¢/ and rotavirus
groups (r=-0.516, p=0.020).

ROC analysis results of Fe, PCT, and CRP between
control and E. w/i groups are shown in Table 4 and
Figure 1. The areas under the ROC curves (AUC)
were 1.000 for the Fe and PCT and 0.925 for the
CRP parameter. The cut-off values of Fe and PCT
parameters for showing bacterial infection were
<56.59 ng/dL, and >50 pg/mlL, respectively. The
sensitivity and specificity values of the proposed
diagnostic cut-off point for demonstrating bacterial
infection were 100% and 100% for Fe and PCT.
ROC analysis results of Fe, PCT, and CRP between
control and rotavirus groups are shown in Table 5
and Figure 2. The areas under the ROC curves (AUC)
were 1.000 for the Fe, 0.560 for the PCT, and 0.820
for the CRP parameter. The cut-off values of Fe and
PCT parameters for showing viral infection were <89
pg/dL, and >40 pg/mlL, respectively. The proposed
diagnostic cut-off points for demonstrating viral
infection had sensitivity and specificity values of
100% and 100% for Fe and 30% and 90% for PCT,
respectively.
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Table 1. Comparison of haematological, biochemical and some clinical parameters of calves in control, E. ¢/ and

Parameters Control group (n:10) E. coli group (n:10) Rotavirus group (n:10) P value
WBC (x103/pL) 8.645A (7.65-9.83) 10.214B (5.23-29.8) 17.05B (11.28-26.68) 0.006
LYM (x103/uL) 4.68M (3.08-5.83) 3.605% (2.37-7.38) 4.867 (2.75-10.56) 0.117
MON (x103/pL) 0.215% (0.12-0.42) 0.118 (0.04-0.54) 0.195% (0.1-1.48) 0.036
NEU (x103/uL) 3.665M (2.57-5.3) 7.4658 (0.06-23.59) 11.138 (7.77-20.71) 0.004
EOS (x103/uL) 0.035% (0.01-0.05) 0.022 (0-0.1) 0.037 (0.01-0.12) 0.543
BAS (x103/uL) 07 (0-0) 0.018 (0-0.05) 0.03¢ (0.01-0.16) 0.000
RBC (x106/puL) 8.225M (7.33-8.9) 9.4758 (8.11-13.56) 10.445B (7.94-13.99) 0.002
HGB (g/dL) 9.54 (9.1-9.7) 11.458 (9.8-15.9) 13.858 (9-16.9) 0.001
HCT (%) 26.36" (24.48-27.88)  38.775B (33-56.75) 45.1658 (30.38-53.14) 0.000
PLT (x103/puL) 369.51 (277-443) 319.5 (261-520) 627.58 (453-769) 0.000
Fe (ug/dL) 151.7A (96.6-297.1) 21.448 (10.95-56.59) 41.998 (7.71-89) 0.000
PCT (pg/mL) 204 (20-50) 1158 (80-240) 204 (20-54) 0.000
CRP (Mg/L) 0.06* (0-0.07) 0.118 (0.07-0.18) 0.085 (0.04-0.24) 0.003
BUN (mg/dL) 162 (10-23) 62.368 (4.87-172.36) 126.305B (46.23-151.38)  0.000
Creatinine (mg/dL)  0.76* (0.55-4.62) 3.968 (1.11-6.45) 2.688 (1.03-7.03) 0.001
TP (g/dL) 4.85M (4.1-5.6) 6.95B (4.98-11.27) 7.118 (1.72-8.71) 0.002
ALB (g/dL) 2.05A (1.74-2.19) 2.65P (2-3.8) 2.67 (0.8-3.34) 0.002
GLOB (g/dL) 2.824 (1.9-3.9) 4.358 (1.9-8.6) 4.078 (0.9-6.4) 0.035
RT (°C) 38.85 (38.4-39.3) 38.55 (38.1-39.1) 38.15 (36-39.8) 0.324
HR (beats/min) 132 (92-176) 136 (76-160) 118 (58-156) 0.335
RR (breaths/min) 28 (20-72) 36 (28-72) 38 (18-56) 0.112

rotavirus groups

WBC: white blood cell; LYM: lymphocyte; MON: monocyte; NEU: neutrophil; EOS: eosinophil; BAS: basophil;
RBC: red blood cell; HGB: haemoglobin; HCT: haematocrit; PLT: platelet; Fe: iron; PCT: procalcitonin; CRP: C-
reactive protein; BUN: Blood urea nitrogen; CREA: Creatinine; TP: Total protein; ALB: Albumin; GLOB:
Globulin; RT: Rectal temperature; HR: Heart rate (per min); RR: Respiratory rate (per min). Data are presented as
median (range). Different letters in the same line are statistically significant (P<0.05).

Table 2. Correlation results between PCT and Fe, CRP, WBC, MON, and NEU levels in diatrheic and healthy
calves (Spearman correlation analysis)

Parameters PCT Fe CRP WBC MON NEU
PCT 1.000 -0.663** 0.214 0.103 -0.204 0.253
Fe 1.000 -0.384* -0.351 -0.135 -0.422*
CRP 1.000 0.052 -0.204 0.101
WBC 1.000 0.219 0.926**
MON 1.000 0.061
NEU 1.000

PCT: procalcitonin; Fe: iron; CRP:

*P <0.05, *P<0.01.

C-reactive protein; WBC: white blood cell; MON: monocyte; NEU: neutrophil.
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Table 3. Cortelation results between PCT and Fe, CRP, WBC, MON, and NEU levels in E. ¢/ and control groups

(Spearman correlation analysis)

Parameters Fe CRP WBC MON NEU
PCT -0.802%* 0.569%* 0.319 -0.377 0.577**
Fe 1.000 -0.612%* -0.042 0.357 -0.233
CRP 1.000 -0.113 -0.4601* 0.025
WBC 1.000 0.143 0.798**
MON 1.000 -0.045
NEU 1.000

PCT: procalcitonin; Fe: iron; CRP: C-reactive protein; WBC: white blood cell; MON: monocyte; NEU: neutrophil.

*P <0.05, **P<0.01.

Table 4. Receiver operating characteristic (ROC) results of Fe, PCT and CRP between control and E. o/

groups (n=20)

Parameters Fe (ug/dL) PCT (pg/mL) CRP (Mg/L)
Area 1.000 1.000 0.925
Cut-off <56.59 >50 >0.07
Sensitivity (%) 100 100 70
Specificity (%) 100 100 100
SEM 0.000 0.000 0.0456

P value <0.001 <0.001 <0.001

Fe: iron; PCT: procalcitonin; CRP: C-reactive protein

Table 5. Receiver operating characteristic (ROC) results of Fe, PCT and CRP between control and rotavirus groups

glari?)neters Fe (ng/dL) PCT (pg/ml) CRP (Mg/L)
Area 1.000 0.560 0.820
Cut-off <89 >40 >0.07
Sensitivity (%) 100 30 50
Specificity (%) 100 90 100
SEM 0.000 0.103 0.0896

P value <0.001 0.559 <0.001

Fe: iron; PCT: procalcitonin; CRP: C-reactive protein
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Figure 1. ROC curve analysis of Fe, PCT and CRP between control and E. c/i groups
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Figure 2. ROC curve analysis of Fe, PCT and CRP between control and rotavirus groups
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DISCUSSION

In this study, we investigated the utility of serum PCT
and Fe levels in the differential diagnosis of calves
with diarrhea due to E. ¢/ and rotavirus. Consistent
with our hypothesis, the E. ¢/ group had the highest
PCT and lowest Fe levels in calves. We also suggested
that PCT levels >50 pg/mlL and Fe levels less than
<56.59 pg/dL could be used with 100% sensitivity
and 100% specificity in the differential diagnosis of
E. coli diarrhea in calves.

It has been reported that PCT concentrations in
neonatal calves with septicemic colibacillosis are
approximately four times higher than in the control
group. There is a positive correlation between PCT
and proinflammatory cytokines. As a result, PCT has
been suggested as a useful marker of septicemic
colibacillosis in neonatal calves (Ercan et al. 2016).
Similarly, very high PCT levels were found in dogs
given endotoxin (Easley et al. 2020), horses with SIRS
(Bonelli et al. 2015), and horses with colic with
endotoxemia (Teschner et al. 2015). In our study,
PCT levels in the E. co/f group were five times higher
than in the control group. In ROC analysis, the
diagnostic cut-off value of PCT levels was found to
be >50 pg/mL with 100% sensitivity and specificity
for bacterial infection. Therefore, our results suggest
that PCT could be used as a potential diagnostic
marker of E. ¢o/i diarrhea in calves.

Procalcitonin has been shown to be elevated in
bacterial infections but remained low in viral
infections (Gendrel et al. 1999, Simon et al. 2004).
Similar to this, we noticed that PCT levels in the
rotavirus group were the same as in the control group
and did not rise. Bacterial endotoxins are the primary
trigger for PCT induction (Easley et al. 2020, Lippi
and Cervellin  2018). As is well known,
Enterotoxigenic E. /i (K99 - ETEC) is the
predominant strain that causes neonatal calf diarrhea.
They produce infectious diarrhea by directly attaching
to enterocytes in the intestinal mucosa or by inducing
inflammation with their toxins or lipopolysaccharides
(Foster and Smith 2009). These arguments suggest
that our hypothesis regarding elevated PCT levels in
the E. coli group is rather logical. PCT levels can be
used as a potentially effective marker to distinguish E.
coli diarrhea from rotavirus diarrhea, given that the
sensitivity and specificity of PCT in ROC analysis are
both 100%.

In severe systemic inflaimmation or bacterial
infections, PCT is noticeably enhanced (up to 5.000-
fold) within 2 to 4 hours, and the level lasts until
recovery (Gilbert 2010, Pfifflin and Schleicher 2009).
CRP and WBC, two inflammatory biomarkers, are
not specific for bacterial infections (Mduller et al.
2007). PCT is superior to CRP and other acute phase
reactants because of its biological half-life of 22 to 26
hours (Limper et al. 2010). This study found a
moderately strong positive correlation between PCT

and CRP, and NEU in the correlation results between
the control and E. coli groups. Although there was a
non-significant increase in CRP and NEU levels in
both patient groups, there was a statistically
significant PCT elevation in the E. ¢/ group. This
suggests that PCT levels are a good marker that can
be used to distinguish E. cw/ diarrthea from rotavirus
diarrhea. Serum PCT levels are reported to decrease
after administering the appropriate antibiotic
treatments (Assicot et al. 1993). Serum PCT levels
can help clinicians decide whether to start or stop
antibiotic therapy (Covington et al. 2018, Wolfisberg
et al. 2022). We argue that PCT can be used
effectively in diagnosing bacterial infections in calf
diarrhea and as a marker to guide antibiotic therapy.
Serum Fe levels tend to decline as infection severity
rises and hence can be used as a marker for
inflammation (Baydar and Dabak 2014, Degirmencay
et al. 2022, Tsukano et al. 2020). Similarly, in this
study, serum Fe levels decreased and negatively
correlated with PCT, CRP, and NEU levels.
Therefore, serum Fe levels can be used as a marker of
inflammation in calves with neonatal diarrhea. The E.
coli group had the lowest serum Fe levels, yet the
rotavirus group also declined. This can be explained
by the decrease in serum Fe levels not only in
bacterial infections but also in viral and non-
infectious inflammation conditions. Decreased Fe
levels will diminish the utility of serum Fe levels in
the differential diagnosis of wviral infections.
Nevertheless, based on the findings of our ROC
analysis, we can state that Fe levels between 56.59 and
89 ug/dL will be used to diagnose rotavirus diarrhea
with 100% sensitivity and 100% specificity. In
contrast, Fe levels below 56.59 pg/dL ate used to
diagnose E. co/i diarrthea with 100% sensitivity and
100% specificity.

CONCLUSIONS

In conclusion, we investigated the changes in serum
PCT and Fe levels in calves with E. co/i and rotavirus
diarrhea, as well as the utility of these markers in
differential ~ diagnosis. While serum Fe levels
decreased in both patient groups, we found that
serum PCT levels increased excessively only in the E.
coli group. As a result, while serum Fe levels can be
used as an inflaimmation marker, only serum PCT
levels can be used in differential diagnosis. Based on
the intergroup comparison and ROC analysis, PCT
levels greater than 50 pg/mL have 100% sensitivity
and 100% specificity in the differential diagnosis of
E. co/i diarthea in calves.
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ABSTRACT
The study aimed was to analyze the dorsal aspect of the skulls of Honamli, Hair, Kilis, and Saanen goats by the
geometric morphometric method. A total of 48 adult goat skulls, 6 male and 6 female, were used for each breed.
After the skulls were photographed dorsally, 10 homologous landmarks were marked. As a result of our study,
the degree of dorsal separation of the skulls according to sex was found to be limited. Nevertheless, significant
separation was seen in the Honamli skulls of females and in the Honamli and Saanen skulls of males. This
information may serve as a reference for the skull remains of ruminants.

Keywords: Geometric Morphometric, Goat, Landmark, Principal Component Analysis
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Honamli, Kil, Kilis ve Saanen Kecilerinde Kafatasinin Dorsal Landmarklar
Kullanarak Geometrik Morfometrik Analizi

(074
Calismada geometrik morfometri yontemi ile Honamli, Kil, Kilis ve Saanen kecisine ait kafataslarinin dorsal
yonden analizi amaclandi. Her 1rk icin ayri ayri 6 erkek ve 6 disi olmak tzere toplamda 48 adet ergin keci kafatast
kullanildr. Kafataslart dorsal yénden fotograflandiktan sonra 10 adet homolog landmark isaretlendi. Calismamiz
neticesinde dorsal yonden cinsiyete gore kafataslarinin birbirinden ayrilma derecesi sturh olarak saptandi. Buna
ragmen disilerde Honamli kafataslarinda, erkeklerde ise Honamli ve Saanen kafataslarinda belirgin ayrilmalar
gorildi. Bu bilgilerin gevis getirenlere ait kafatast kalintilari icin referans olusturabilecegi distintlmektedir.
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INTRODUCTION

Domestic goats originate from the wild goat breeds
Capra Prisca, Capra Falconeri, and Capra Aegagrus
(Sengonca and Kosum 2005, Kaymaket 2006, Giinli
and Alasahan 2010). Hair goat is a combined
productive goat breed that is resistant to harsh
climatic and environmental conditions and is the
most numerous in Tirkiye. (Sengonca and Kosum
2005, Gunli and Alasahan 2010). Kilis goat is widely
cultivated in the Southeastern Anatolia region. These
goats are a goat breed with a robust body structure,
long walking ability, high milk, and fertility. (Yalcin
1986, Kaymake¢t and Agkin 1997, Sengonca and
Kosum 2005, Gunli and Alasahan 2010). Honaml
goats have been bred pure in the Taurus Mountains
for centuries. It was included in the scope of
indigenous breeds taken under protection in Tirkiye
in 2005. (Karadag and Soysal 2018). Saanen goats are
bred in the Saanen valley of Switzerland. It is a goat
breed with high fertility and milk yield. (Ceyhan and
Karadag 2009).

To increase the depth of information obtained with
traditional morphometrics, a method called geometric
morphometrics has emerged (Rohlf and Marcus
1993). In this method, shape differences that cannot
be detected visually are detected by landmark (LM)
coordinates. LMs, therefore, measure the amount of
strain by exploiting differences in position between
materials. (Kimmerle et al. 2008, Viscosi and Cardini
2011, Zelditch et al. 2012). In the literature review on
goats, it was seen that there was a limited number of
geometric morphometric method studies (Haruda
2017, Pares Casanova and Domenech Domenech
2021). The study aimed to analyze the skulls of four
different goat breeds by geometric morphometry
from the dorsal aspect.

MATERIALS and METHODS

In the study, 6 male and 6 female adult goat skulls
were used separately for each breed. Skulls were
obtained from meat plants in the regions where the
breeds are distributed in Ttrkiye. Skulls are macerated
for ease of processing. The skulls were photographed
dorsally from a distance of 30 cm, focusing on the
sutura frontonasalis. The obtained photographs were
converted to tps files using TpsUtil (Version 1.79).
Ten homologous landmarks were marked on the
dorsal aspect of the skulls using the TpsDig2 program
(Version 2.31). Landmarks marked from dorsal on
the skulls of female Hair are shown in Figure 1. A
Homologous landmark  verification test was
performed with TpsSmall (Version 1.34) program
(Rohlf  2017).  General Procrustes  Analysis
(superimposition) was performed on the skulls to
eliminate variables such as size, position, and
orientation (Slice 2005). PAST (Version 4.02)

program was used for this analysis (Hammer et al.
2001).

Principal ~ component  analysis  (PCA)  was
performedon the new coordinates obtained as a result
of superimposition using the same program. Thus,
the degree of separation of the skulls by race was
determined (Zelditch et al. 2004). Discriminant
function analysis (DFA) was performed with the
Morpho] program to show at which LMs level and in
which direction the shape difference is (Klingenberg
2011). In the study, Relative Warp Analysis was
performed with the TpsRelw (Version 1.70) program,
consensus graphs of the groups were created and the
distribution of the groups on the graph was tested
with this analysis.(Rohlf 2017).Statistical analysis of
LM coordinate values according to groups was
performed with the ANOVA test in the PAST
(Version 4.02) program.

RESULTS

In the study, PCA-1 explained 50.628% of the total
shape variation in females and 42.268% in males.
Scatter plots of individuals according to PCA and
Relative Warp analysis are shown in Figure 2. The
degree of separation between races was limited. The
most prominent clusters were observed in the
Honamli skulls of females and the Honamli and
Saanen skulls of males.

The graph showing at which landmarks the shape
difference is concentrated is shown in Figure 3.
Accordingly, LM1, 3, 5, 6, 7, and 9 in females and
LLM1, 3, 4, 5, 6, and 7 in males were the LMs where
variation was concentrated.

DFA plots are shown in Figure 4 and 5. According to
DFA, female Honamli skulls showed a shape
difference compared to Hair skulls in a rostro-dorsal
direction in LM1, 5, 7, and 10, caudo-ventral in LM3,
6, and 9, and rostro-ventral in LM4. Female Kilis
skulls showed a difference in shape compared to Hair
skulls in a caudo-dorsal direction at LM2, caudal at
LLM4, rostral at LM5, and rostro-dorsal at L.MO.
Female Saanen skulls showed a shape difference
compared to Hair skulls in a rostro-ventral direction
in LM1, rostro-dorsal in .LM5 and 9, caudo-ventral in
LM3 and 6, and caudo-dorsal in LM10. Female Kilis
skulls showed a difference in shape compared to
Honamli skulls in a caudo-ventral direction in LM1,
7, and 10, rostro-dorsal in LM3, 6 and 9, caudo-dorsal
in LM2 and 4, ventral in LM5 and rostro-ventral in
IM8. Female Saanen skulls showed a difference in
shape compared to Honamian skulls in a caudo-
ventral direction in LM1, 7, and 10, rostro-dorsal in
IM3, 6, and 9, caudo-dorsal in L.LM4 and rostro-
ventral in LM5. Female Saanen skulls showed a shape
difference compared to Kilis skulls in rostro-ventral
direction in ILM1, 2, and 4, caudo-ventral in .M3 and
6, rostro-dorsal in LM7, caudal in LM9 and caudo-
dorsal in LM10.
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According to DFA, male Honaml skulls showed a
difference in shape compared to Hair skulls in a
caudo-dorsal direction in LM2, rostro-ventral in LM4
and 6, caudal in LM5, rostro-dorsal in LM7, caudo-
ventral in LM9 and rostral in LM10. Male Kilis skulls
showed a shape difference compared to Hair skulls in
a caudo-ventral direction at LM1 and 7, rostro-dorsal
direction at LM3 and 9, caudo-dorsal direction at
LM5, and rostro-ventral direction at LMS8. Male
Saanen skulls showed a rostro-ventral shape
difference in LM1, caudo-dorsal in LM4 and 10, and
rostro-dorsal in LM5 and 9 compared to Hair skulls.
Male Kilis skulls showed a difference in shape

compared to Honamli skulls in a caudo-ventral
direction in LLM1, 7, and 10; rostro-dorsal in LM2, 5,
and 9; caudo-dorsal in LM3, 4, and 6; and rostro-
ventral in LM8. Male Saanen skulls showed a shape
difference compared to Honamlt skulls in a rostro-
ventral direction in LM1 and 2, caudo-dorsal in .M3,
4, 6, and 10, rostro-dorsal in LM5 and 9, and caudo-
ventral in LM7 and 8. Male Saanen skulls showed a
shape difference compared to Kilis skulls in the
rostral direction in LM1, rostro-ventral in LM2,
caudo-ventral in LM3 and 6, caudo-dorsal in LM4, 9,
and 10, and rostro-dorsal in LM5 and 7.

Figure 1: Landmarks marked from dorsal on the skulls of female Hair

(1: Protuberantia occipitalis externa, 2: The junction of sutura coronalis and sutura interfrontalis, 3: Median point of
the Sutura frontonasalis, 4: Rostral end of sutura internasalis, 5: The rostral end of the fissura interincisiva, 6:
Incisura nasoincisiva, 7: Tuber faciale, 8: Medial angle of the orbit, 9: Foramen supraorbitale, 10: Caudo-ventral

corner of the margo supraorbitalis).
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Figure 2: A. PCA plot for female, B. RWA plot for female, C. PCA plot for male, D. RWA plot for male. brown:

Honamly, green: Hair, orange: Kilis, red: Saanen
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Figure 3: Transformation grid model of Honamli, Hair, Kilis, and Saanen goat skulls according to the PC1.

F

Figure 4: Graphs of discriminant function analysis of shape variation according to breed for female goats A. Hair-

Honamli, B. Hair-Kilis, C. Hair-Saanen, D. Honamli-Kilis, E. Honamli-Saanen, F. Kilis-Saanen.
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Figure 5: Graphs of discriminant function analysis of shape variation according to breed for male goats
A. Hair-Honamli, B. Hair-Kilis, C. Hair-Saanen, D. Honamli-Kilis, E. Honamli-Saanen, F. Kilis-Saanen.

DISCUSSION

In this study, we analyzed the skulls of breed-
registered goats living in different geographical
regions by geometric morphometric methods from
the dorsal aspect. The overarching goal of the study
was to determine whether racial dimorphism is also
shaped in the dorsal skull. Preliminary findings from
this study with a limited number of skulls showed
that there is limited variation between breeds in the
dorsal part of the goat skull.

Casanova and Miquel (2015), catried out a geometric
morphometric study on the dorsal dorsum of the
skulls of White Rasquera goats for sex discrimination.
In their study, they reported that PCA-1 explained
41.7% of the shape variation. In our study, PCA-1
explained 50.628% of the total shape variation in
females and 42.268% in males in the analysis
performed to differentiate skulls of different races
within the same sex. Casanova and Miquel (2015),
reported that White Rasquera breed goats showed
sexual dimorphism in a dorsal directional geometric
morphometry study of the skull. In our study, the
degree of dorsal separation of the skulls by race was
limited.

Demiraslan et al. (2021), in their geometric
morphometric study on the mandible of Honamli and
Hair goats, reported that Hair goats showed a very
distinct gender difference compared to Honamli
goats, and that male goats were cleatrly clustered
compared to female goats in terms of race factor. In
our study, the degree of dorsal separation of skulls by
breed was limited and the most prominent clustering
was seen in Honaml skulls in females and Honaml
and Saanen skulls in males.

Demircioglu et al. (2021), conducted a geometric
morphometric study on the skull and mandible of
Awassi sheep. For this purpose, they analyzed the
skull from 17 dorsal, 16 left lateral and 20 mandible s
from 20 left lateral photographs. They reported that
the first principal component explained 37.719% and
44.238% of the total shape variation in the dorsal and
left lateral directions of the skull of Awassi sheep,
respectively. In the mandible, they stated that the first
principal component explained 24.92% of the total
shape difference. In the analysis of the skulls from the
dorsal and left lateral direction, they reported that
there was a significant variation between the sexes,
but no such variation in the mandibles. In our study,
the skulls of Honamli, Hair, Kilis, and Saanen goats
were examined dorsally between the breeds of the
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same sex. PCA-1 explained 50.628% of the total shap
variation in females and 42.268% in males. Dorsally,
the degree of separation of skulls by race was limited.

Demircioglu et al. (2022), compared the skulls of
Hamdani and Awassi sheep using dorsal and lateral
LMs. In the dorsal and lateral comparison of the
breeds, they reported that the first principal
components explained 41.905%, and 39.078% of the
total shape variations, respectively. In our study,
Honamli, Hair, Kilis, and Saanen skulls were
evaluated dorsally at the same time, considering
gender differences. PCA-1 value was 50.628% in
females and 42.268% in males. Demircioglu et al.
(2022), reported that Hamdani skulls were clustered
to the right of the y coordinate and Awassi skulls to
the left of the y coordinate according to PCA graph
data from dorsal and lateral. In our study, in the
dorsal evaluations of female Honamli, Hair, Kilis, and
Saanen skulls, it was observed that all female Honamli
skulls were clustered to the left of the y coordinate,
while female Hair, Kilis and Saanen skulls were
mostly clustered to the left of the y coordinate. In the
dotrsal view of male Honamli, Hait, Kilis, and Saanen
skulls, it was observed that all male Honamli skulls
were clustered to the left of the y coordinate, all male
Saanen skulls were clustered to the right of the y
coordinate, and male Hair skulls were clustered
mostly above the x coordinate. Male Kilis skulls
showed a scattered distribution. Demircioglu et al.
(2022), according to the consensus graphic data they
obtained, reported that vector variation was
concentrated in LM3, 8, 9, and 10 from the dorsal
and LM1, 4,5,7,8,9, 10, 11, and 12 from the lateral.
In our study, in female Honaml, Hair, Kilis, and
Saanen skulls, vectorial variation was concentrated in
LM1, 3, 5, 6, 7, and 9 dorsally. In male Honaml,
Hair, Kilis and Saanen skulls, vectoral variation was
concentrated in LM1, 3, 4, 5, 6 and 7 from the dorsal
side.

Yalcin and Kaya (2009), used the skull bones of adult
and female Anatolian wild sheep and adult and female
Akkaraman sheep and examined them basally and
dorsally. The PCA-1 values of the dorsal and basal
skull bones of both species were 58.55% and 65.93%,
respectively. In the PCA graphs made from the dorsal
and basal sides, it was reported that Akkaraman sheep
skull bones were clustered to the left of the y
coordinate, while Anatolian wild sheep skull bones
were clustered to the right. As a result of the analysis
they reported that a significant variation occurred
between the skull bones of both species. In our study,
PCA-1 values of male and female Honamli, Hair,
Kilis, and Saanen goats were found to be 50.628, and
42.268%, respectively. According to the PCA plot
from the dorsal side, all female Honamli goat skulls
were clustered to the left of the y coordinate, while
female Hair, Kilis, and Saanen skulls were clustered to
the right of the y coordinate. In the dorsal view of
male Honamli, Hair, Kilis, and Saanen skulls, it was
observed that all male Honamli skulls were clustered

to the left of the y coordinate, all male Saanen skulls
were clustered to the right of the y coordinate, and
male Hair skulls were clustered mostly above the x
coordinate. Male Kilis skulls showed a scattered
distribution. In our study, the degree of dorsal
separation of Honamli, Hair, Kilis, and Saanen goat
skulls was limited and the most prominent clustering
was seen in Honamli skulls in females and Honaml
and Saanen skulls in males.

Yaprak et al. (2022), examined male and female
Honamli, Hair, Kilis, and Saanen skulls from basal.
They found PCA-1 values of 30.319 % for females
and 28.164 % for males. They reported that there was
a limited separation between breeds and the most
prominent clusters were between Kilis and Saanen
skulls in females and between Honamli and Kilis
skulls in males. In our study, male and female
Honamli, Hair, Kilis, and Saanen skulls were
examined dorsally. PCA-1 explained 50.628% of the
total shape variation in females and 42.268% in males.
There was a limited separation between breeds and
the most significant clustering was observed in
Honamli skulls in females and Honamli and Saanen
skulls in males. Yaprak et al. (2022), reported that
vectorial vatiation was concentrated in LM1, LMY,
and LM10 in females and L.M5, LM6, LM7, and .LM8
in males. In our study, LM1, 3, 5, 6, 7, and 9 in
females and LLM1, 3, 4, 5, 6, and 7 in males were the
LLMs where variation was concentrated.

CONCLUSION

In this study, for the first time, the skulls of Honaml,
Hair, Kilis, and Saanen goats were analyzed for the
presence of dorsal breed dimorphism by geometric
morphometric methods. In this study, the first
inferences were obtained that racial discrimination
among goats from the dorsal aspect of the skull may
be possible. It may be suggested that the findings of
the study should be further elaborated by including
more skulls and different breeds of goats. Despite all
these, it is thought that the data presented in this
study will contribute to the morphometric studies to
be carried out in ruminantia skulls
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Explanation: It is summarized from the authot's
doctoral thesis titled "Analysis of Cranium in Kil,
Kilis, Honamli and Saanen Goats by Geometric
Morphometric Methods".
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ABSTRACT

Early information about glanders in Turkey (in Ottoman Period) can be found in the letters of the veterinarian
physician Godlewsky, the founder of the Military Veterinary School, and the disease was reported to be first
diagnosed in 1912 in Istanbul. Military veterinary physician and bacteriologist Osman Nuri Eralp (1877-1940),
veterinary physicians Ahmet Bey (1890-1928), and veterinarian physician Hudai Bey (1898-1928) pioneered
scientific research on glanders. This study aims to transliterate and evaluate the offprint titled “Ruam kabil-i
tedavi midir? Ruama karsi ast ve serum istihzar ve tatbiki mimkin midire?” (Is glanders disease treatable? Is it
possible to supply and apply vaccines and serum for glanders?) which was printed in Arabic letters and compiled
the studies and findings of the studies Osman Nuri Eralp, Ahmet Bey and Hudai Bey. It is believed that this
study, based on the transliteration and content evaluation, is important for studies on research history in general,
and for veterinary medicine in specific, as this offprint establishes a starting point for studies on glanders in
Turkey and reflects scientific research principles in the given period.

Keywords: Ahmet Bey, glanders, history of veterinary medicine, Hiidai Bey, Osman Nuri Eralp
Hokeok

“Ruam Kabil-i Tedavi midir? Ruama Kars1 As1 ve Serum Istihzar ve Tatbiki Miimkiin miidiir?” Baglikl:
Ayr1 Basimin Degerlendirilmesi Uzerine Bir Aragtirma

(074

Ruama dair Tirkiye’de (Osmanli Dénemi) ilk bilgilere Askeri Baytar Mektebinin kurucusu Veteriner Hekim
Godlewsky’nin mektuplarinda rastlanmakta olup, hastaligin ilk olarak 1912 yilinda Istanbul’da teshis edildigi
bildirilmigtir. Ruam ile ilgili bilimsel arastirmalara Asker! Veteriner Hekim ve Bakteriyolog Osman Nuri Eralp
(1877-1940), Veteriner Hekim Ahmet Bey (1890-1928) ve Veteriner Hekim Hiudai Bey’in (1898-1928) 6nctlik
ettigi gorillmektedir. Bu ¢alismada Askeri Veteriner Hekim ve Bakteriyolog Osman Nuri Eralp, Veteriner Hekim
Ahmet Bey ve Veteriner Hekim Hiidai Bey tarafindan yuritilen calismalar ve sonuglarinin derlendigi, Arap
harfleriyle yaytmlanmis “Ruam kabil-i tedavi midir? Ruama karsi agt ve serum istihzar ve tatbiki miimkin mtdar?”
baslikli ayrt basimin transliterasyonu ve degerlendirilmesi amaclanmistir. Yapilan transliterasyon ve igerik
degerlendirmesine dayanarak; ayrt basimin iceriginin, Turkiye’de ruam hastaligy ile ilgili ¢aligmalar acisindan orjin
teskil etmesi ve donemin bilimsel ¢alisma prensiplerini yansitmast agisindan genel de bilim tarihi arastirmalari 6zel
de ise veteriner hekimligi tarthi agisindan énemli oldugu ileri siiriilebilir.

Anahtar kelimeler: Ahmet Bey, Hiidai Bey, Osman Nuti Eralp, ruam, veteriner hekimligi tarihi.
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GIRIS

Ruam hastaliginin etkeni olan Pseudomonas  mallei,
Almanya’da Loeffler ve Schutz tarafindan 1882
yilinda teshis edilmistir. Devaminda 19. yuzyil
sonlarinda hasta hayvanlara enjekte edildiginde deride
reaksiyon gostererck ruam tanisint saglayan mallein’in
kesti, ruam hastalig1 ile miicadelede yeni bir donem
baslatmistir. Mallein ile bitlikte tim Dinya’da
hastaligin  kontroli  ve eradikasyonuna yonelik
calismalar 20. yiizyd boyunca devam etmis ve 1993
yilinda gerceklestirilen arastirmalar neticesinde etkenin
ismi  Burkholderia  mallei  olarak  degistirilmistir
(Yabuuchi et al. 1992, Derbyshire 2002).

Turkiye’de ruam ile ilgili ilk bilgilere Askeri Baytar
Mektebi  kurucusu  Prusyali Veteriner Hekim
Godlewsky  tarafindan  yazilan ~ mektuplarda
rastlanmaktadir  (Erk 1972). Ruam, Tirkiye’de ilk
olarak 1912 yilinda nalbantlik yapan bir askerde,
Kugukeekmece hastanesi tabibi Ylzbast Abdulkadir
Bey (Ord. Prof. General Abdilkadir Noyan) ve
Halkal: Hayvan Hastanesi veteriner hekimlerinden
Tegmen Sefik Bey tarafindan tespit edilmistir (Ucar
1960). Tiurkiye’de ruam ile ilgili bilimsel arastirmalar
Askeri Veteriner Hekim ve Bakteriyolog Osman Nuri
Eralp (1877-1940), Veteriner Hekim Ahmet Bey
(1890-1928) ve Veteriner Hekim Hiidai Bey (1898-
1928) onciliginde devam etmistir. Binbagt Ahmet
Bey ve Yizbast Hudai Beyin, ruam hastaligina
yakalanarak vefat etmelerinin ardindan Osman Nuri
Bey ile yaptiklari ortak calismalar derlenmis ve ayrt bir
brostir halinde yayimlanmistir (Ttrkay 1948, Ucar
1969, Unat 1970, Basagac 2001, Melikoglu 2007).
Ruamla ilgili yapilan calismalarin devaminda bayrag
Kemal Cemil Bey (1902-1934) devralmis, anamorve
ismini verdigi astyr gelistirmis ancak kendisi de bu
hastaliga yakalanarak 1934 yilinda vefat etmistir
(Yalgin 1954, Basaga¢ 2001, Oztiirk ve Basagac 2002).
Neredeyse yiiz yila yakin bir siirede gerceklestirilen
tim bu calismalarin Tirkiye’de ruam hastaliginin
sondirilmesi ve eradikasyon stirecine énemli katkilar
sundugu ifade edilmektedir (Osmanoglu ve Melikoglu
2009). Bununla birlikte ruam hastaliginin 2001 yilinda
eradike edilmesine ragmen, 2017 ve 2019 yillarinda
Istanbul Adalar Tlgesinde tekrar ortaya ciktigi ancak
ilgili kurumlarca yapilan ¢aligmalar neticesinde salginin
sona erdirildigi bilgisine ulasilmaktadir (Doganay et al.
2020).

Bu calismada, daha 6nce tipkibasimini iceren herhangi
bir ¢alismaya ulastlamayan Baytar Tatbikat Mektebi
ogretmenlerinden Osman Nuri Eralp ile ruam
hastaligina yakalanarak vefat eden meslek sehitleri
Veteriner Hekim Ahmet Bey ve Veteriner Hekim
Hidai Bey tarafindan ruam hastaligiyla mucadele
amaciyla yiritilen calismalarin detlendigt Ruam kabil-i
tedavi midir? Ruama karst ag: ve sernm istibzar ve latbifi
miimkiin miidiir? baslikli Arap harfleriyle yazili metnin
transliterasyonunun  yapimasi, genelde veteriner
hekimligi tarihi 6zelde ise Turkiye’de ruam hastalig ile

micadeleye  katkilar1  yontyle  degerlendirilmesi
amaclanmistir.

MATERYAL ve METOT

Calismanin  ana materyalini Istanbul Biyiiksehir
Belediyesi Atatiirk Kitaplhiginda “Bel_Osm_0.02095”
demirbas numarast ve “Ruam kabil-i tedavi midir?
Ruama karsi ast ve serum istihzar ve tatbiki mimkin
mudur?” bashgtyla yer alan ayri basim olusturmustur.
Arap harfleri ile basilt olan ayr1 basim metninin icerigi
yazarlar  tarafindan  cevrilerek  transliterasyona
aktarlmistir.  Metin  iceriginin  transliterasyonu,
bulgular bolimiinde ayrt basimin kapak bilgilerinin
ardindan sunulmus ve veteriner hekimligi tarihi
acisindan degerlendirilmeye calisilmustir.

BULGULAR

Ayrt basim metninin transliterasyonu ve incelenmesi
esnasinda, metnin 1926-1927 yillarinda “Askeri Tibb-i
Baytari Mecmta”da yayimlanan G¢ calismanin ayri
basim haline getirilmesi ile olusturuldugu bilgisine
ulagtlmustir. Ayrt basimi olusturan ¢ calismaya ait
bilgiler s6yledir:

1. Muavin Ahmed, Muallim Osman Nuri
(Bakteriyoloji  laboratuvari  mesaisinden);
Ruam kabil-i tedavi midir-Ruama karsi ast ve
serum istihzar ve tatbikati mimkin mudar?
Kobay ve tavsanlarda muafiyet meselesi,
Askeri Tibb-i Baytarl Mecmua, 1926, cilt 4,
say1 1, s. 4-10.

2. Ahmed, Muallim Osman Nuri (Ikinci
muhtira/Mabad); Ruam kabil-i tedavi midir-
Ruama karst ast ve serum istihzar ve tatbikatt
mimkin midir? Kobay ve tavsanlarda
muafiyet meselesi, Askeri Tibb-i Baytarl
Mecmua, 1920, cilt 4, say1 5, s. 133-183.

3. Ahmed, Muallim Osman Nuri (Ugiincii
muhtira sene 4 cilt 4 sayt 5 den mabad);
Ruam kabil-i tedavi midir-Ruama kars1 ast ve
serum istihzar ve tatbikati mimkin mudur-
Danaya 6lmiis ve diri ruam basili telkihat-1
tecaribi, Askeri Tibb-i Baytari Mecmua, 1927,
besinci sene, say1 3, s. 83-87.

Bu dogrultuda bahsi gegen stireli yayinda yer alan ¢
yayin da yazarlar tarafindan incelenmis olup metin
iceriklerinin  ayr1 bastm metniyle karsilastirmasi
yapilmustir.  Ayrt basimin 8. sayfasinda siralanan
calismanin amaclart boélimiinde 1. ve 2. maddenin
devaminda 3. maddeden o6nce verilen agiklamalar,
tipkt Askeri Tibb-i Baytari Mecmiia'da da oldugu gibi
anlam bitinligini saglamak adina sayfa numarasi
kaydirilmadan 3. maddenin sonrasinda verilmistir.
Inceleme esnasinda 30 sayfadan olusan ayri basimin
17. sayfasindan itibaren sunulan patoloji sonuglarina
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ait boltim ilk ti¢ yayinda bulunmayip diizenleme heyeti
tarafindan bahsi gecen siireli yayinda yer alan
calismalardan derlenerek ayri basima eklendigi tespit
edilmistir.

Patoloji sonuglarina dair bilgileri iceren bu bolim
disinda ilk ¢ yayindan farkli olarak ayri basima
ekleme ya da ¢tkarma yapilmadigt tespit edilmistir.
Metnin 6n kapaginda; ayr1 basimin “Askeri Tibb-i
Baytari Mecmtasi”’nin 7  numaralt  killiyatindan
(Dinger 1971) oldugu, 1928 yilinda Hiisn-i Tabiat
Matbaas’'nda  basildigl, “Askeri Baytar Tatbikat
Mektebi ve Seririyyatt Bakteriyoloji ve Tesrih-i Marazi
Laboratuvar”nin'  ortak  calisgmasindan  oldugu,
Bakteriyoloji Laboratuvart  Sefinin  “Sthhiyye ve
Muiavenet-i Ictimaiyye Vekaleti Istanbul Bakteriyoloji
Miiessesesi Midiirh Muallim Bakteriyolog? Osman
Nurti?, Testth-i Marazi Laboratuvart Sefinin ise
Muallim  Mehmed Azmi oldugu bilgileri yer
almaktadir. Yine metnin 6n kapaginda ilim gehidi
Askeri  Baytar Tatbikat Mektebi ve Seririyyati
Bakteriyoloji Muallim Vekili Binbast Ahmed Bey’in
ismi ile “Ruam kabil-i tedavi midir? Ruama karst ast
ve serum istihzar ve tatbiki miimkiin miidir?” bashig
yer almaktadir (Resim 1la, 1b). Ayri basimin arka
kapaginda 6n kapakta yer verilen bilgilerin Fransizca
hali mevcuttur.

Ayrt basimin, 6n i¢ kapaginda 10 maddeden olusan
icindekiler bolimi yer almakta olup devaminda ise
dizenleme heyetine ait iki sayfadan olusan “Birkag
S62” baslikli yaz1 bulunmaktadir. Bu yazida; Iim
kurbaninng, Muallim  Bakteriyolog Baytar Abmed Bey'in
(1923) senesinden beri memleketimizin  ekonomisine giren,
ordunun savas giicii olan beygirler ve emsali hayvanlar Ziimresi
arasinda pek biiyiik ayiata sebebiyet veren amansig ruam
bastalgna karst as: ve serum yapmak dimidiyle diri ve Gl
kiiltiirlerle adeta bayatin: hice sayarcasina bir siirii Riigiik ve
biyiik  hayvanlar  iigerinde  Hifzussihba ve  Mudvenet-i
Letimaiyye Vekaleti Bakteriyoloji Miiessesesi Miidiirii (Saglik
Koruma ve Toplumsal Yardimlar Bakanhg:
Bakteriyoloji Kurumu Mudirt) ve merbumun ve bircok
baytarlarin hocast olan Muallimm Osman Nuri Bey'in nezareti
altmda aragtirma ve tecriibeye Basmnavin Yiizbast Akif ve
Muavini Yiizhast Sadik Beylerle beraber dilkemizde ilk defa
olarak tesebbiis etmis. ... ve Avrupa Fen aleminde alaka
uyandyrdigindan  dolay: (Schiitz Ellenberger 1 ohreshericht)
nammdaki Almanca kitabetinde 1927°de bir kismr intisar
etmis idi ifadesi yer almaktadir. Devaminda; tedavi
anlaminda verimli sonuglar alinamamasina karsin
yapilan caligmalarin fedakarca yiritildigi ve bilim
dinyast agisindan ¢ok kiymetli oldugu, Ahmet Bey ve
Hidéi Bey’in bu yolda hayatlarim feda ettigine vurgu
yapimakta olup, ‘Birka¢ S6z’ baghklt yazi Heyer-i
Tertibiyye imzastyla Ey Yeni Nesil, Ey Kutsal Genglik ceht
ve gayret hususunda bu diistur-1 mesai size de rebber bedef
olsun,

1 Askeri Veteriner Uygulama Okulu ve Klinigi Bakteriyoloji ve
Patoloji Laboratuvari

2 Bakteriyoloji Laboratuvari Sefi: Saglik ve Toplumsal Yardimlar
Bakanhgi Istanbul Bakteriyoloji Kurumu Miidiiri  Ogretmen
Bakteriyolog

Bu satirlar okununca merbumiarm rublar: ebediyen sad olsun
cimlesi ile sonlanmaktadir.

Besinci sayfada Sehit Merhum Bakteriyolog Baytar
Binbast Muallim Ahmet Bey’in resmi bulunmaktadir
(Resim 2).

Resim 1a: Ayri basimin orijinal kapak sayfasi
Figure 1a: Offprint orginal cover page.
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Askeri Tibb-i Baytarl Mecmuast
Killiyattndan
numro

7

Askeri Baytar Tatbikat Mektebi ve Seririyyat-1 Bakteriyoloji ve Tesrih-i Marazi Laboratuvarlart Miisterek
Mesaisinden: Bakteriyoloji Laboratuvart Sefi: Sthhiyye ve Muavenet-i Ictimaiyye Vekaleti Istanbul
Bakteriyoloji Miiessesesi
Miidiirti Muallim Bakteriyolog Osman Nuri
Testih-i Marazl Laboratuvart Sefi: Muallim Mehmed Azmi

Ruam Kabil-i Tedavi midir? Ruama Karst Ast ve Serum Istihzar ve Tatbiki Miimkiin miidiir?

Sehid-i Fen
Askeri Baytar Tatbikat Mektebi ve Seririyyat-1 Bakteriyoloji Muallim Vekili Binbagt Ahmed

Istanbul
Hiusn-i Tabiat Matbaast
1928

Resim 1b: Ayri basimin transliterasyona aktarilmis kapak sayfasi.
Figure 1b: Offprint transliterated cover page.

Resim 2: Bakteriyolog Veteriner Binbast Ahmet Bey
Figure 2: Bacteriologist veterinary major Ahmet Bey.
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Altinct sayfadan itibaren metnin transliterasyonu séyledir
(Sayfa 6);

Ruam hastalig1 tedavi edilebilir mi? Ruama kars1
as1 ve serum hazirlamak ve kullanmak miimkin
miidiir?

Ruam mikrobik hastaligina karst as1 ve serum gibi
tyilestiren ve O&zellikle hastaligi Onleyici bir madde
yapmanin yollar1 hakkinda bazi deneyler yapilmustir. Her
glin yeni esetleriyle arastirma sahast ve uygulamasi
genisleyen tip, insan ve hayvan kaynakli bir¢ok hastaligin
bilinmeyen sebeplerini arastirmast, insanli1, ekonomileri
tahrip eden cesitli hastaliklardan uzak tutma ve korunma
carelerini ortaya koymasina ragmen halen ruama karst
bir adim atamamustir. Kitap haline getirilmis veteriner
hekimlige ait eserlerde ruamla ilgili denenmis ve
uygulanmus kimyasal, serumsu tedavi usulleri az-¢ok
farklihk gostermekle birlikte, sonug itibariyle pratikte
uygulanabilir degildir. Ruamin bulastigi organlart tahrip
ettigi actktir. Bu nedenle tim devletlerin  Zabita-i
Sthhiye-i Nizamatlart bu mikrobik hastaliga yakalanmis
hayvanlarin tedavisini degil, Sldirtilmesini zorunlu tutar.
Su halde bulasma derecesi ve hastalik olusturma olasilig

yiksek, sonuclart itibariyle korkun¢ olan ruam
hastaligina  yakalananlart  tedavi ile ugragsmaktan
vazgecerek, saglam olanlart  hastaligin - etkilerinden

koruma yollarinin yazidmast bu is ile ugrasan ilim
insanlarinin  aklina gelebilir. Konumuz disinda olan
Zabtta-i Sthhiye kanunlart haricinde, bu hususta fenni bir
usulin uygulama sahast olmadig: telif edilen eserlerde
gorilmektedir. Fakat fende mantik ve tam hakimiyet
aranmaz. Uygulanan bir deney usuliiniin azictk farkls
bulunmast ile meydana ¢tkan bir sonug, hayati derecede
énemli bir prosediiriin aksini gosterebilir. Iste bu
distinceyi géz 6ntine alarak deneylerimize basladik.

Uygulamaya 1924 Eylil'inde baglanmistir. Bu hususta

deney ve uygulamada kullanilan hayvanlar: beygir,

merkep, dana, tavsan ve kobaydan olusmaktadir.

Usuline uygun yapilan astlama sonucunda organizmada

ruam karsitt maddenin yani antikorlarin  olusup

olusmadigint ve bundan dolayt alinacak serumun
iyilestirici ve koruyucu 6zellige sahip olup olmadigini
arastirmak icin dogal olarak ruam mikrobik bulagict
hastaligina karst astlanmis dana da deneye dahil
edilmistir. Hedeflenen ama¢ dogrultusunda bu hayvanlar
tzerindeki uygulamalar ti¢ asamada 6zetlenebilir. (Sayfa

8

1. Bunlardan bazlarina dogrudan dogruya bagisiklik
vererek bizzat bu hayvanlar tzerinde bagisikligin
gerceklesmesini gérmek.

2. Bagsiklik verilmesinden sonra bunlardan elde
edilecek serumlarda ruama hassas diger hayvanlar
tzerinde deney yapmak.

3. Bagisiklik verilen bu hayvanlara sonradan ruam
basili verilerek meydana gelecek sonuglart gérmek.

Uzerlerinde takip edilen art arda gelen uygulamalarin

gosterilmesi icin deney hayvanlarinin iki kisma ayrilmasi

gerekmektedir.

Birinci fasim: Kobay ve tavsanlardan olusmaktadir. Ki

bunlar cesitli zamanlarda cesitli miktarlarda, 6lmus ruam

kultari verilen bircok deney gruplari icerisinde yer aldu.

Ikinci kasim: Beygit, merkep ve danadir. Bunlar Slmiis

basil astlamalari ile bagisikliga tabi tutulmusglardir.

Sonradan bu hayvanlardan zaman zaman hacamat ile

alinan serumlar, kobay, tavsan ve merkep lizerinde canlt

ruam basili ile birlikte veya birbiri ardina yapilan
deneysel agtlamalarda kullandlmistir. Bunlar sirastyla arz
edilecektir.

Birinci kisim: Kobay ve tavsanlarda bagisiklik

meselesi

Yukarida birinci kismi olusturan kobay ve tavsanlarin

bircok grubu icerdiklerini arz etmistik. Simdi bunlardan

A grubunu ele alalim;

I.  Bu grup bir kobay ile bir tavsandan olugur.

Il. Bu iki hayvana agagida ekledigimiz tablo geregince
Olmis ruam basili kiltiri 1 cm? miktarindan
baslayarak cilt altina verildi. 20 glin boyunca devam
eden uygulama miktar1 toplami 15 cm¥e ulagmistt
(Tablo 1).

Bagisikhik kazandirmak icin kullanilan madde (antijen)

oldirilmis ruam basili kaltirleridir. S6yle ki:

a. Ruam basili baslangicta gliserinli et sularini iceren
balonlara tohumlanarak 38 derecelik etiivde 20 giin
boyunca gelisip buyttildi. (Sayfz 9)

b. Bu siirenin sonunda kiltiirler 60 derecelik kuvvetli
1sida dort saat sitilarak ruam basilleri dlduraldu.

c. Sonra gliserinli et suyu yerine gliserinli jeloz ortama
ruam kiltird eklenip 48 saat etivde gelisip
blyltmeye birakildi.

d. Miteakiben 60 derecelik kuvvetli 1sida 1sitilma ile
basiller 6ldirildd.

e. Basillerin tamammin 6ldigi muayene ve tetkik
edildikten sonra kaltirler serum fizyolojik ile
karstirlarak istenilen yogunlukta homojen bir siit
gibi beyaz bir emisyon elde edildi.

f.  Hayvanlara asidlanmaya hazir bir hale getirilen bu
O6lmis mikrop emisyonu (antijen) bitin islem
stiresince hep bu esas dahilinde hazirlandi.

Bu asilama ile kobay ve tavsanlarin organizmasinda

ruam basiline karst olusmast muhtemel antikorun etkili

hale gelebilmesi icin hayvanlar son astlamadan sonra bir
hafta dinlenmeye birakildi.

Simdi bu hayvanlar ruama karst bagisiklik kazand:r mu
kazanmadi m1? Bunu anlamak i¢in;

a. Bu iki hayvanin karin zan icine canlt ruam
basilinin et suyu kiltirinden Y4 cm? verildi.

b. Basil enjeksiyonundan sonra hayvanlar ya Slecek
ya da hayatta kalacaktr. Eger 6lum gergeklesirse
olay ruam basilinden mi meydana gelmistir,
hayatta kalirlarsa bagisiklik kazanmuglar midir?

c. Bunu inceleme ve karsilastirma icin hicbir sey
uygulanmamis kontrol amaglt diger bir kobay ve
tavsanin da karin zari icetisine ayni zamanda Y4
cm? miktarinda ruam kiltirinden enjekte edildi.

d. Sonra bu dért hayvan ayri ayrt kafeslerde gézlem
altina alindi.
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Tablo 1. Enjeksiyon miktarlart (Sayfa 10)
Table 1. Injection quantities (Page 10)

Netice Canlt ruam
basili

Oldiiriilmiis ruam basilinden
enjekte miktart

Enjeksiyon yapilan hayvanlar

Son enjeksiyondan

1 3
Telef /4 cm sonra bir hafta terk

Birinci enjeksiyon 1 cm?
Tkinci enjeksiyon 1,5 cm3
Ucgilincii enjeksiyon 2,5 cm?
Dérdinci enjeksiyon 4 cm?
Besinci enjeksiyon 6 cm?

Kobay

Tavsan

Kontrol hayvanlar
Y4 cm3 Saglam kobay

Telef U, cmd Saglam tavsan

Sonrasinda,

1. Simdi elimizde esas olarak antijen agilamasina
tabi tutulmus kobay da dahil karin zarindan
yapilan canli kiltiir enjeksiyonundan 19 giin
sonra 6ldii. Olmeden énce genel durum
bitkin, testisler tavuk yumurtast
biiyiikliigiinde hacimliydi. Uzerinde fark edilir
bir durumda birka¢ ruam vyarast gorildi.
Ceset aciginin sol tarafinda cilt altinda biytik
bir ceviz boyutunda bir ¢iban olusmus,
buyikligi ve fazlaca degisimde bulunmast ile
dikkati ¢eken testislerin  kesitinde  bol,
katdlagsmis irinin yer aldigr gortldd. Karin
boslugunda dalak sikisik, gbriintsii degismis,
ufak bir dokunmada parcalanmakta ve
yizeyinde  yaygin  kanama  odaklarn
gorilmekteydi.  Karaciger aynt  sekilde
bozulmus, lenf bezeleri buyimisti. Gogis
boslugunda kalbin 6n ve arka kisimlarinda
kiicik bir ceviz kadar ve yaninda ise findik
buyuklugiinde olmak tizere igleri irin dolu iki
adet ¢iban bulunmaktaydi. Diger bolgelere
gore daha az tahribata ugradift gérilen
akcigerlerde kan toplanmalart ve kanamalar
gozlemlendi. Ciban ve tahrip olmus
dokulardan yapilan mikroskop ve kiltir
muayenelerinde ruam basili belirlendi.

Kontrol grubunda yalnizca canlt ruam basili alan
kobaya gelince; asilamadan 12 gin sonra oldi.
Olmeden 6nce ruam belirtileri géstermeye baglamisti.
Haricen as1 noktasinda bir elma biyiikligline ulasmis
fark edilebilen buyiklikte (Sayfz 77) yumrular
gorildi. Karin boslugundaki dalak, bébrekler ve
karacigerin yapist bozulmus ve kirilabilir 6zellikteydi.
Karaciger Uzerinde ekimozlar mevcut, cigetlerde
yazilmaya deger bir sey yoktu. Kiltir usultyle
testislerin irininden ruam basili teshis edildi.

Simdi biri deney digeri kontrol olan bu iki kobay
arasinda canlt basil verilmesinden itibaren Oliinceye
kadar gecen sirede i¢ organlarinda ruamin neden
oldugu hasarlar acisindan bir kiyaslama yapilacak

olunursa, evvelce antijen alan ve bundan dolay:
organlart Slmus basillerle aksi tesir gosteren birinci
kobay ayni canlt ruam basili kiltirinden ayni saatte
ast yapilan kontrol olan kobaydan 7 glin sonra 6lmts
ise de i¢ organlarindaki hastaliga bagli harabiyet
kontroldekine gére daha derin ve daha belirgindir.
Kontrol kobay da ruam belirtisi géstermistir; fakat
digeri kadar yaygin ve belirgin degildir. Demek oluyor
ki 6nceden antijen alan birinci kobayin organizmast,
sonraki canlt basil asilamasinda kontrole nazaran daha
hassas daha etkili olmug bulunuyor.

2. Ayni zamanda ve aynt yontemle 6lmis basil
zerk edilen tavsan ise karin zari icerisine canlt
kiltir verilmesinden 32 giin sonra O&ldi.
Otopsisinde  karin  boslugunda  karaciger
tzerinde kigiik boyutta tam sekillenmemis 15
kadar ruam yumrucuklart ile diger organlarda
az miktarda yaygin kanama ve kan toplanmasi
gorildi. Ciltteki yara ve karaciger tizerindeki
yumrucuklardan yapilan kiltirlerden ruam

basili izole edildi.
Bunun kontrolii olan tavsan ise; canli basil
enjeksiyonundan 82 giin sonra 6ldi. Olmeden 10 giin
Oncesine kadar istaht yerindeydi. Bundan sonra genel
durumu bozuldu. Sol géziinde iltihaplanma ile birlikte
derin doku tahribati gériildi. Otopsisinde karaciger ve
dalagin temasla doku butinliginin bozuldugu,
akcigerlerin  kanlanmus ekseri kan noktalar1 ve
yumrucuklar igerdigi gbrilmustir. Bu i¢c organlar,
saklamak ve ayni zamanda kesilerek hastalik dokulart
incelenmek tzere patoloji laboratuvarina
gonderilmistir. Biri deney digeri kontrol olan iki
tavsandan daha Once antijen almus olan canli basil
enjeksiyonu sonrasinda kontrolden 50 glin Once
Slmusti. Kobayda oldugu gibi burada da aymi fikir
akla gelebilir. Bu tavsan agilanan Olmus kiltir
mikrobu antijeni nedeniyle az c¢ok dayaniklilik,
bagisiklik kazanmast gerekirken veya bdyle olmasi
beklenirken aksine hi¢cbir muameleye tabi olmayip
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defalarca canlt basil alan kontrole gére daha fazla
etkilenmisti. Biitiin deneyler esnasinda Slen veya itlaf
edilen  hayvanlara ait doku  bozulmalarinin
degerlendirilmesi  dikkat edilmesi gereken esas
noktadur.

Clinkii ruamda, akkan damari yangisi ekseri kronik bir
mikrobik hastaliga karst tedavi, korunma usullerinde
dokularda olusan bozulmalar da dahil hepsinin
bulundugu (Sayfa 72) asikardir. Bundan dolay1 patoloji
laboratuvarinin  bu hususa ait degetlendirme ve
incelemeleri  sonradan  yayinimiza ek  olarak
koyulacaktir.

B Grubu

Birinci kismi olusturan kobay ve tavsanlardan (B)
grubuna dahil bulunan hayvanlarin tabi tutulduklar
deneyleri izah edecegiz.Bu grubun icerdigi hayvanlar
bir kobay ile bir tavsandir.

1. Bu iki hayvana 6lmis ruam kiltirinden 1
cm’® miktarindan baglayarak 55 giin zarfinda
asamalt olarak artirilmak uzere cilt altina
toplam 110 cm? asilama yapildt.

2. Son agilamadan sonra hayvanlar bir hafta
dinlenmeye birakildi.

Daha 6nce (A) grubundaki tavsan ile kobayda oldugu
gibi bunlarin da bagisiklik kazanip kazanmadigim
tetkik ve muayene etmek gerekiyordu. Bundan dolay:
ruam basilinin et suyu kiltiriinden canlt olarak %4 cm3
miktarinda bu iki hayvanin cilt altina enjekte edildi.

a. Neticede bu iki hayvan eger Olirse 6lim
sebeplerinin  ger¢ek nedenini belirflemek ve
kontrol etmek amaciyla hicbir muameleye
tabi tutulmayan bir kobay ile bir tavsan da
kontrol olarak bu gruba eklendi.

b. Bunlara da ayni zamanda cilt altuna %4 cm?
kadar canli basil verildi. Hepsi ayr1 kafeslerde
gbzleme alindi.

Sonug:

1. 110 cm? (antijen) astlamasina tabi olan esas
kobay canlt basil verilmesinden 10 giin sonra
6ldi.  Olmeden 6nce hayvanin  genel
durumunun  bitkin, testislerinin  olduke¢a
hacimli, otopsisinde ise i¢ organlarinda ruam
hasarinin az ¢ok bariz oldugu goriildi.

2. Kontrol olan kobay kiltir asilamadan 14 giin
sonra 6ldii. Olmeden 6nce hayvanin hastalik
belirtileri g&stermesinin yant sira otopsisinde
de i¢ organlarinda ruam hastaligina bagh
hasarlar tespit edildi.

3. Antijen enjekte edilen esas kobay 15 giinde
belirti géstermeye basladi. Viicudunun cesitli
kistmlarinda cilt Gstiinde sulu ve sonradan
iltihaplt sizmalar bas gOstermeye basladi.
Goézleri tamamen irinleserek kapandi. Bu
arazin olusmasinin  ardindan  Sayfa  13)
asgtlamanin ~ 22.  gund  hayvan  Sldu.
Otopsisinde canli  basil enjekte edilen
bolgedeki yara disinda dikkate deger bir
hastalik gostergesi belirlenmedi.

4. Bunun kontrolu olan erkek tavsan ise basil
astlamasindan 91 giin sonra 6ldi.

C. Grubu

Bunlar da ayni sekilde bir kobay ile bir tavsandan
ibarettir.

Bu iki hayvan uzun bir siire 6lmiis ruam basili ile deri
alundan (140 cm?) agilandi. Sonra asilamaya son
verilerek bir sire dinlenmeye birakildr. Yani bu iki
hayvana da digetleri gibi canli ruam basili enjekte
edildi. Bunun amaci, O6lmis basillerin  mikroplu
viicutta acaba i¢ organlarda ne gibi vaziyetler aliyor,
dokularda ne gibi bozulmalar olusturdugunu
gormekti. Bunu anlamak maksadiyla bir miiddet sonra
oldurtlerek i¢c organlarin  hastalikli  dokularinin
incelenmesi uygun gorildi.

a. Kobay son agidan 26 gln sonra havanin
etkisine dayanamayarak kendi kendine  6ldi.
Otopsisinde i¢ organlarinda ruami isaret eden bazi
hastalik semptomlart g6rildi.

b. Tavsan son agilamadan 42 gln sonra
oldirilerek otopsisi yapildi. Karin boslugunda gézle
gorillen  yikimlar, karaciger tahribati, cigerlerde
kanama Dbelirtileri ile bir iki yumrunun varhg
gozlemlendi.

Bu iki hayvanin i¢ organlari, 6li ruam basilinden
dogan bozulma derecesinin ve netice olarak
uygulanan bu usul ile ruam mikrobik hastaligina karst
bagsiklik saglama imkaninin mevcut olup olmadiginin
incelenmest i¢in patolojiye gbnderildi.

Ikinci kistm: Beygir, merkep ve dana da
bagisikik kazanma durumu-bunlardan elde
edilen serumlarla kiigiikk hayvanlar {izerinde
deneyler, bu hayvanlara canli basil enjeksiyonu
Yapilan smuflama geregince simdi ikinci  kismu
olusturan biiyiik hayvanlarin tzerinde uygulanan
deneylerin sathalarini inceleyelim.

Ruama karst hassas ve hassas olmayan bu ¢ hayvana
bir seneyi askin siire zarfinda Slmis (Sayfz 74) ruam
basili stvist Once cilt altina, sonradan damar igine
olmak tizere agilama yapilarak bagisiklik olusturma
asamasina baglandi.  Agtlamanin  seyri esnasinda
Ozellikle ilk devrelerde hayvanlarda bolgesel veya
genel esaslt belirtilmesi  gereken tahribat tespit
edilememis, enjeksiyon sonrast bazen ortaya ctkan
anormal olaylar kisa siirede bir hasar birakmaksizin
gecmistir. Fakat agilamalarin cesitli devrelerinde bu
hayvanlardan kan alma ile elde edilen serumlatla
aglitinasyon kompleman tespiti yapidiginda zamana
gore aglitinasyon 1/40000 oraninda dogru olarak
gorildiigi gibi diger prosediir de dogru ¢tkmugtir.
Bahsedilen miktarin yeterli oldugu kabul edilerek artik
astlamaya son verildi. Burada dikkate alinacak yon bu
uygulama ile acaba beygir, dana ve merkep ruam
basiline karst bagisiklik kazandi mi, diger bir deyisle
bu hayvanlarin serumlari, koruyucu bir kabiliyete ve
iyilestirici bir Ozellige sahip midir? Sonugta bu
hayvanlara cesitli sekillerde ruam basili verildikten
sonra ruam bulasict mikrobik hastaligina organizma
dayaniklilik gosterecek miydi? Bunun icin iki yol
secildi. Birincisi beygir, merkep ve danadan kan
alinarak ayrt ayri serumlar dretildi. Bu serumlar ile
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kiiciik deney hayvanlarina ruam basilini igceren
enjeksiyonlar yapildu.

(L) Markalt Kobaylar

1. Ug kobay alindi. Birinci kobayin cilt altina
beygirden alinan 20 cm? serum verildi.

2. Tkinci kobaya merkepten elde edilen
serum, Ug¢lincl kobaya ise danadan alinan
serum 20’ser cm? olarak verildi.

3. Bu ig¢ kobaya 24 saat sonra 48 saatlik et
suyu kiltirinden canlt ruam basili cilt
altina %4 cm3 enjekte edildi.

Sonuglar:

A. Beygir serumu ve 24 saat sonra kiltlr alan
kobay asllamadan 8 gin sonra oldu.
Kadavrada agt bolgesi civarindaki dokularin
kalin ve sert oldugu, basin¢ uygulandiginda
ise peynirimsi irinin mevcut oldugu gbrildi
ve bu irinden yapilan analizden ger¢ek ruam
mikrobu elde edildi.

B. Merkep serumuyla ayni usule tabi kobay,
kiltir verilmesinden 12 giin sonra Oldi.
Otopsisinde i¢ organlarda kiigiik ve buyiik
ruam hasart ve bu hastaligin merkezlerinde
basilin varlig1 ortaya kondu. (Sayfa 15)

C. Dana serumuyla agilanan kobay da mikrop
verilisinin 10. glintinde 6ldi.

(M) Markal: Kobaylar

Bagisiklik  olusturmak amaciyla enjeksiyona  tabi
tutulan bu biyiik hayvanlarin serumlariyla ruam basili
asagidaki yontemle kobaylara uygulandi Yine ¢
kobay  almnarak  bunlardan  birincisine  beygir
serumundan cilt alttna 20 cm? aymt  zamanda
hayvanlarin diger tarafindan 4 cm3 canl ruam basili
verildi.  Astlamadan 12 gln sonra testisler
ltthaplanmaya bagladi. Hayvan 28. giin de ruamdan
olda.

Diger kobaylardan birine merkep digerine dana
serumlarindan beygirde oldugu gibi cilt alttna 25’er
cm? ve diger taraflarina da canh ruam basili verildi.
Deney hayvanmi astlamadan 9 gin sonra, dana
serumuyla mikrop enjekte edilen kobay ise 15 gilin
sonra ruamdan Oldi. Bunlardan dana serumuyla
birlikte basil alan kobayin otopsisinde daha belirgin
bir tahribat vardi. Kobaylar tizerinde yapilmis olan bu
asilama sonrasinda sekillenen 6limiin hakikaten ruam
mikrobundan kaynaklanip kaynaklanmadigini
ogrenmek icin kontrol bir kobay deneye dahil edildi.
Buna yalniz ruam basili verildi. Enjeksiyonun 28.
giiniinde bu hayvan da ruamdan 6ldi.

(N) Markali Kobaylar
Bu deney hayvanlart lzerinde agagidaki gibi asilama
deneyi yapildr:
1. 20 cm? beygir serumu ile 5 cm? basil stvist
karistirdlarak bir kobayin karin zart igerisine
enjekte edildi.

2. Ug giin sonra 35 cm?® serum ve 10 cm3 yine
basil sivist birlikte tekrar ayni kobayin karin
zarl icerisine enjekte edildi. Yani bu suretle
karma bagisiklik usuli prosediirii uygulandu.

3. Doért glin sonra ruam basilinin et suyu
kiltirinden bu hayvanin cilt altina Y4 cm?
enjekte edildi.

4. Kiltir verilmesinden 12 giin sonra bu kobay
oldu.

5. Diger bir kobaya 24 cm? basil stvisindan karin
zarl i¢ine verildi. 48 saat sonra bagisikliga
tutulan merkep serumundan 15 cm? alindi ve
bu serum icerisine canli 0,5 cm? ilave edildi.
(Sayfa 16)

6. Serum ve mikrop kanisimi 37 derecelik
etlivde bir saat birakildiktan sontra bu karisim
kobayin karin zari icerisine enjekte edildi. Bu
astlamadan 10 giin sonra kobay ruamdan
oldu.

Bagisik merkep serumuyla saglam merkep
iizerinde deney

Oli ruam basili ile bagisiklik verilmis olan merkep
serumunun, bagisiklik  6zelligi  higbir  enjeksiyon
islemine ugramamis olan bir merkep tizerinde ruam
basili ile beraber deney:

Islem asagidaki sirayla takip edildi:

1. Elimizde esas olan merkepten kan alma ile
serum elde edildi.

2. Bu serumdan saglam merkebe her giin 100%er
cm’® cilt altina verilmek tzere bes gin
boyunca asilama yapilarak toplam 500 cm?
serum enjekte edildi.

3. Son enjeksiyondan 24 saat sonra merkebin
cilt altina basilin et suyu kiltirinden %4 cm?
oraninda enjekte edildi.

4. Ug giinliik bir kulucka siiresinden sonra basil
verilen bélgede genis bir 6demin olugmasi ve
hayvanin genel durumunun bozulmast gibi
ruami gosteren belirtiler gbrildi ve bir hafta
icinde merkep, ruam hastaligindan 6ldi.

Simdi esas olarak Slmiis basil agtlamast ile bagisiklik
olusturulan merkep ile beygir ve dananin serumlariyla,
6zetle arz edilen deneylerden dogru bir sonug
¢tkmadi. O halde beygirle merkebin canli ruam
mikrobuna karst gosterecekleri dayaniklilik  veya
hassasiyeti gézden gegcirelim:

a. Merkebe sindirim organlari yolu ile ruam
basili verildi. Mikrop verilmesinden 9 giin
sonra hayvan genel ve Ozel olarak acik bir
sekilde ruam Dbelirtileri gostererek  6ldi.
Bunun gézle ve mikroskopla incelenebilen
yikimt patolojiye génderildi.

b. Beygir ise Oliminden evvel yani uzun
miiddet 6lmus basil agilamasindan sonra canlt
mikrop almadan 6nce Mallein testine tabi
tutuldu ancak test sonucunda pozitiflik
gorilmedi. Devaminda bu hayvana da burun
mukozasina sirtinme ve cilt altina az asllama
suretiyle canlt basil verildi. Bir mtddet sonra
beygir ruam belirtisi gOstermemesine karsin
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olast bulasma (Sayz 17) riskine karst
oldurtlip otopsisi yapimis olup bu iki
hayvanin i¢ organlart patoloji uzmani
tarafindan incelendi.
Ruam bulagtict mikrobik hastaligina karst hassas,
hassas olmayan bircok hayvan {zerinde yapilan
deneylerden anlagildt  ki: ruam basiline karst
organizmada bagisiklik verici bir maddenin olugmast
mimkin olamiyor. Buna sebep olarak yukarida da
ifade edildigi gibi bu mikrobu cesitli suretler ile
kusatma ve imhaya mahsus koruyucu islemlerin
olusturulmasina hizmet eden hususi dokularin bizzat
Olmis dahi olsa ruam basili karsisinda karst koyacak
unsurlarin - tamamen  bozulmast ve mukavemet
edememesi gOsterilmistir. Su  halde bakteriyoloji
yazarlarindan meshur isimler de dahil olmak izere
kopek, kobay vs. hayvanlart 6lmis veya canli ruam
mikrobuna kars1 bagisik yaptiklarina dair ileri siirillen
gortgler isin temeli esasina pek de uygun olmasa
gerek. Bununla beraber surast da yazilmaya degerdir ki
aynt ruam basilinin 6lmus kdltir stvisindan cilt yoluyla
verilmesiyle esit miktarda ve dort litre kadar yiksek
dozda agiladigimiz merkep ile beygirin canh kultiir
verilmesi suretiyle birinin 6l ve digerinin éldirilmesi
sonrasinda her iki hayvanin otopsi sonuglart bize
oldukea farklt sonuglar géstermistir: Merkepte Slmiis
ruam basilinden dogan ve bazt organlarin 6nemli
kistmlarinin hayattan uzak denilecek surette katilasma
ve kireclenmeye, pek ¢ok zorlukla kirilan yara
kabuklarina karst beygirin i¢ organlart o kadar mithim
ve dikkate deger bozulmaya ugramamis olmasidir. Su
kiyaslamadan elde edilen kanaat beygirin 6lmils ruam
kiltiri  enjeksiyonundan  fazla  etkilenmedigini
gOsteriyor ki bu da deneyin beygir tizerinde tekrarint
talep ediyor ise de bu da zaman ve mesai meselesidir.
Danada deneyler
Daha 6nce de aktarildig tizere deneye bir de dana
eklenmis idi. Bundan dolayt burada dana tizerindeki
uygulamalardan bahsedecegiz. Bu hayvana olmus ve
canlt ruam mikrobu agilanmasindan amac suydu:
normal olan yayillmaya karsi, ruam bulasict mikrobik
hastaligina karsi hicbir suretle yakalanmayan binek
hayvanlarinin organizmast, sun’i asilamalar ile belirli
bir dizeyde ve kesin bir antikor olusturabilecek mi?
Iste bu dogrultuda diger deney hayvanlarinda oldugu
gibi ruam basilinin Sldurtilmus kiltiriinden cilt altina
ve damar icine yapildi. Bir seneden fazla siiren asilama
sonrasinda uygulanan miktarin toplamt dort litreyi
gecmisti. (Sayfa 18) Bu asilamanin seyri esnasinda
gesitli zamanlarda serolojik tani usuliiyle serumun
nitelikleri incelendi; ilk devrelerde agliitinasyon
reaksiyonu ancak 1/1500 oraninda  goruldd;
kompleman tespiti isleminden sonug elde edilemedi.
Bir stire sonra tekrar yapilan Agliitinasyon tecriibeleri
1/40000 oranina kadar ciktt. Sonradan bu teamiil
olumsuz sonug verdigi halde kompleman belirti islemi
olumlu sonug verdi.
Antijen agtlamasinin durdurulmasindan 15 giin sonra
danadan kan alinarak serum elde edildi. Bu serumun
koruyucu Ozelligini incelemek amaciyla kobaylar

tzerinde ruam basili ile birlikte asilama deneyleri
yapildt.

1. Saglam kobayin cilt altina bu serumdan 20
cm’ enjekte edildi.

2. 24 saat sonra canlt ruam basilinin et suyu
kiltarinden % cm3 yine bu kobayin cilt altina
verilerek gézlem altina alindr.

3. Astlamanin t¢iincii glintinde hayvan ruamdan
6ldi. Ast noktasinda olusan iltihaptan yapilan
kiltiirde ruam mikrobu tespit edildi.

4. Ayni zamanda diger saglam bir kobayin cilt
altina bir taraftan dana serumu ve sonrasinda
diger taraftan yine canlt ruam basilinden
enjekte edildi.

5. Bu kobay da serum ve mikrop
enjeksiyonundan 15 gin sonra 6ldi. Bu
hayvanin i¢ organlarinda ruam yikiminin daha
yaygin oldugu, karin zari tizerinde olusan
buyik bir ¢ibandan yapilan kiltirde ise saf
ruam basillerinin varlig g6rilda.

6. Bu iki kobaya ck olarak bunlara gézlemci
olacak tgiinci saglam kobaya, digerlerine
verilen miktarda, serumsuz olarak yalniz basil
astland.

7. Gozlemci amactyla kullanilan kobay 28. giind
ruam bulagict mikrobik hastahgindan 6ldi;
otopsisinde ruam tahribati oldukea fazlaydi.

Goriliyor ki ruam antijeni ile bagisiklik kazandirilmis
olan dana serumuyla kobay izerindeki sonuglar
olumsuz ¢tkmustir. Serum ve kiltir enjeksiyonuna
maruz kalan iki kobay aynt giinde aynt canl ruam
kiltirt ile aslanan tgincd ve gozlemci kobaydan
daha 6nce Slmislerdir. Su halde kisa bir siire icin de
olsa, dananin serumu kobaylari ruam bulasict
mikrobik hastaligindan korumus oluyor.

Elimizdeki ruam kiltirinden aynt zamanda g
kobaya ayni miktatlarda asilama yapiyoruz. Bunlardan
serumla beraber kiltiir alan birinci deney hayvani 10
glin, yine serumla birlikte kiltdr alan ikinci hayvan 15
giinde, serumsuz yalniz kiiltiir enjekte edilen kobay ise
28 giinde 6liyor. Su hal karsisinda bir soru (Sayfz 79)
hatira geliyor, bu t¢ kobayin 6lim miiddetleri
arasindaki fark nedendir, acaba ti¢ hayvanin ayni ruam
mikrobuna karst cesiti derecede bireysel bir
hassasiyeti sonucu mudur?, yoksa astlama ile bagisiklik
saglanmasi sonucu organizmasindan hastalit 6nleyici
ve iyilestirici bir 6zellik bekledigimiz dana serumu
aksine bir ve iki numarali kobaylarin organizmasini
daha hassas kilarak astlanan ruam basillerinin daha
hizlt siitede hastalik olusturmasina zemin mi hazirladi.
Her iki fikir akla gelebilir ise de ikinci ihtimal daha
kolaydir. Cunkd Onceki deneylerde goruldi ki
bagisiklik kazandirma islemine tabi olan beygir ve
merkep serumlariyla beraber basil alan deney
hayvanlarinin kismen gozlemcilerine oranla daha 6nce
oldikleri gorilmiisti. Demek oluyor ki bu hastalig
Onleyici ve iyilestirici 6zelliklerinden faydalanmak
istedigimiz bu serumlar aksine deney hayvanlarinin
organizmasint daha hassas kiliyor. Ruama hassas
hayvanlarin olumsuz sonu¢ vermesi gibi ruama
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dayanikli sigir cinsinden olan hayvanin serumlarinin
da hicbir vasiflart icermedigi gorildiu. Bir de sigir
cinsinde olan hayvanlara canli ruam basili astlamasi
hastaligin belirtileri ve durumu agisindan ne sonug
verecek, bunu incelemek amactyla esas dana ikinci bir
deney asamasina tabi tutuldu. Soyle ki: Ruam basilinin
gliserinli  jel6z Uzerindeki sekiz saatlik kiltird
tizyolojik su ile istenilen bir oranda karistirildi.

1. Oldirilmeksizin  dogrudan dogruya bu canlt
kaltlir  karistmindan 27 Mart 1926 tarihinde
dananin cilt altina 5 cm? zerk edildi. Bu zerk
sonrasinda ayni glnler icerisinde hayvanda
normal olmayan bir hal gérilmiisti. 24 saat sonra
yalniz astlama noktasinda 8 cm biyikligiinde ve
elle muayene edildiginde sert bir sisme meydana
geldi ve 20 giin kadar bu halde kalarak
iltihaplanmaksizin kayboldu.

2. 4 Nisan 1926’da bu karisimdan yine cilt altina 25
cm? verildi. Bu enjeksiyondan sonra deneme
amactyla  20. saatte kan frotisi yapildt ve
mikroskop muayenesinde fagositoz gdorillemedi.
Lokositlerin -+~ olusumunda az ¢ok bozulma
gozlenirken, protoplazmalarin  pek  degisiklik
gostermedigi belirlendi. Tk astlamada enjeksiyon
noktasinda 24 saati miiteakip siskinlik meydana
geldigi halde bu defaki bir hafta sonra kigtk
olarak meydana geldi, kisa zamanda kayboldu.

3. 11 Nisan 1926 tarihinde yine canli kiltirden 50
cm? cilt altina verildi. Bu enjeksiyondan bir bucuk
saat sonra hayvanin normalden farkli olarak sirt
kaslarinin  titredigi, beraberinde nefes darligr ve
tzdiraplt bir durumda oldugu goérildi. Zorlukla
ayaga kaldirildiginda genel durumu bozuk, istah
tamamen kapalt idi. Bu hal d6rt saat kadar devam
etti. Bunu miteakip (Sayfz 20) genel durum
Ozetle; istah normal seyrine déndi. Bu asilamanin
yedinci giini kan alma ile elde edilen serumda
1/2000 oraninda yapisma teamult gorildi.

4. 20 Nisan 1926’da canlt kultir karistmindan ve bir
uygulamada 70 cm?® damar icine enjekte edildi.
Enjeksiyondan 4-5 saat sonra solunum sayisinin
50-60 arasinda oldugu ve genel durumunun pek
vahim oldugu goriildi. Ikinci giin istahsiz, genel
durumu pek glicstiz ve perisan olmakla beraber
zayiflik belirtileri bas gosterdi. Kalan giinlerde
aynt belirtiler goriildd, 6zellikle zayiflik ileri bir hal
aldi. Hayvan gidaya karst kayitsiz, ¢ogunlukla
yatmakta, nadiren ve zorlukla ayaga kalkmaktayd:.
Damar icine kiiltiir enjeksiyonunun 16. giinii kan
alindi. Kan serumuyla yapilan kompleman tespiti
islemi tamamen olumlu sonu¢ verdi. Yine bu
enjeksiyonun 16. giinii damardan siringaya ¢ekilen
kan hemen o esnada kobayin cilt altina 1,5 cm?
miktarinda  verildi. Bu uygulamadaki amag
dananin kaninda ruam basillerinin mevcut olup
olmadigint incelemekti. Bu suretle asilama ile
gbzlem altina alinan kobay 55 giin sonra Oldu.
Kobayda dis bakida bir sey olmadig: gibi karin
boslugundaki bitin i¢ organlar normaldi.

Cigerlerin biri kanlanmis ise de bu da gecici ve
onemsizdi. Ruam hastahigini gosterecek tahribat
olmamasina ragmen i¢ organlardan yapilan
kiiltiirlerde  saprofit mikroplardan baska bir
mikrop gorilmedi. Kobaymn 6lmesi ise siradan
sebeplerden meydana gelmistir.

5. 23 Mayis 1926 tarihinde damar icine yalniz 40
cm®  canli  ruam  basili enjekte  edildi.
Enjeksiyondan yarim saat sonra damardan kan
alindi.  Mikroskop  muayenesinde l6kositler
icerisinde fagosite olmus tek tik ruam basilleri
gozlemlendi. Bu enjeksiyonun 24. saatinde
dananin damarnndan siringa ile cekilen kandan
kobayin cilt altina 2 cm3 verildi. Tki ay gozlem
alinda tutulduktan sonra ruama ait bir sey
gorilmemesinden dolay1 serbest birakildi. Sonra
baska deneyde kullanildi ve 6ldi.

Ogetle: 1ki ay igerisinde cilt altt ve damar yolu ile

danaya asilanan canh kaltir miktar1 280 cm¥tar. En

son zerkten 10 giin sonra danadan kan alinarak
serumu ayrddi. Elde edilen bu serumdan erkek
kobayin cilt altina 20 cm? diger bélgeden 4 cm? canlt
basil kiltiirinden verildi. Kobay agilamadan 25 giin
sonra 6ldi. Otopsisinde testisler, karaciger, dalakta

Ozellikle karin boslugunda olusmus ciban gibi acik,

ilerlemis ruam hastaligi afetleri goritliiyordu. (Sayfa 27)

Bu bozulmanin mikroskop ve kiltiir muayenelerinden

ruam basilleri gézlemlendi. Su halde canli basil

astlamast ile elde edilen dana serumu bu defa da
kobayt ruam  bulasict  mikrobik  hastaligindan
koruyamadt. Burada incelemeye zemin olusturan diger
bir durum varsa o da ruam bulasict mikrobik
hastaligina dogal olarak dayaniklt ve direncli bulunan
sig1r cinsi hayvanlardan 280 cm? canl kiltiir asilanan
bu dananin ruaml olup olmayacagt durumudur. Canlt
kiltir astlamasina basladiktan bir siite sonra dananin
testislerinin - dogal olmayan buyik siskinlik ve
gbrintim ¢ dort misli bir hacimde olmast dikkati
cekmekte ve elle muayene edildiginde az-¢ok
hassasiyet, bolgesel ~sicaklik mevcuttu.  Ozetle
testislerde kroniklesmis bir iltthaplanma basladi. Ayni
hal iki buguk ti¢ ay devam ettikten sonra testislerin alt
kistmlarinda  da  iltthap g6rildia.  Bu  iltthabin
kiltiirinden ruam basilleri elde edildi.

[ltihaplanmadan sonra 6nceden testislerde mevcut

olan irilik yavas yavas ¢6ziilmeye yiiz tutmus ise de

testislerin disartya acildigt 4 Temmuz 1926 tarihinde

dananin o6ldugl, diger islemler ise 4 Subat 1927

tarihine kadar yedi ay boyunca kiiciik miktarlarda

devam etti. Dana 6lmeden 40 gin Once yine bu
iltihabin kiltirinde yalniz ve saf olarak ruam basilleri
olusmaya baslamisti. Bu deneye tabi tutuldugu andan
astlamaya kadar hicbir sebeple disariya cikarilmayan
hayvanin bulundugu yerin zemini stk sik kire¢ vesaire
maddeler ile temizlenmis ve iltihaplanmanin devam
ettigi strece farklt bir hastalik belirtileri gbrilip
gbrilmedigini belitflemek anactyla hayvan takip edildi.

Fakat zikredildigi tizere testislerin tahribatindan bagka

dahili ve harici hicbir klinik belirti gézitkmeksizin

hayvan 6lda.
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Sigir cinsi hayvanlara devamli ve fazla miktarda ruam
kiltiri  agilamast  neticesinde  haricen  yayidmis
sivilceler tarzinda kirmuzi cilt lekeleri ile birlikte kronik
ruamin belirtileri disinda yalniz testislerin tahribati
gorildi. Dananin otopsisinde ortaya ctkarilan hastalik
tahribati ile ilgili bulgular patoloji laboratuvarinca
incelendiginden burada izahtan kac¢inilmistir. Su kadar
ki otopside gortlen lenf yumrulart ve iltthapl deri
kistmlarinin kaltirt yapilmis, elde edilen saf kiltirin
kobaya astlanmast da ruam asis1 yerine gegmistir.

Ogzet: Ruamin beyan edilmis sartlart dahilinde tedavisi
hayvanin ast ve serum gibi maddeler ile korunmasi
mimkin  gbérilmiiyor.  Fakat fen  ilmindeki
iletlemeletle de faydali bir neticeye ulasmak fazla uzak
sayilmaz. Ikinci olarak ruamin normal yayilimina karst
koyan ve dayanikli (Sayfa 22) bulunan sigir cinsi
hayvanin deneysel ruam bulagict mikrobik hastaliginin
avucuna distigl dana tzerindeki art arda gelen
uygulamalar ve islemler ile actk¢a ortaya koyulmustur.
ok

Fen kurbani Muallim Bakteriyolog Binbast Ahmet
Bey cok zor sartlar icinde son derece tehlikeli canli
kiltirler ile bu deneylerini ruama karst ast ve serum
bulmak tizere halen laboratuvarinda basyardimer olan
Yiizbagt Akif ve Uzman Muavin olup halen Paris
Past6ér Enstitisinde incelemesini ve uygulamasini
tamamlayan Yiizbast Sadik Beylerle adeta aziz
canlarini fen ugrunda ilim yolunda kii¢iik gbriircesine
ortaya koymuslardir. Memleketimizde ilk defa olarak
uygulamaya konulmus olan bu deneylerin faydal
sonu¢ vermemesine ragmen adi gecenlerden Ahmet
Bey yine baslangicta ilk olarak bahsettigimiz tmitsizlik
ve bikkinliga diismeyerek bile bile felaket kurbani
oldugu yardimcist Hiidai Beyle pek gizli tuttuklari
usullerle tekrar baglamislarsa da karsiligini géremeden
sechit  olmuglardir. Bu  deneylerin  sonunda
schitlerimizin namiin ytcelterek beraber meslek agki,
llim fedakarligi gosteren Yizbast Akif ve Sadik
Beylerin de isimlerinin zikrini boynumuzun borcu
olarak  gordik; bundan sonraki arastirmalar,
uygulamalar okulumuzun patoloji laboratuvarina
aittir.

Ek: Ruam tedavi edilebilir mi? Deneylerin
patoloji agisindan incelenmesi

Bu inceleme okulumuzun patoloji laboratuvarinca
yapimis olup dort kisma ayrilmaktadir: Birincisi
bagisiklik vermek icin ugrasilan tavsan ve kobaylarin
bozulmasimnin genel inceleme neticesi; ikincisi
bagisiklik  kazandirmaya  ugrasilan  merkebin
felaketinin incelenmesi; Uglnclisii yine bagisiklik
meydana getirmek icin deneye sokulan beygirlerin
felaketlerinin incelenmesi; dordinciisi ise danada
deneysel ruam tahribatnin biylik ve mikroskobik
sonugclarinin degerlendirilmesidir.

Ug kismin dokusal incelemesi, halen ikinci firka 12.
Topcu Alay Serbaytart eski Testth-i Marazi Bas
Muavini Binbast Alaaddin, dérdunci  kisim  ise
Almanya’da uzmanhigini tamamlayarak yurda doénen
Muavin Baytar Doktor Yiizbast Uveys Mazhar Bey

tarafindan  yapdmistir. Dordiinett  kisstm  Baytar
dergisinin birinci kiilliyatinda yayinlanmistir.
(Sayfa 23) 1. Bagisiklik vermek i¢in ugrasilan tavsan ve
kobaylarda ruam tahribatt
Bu inceleme bakteriyoloji laboratuvarinca deneye
konulan gruplardaki kiiciik hayvanlarin  hepsinin
sonuglarinin patoloji laboratuvarina verilmemesinden
dolayt tam degildir. Ozellikle agik¢a belirti gésteren
bir tavsanda yapilmis, bu baz alinarak digerlerinde de
sonug¢ asagt yukart aynt olmustur.
A. Makroskobik sonuglara dair actklama
Karin zart icerisine asilamalar: Ast noktasinda deride
1s1 artist ve karin zarinin yogunluk kazanmast. Cigerler:
Kanlanmis, bazt noktalarda kanama ve morarma, dart
buytkligiinde ve findik ebatlarina kadar degisen
miktarda ruam yumrucuklar, karaciger soluk renkte,
daginik halde nekroz noktalari, koyu kanlanma ve
pismis bir manzara.
Dalak: Solgun renkte ve daha az miktarda dagink
halde nekroz noktalart, koyu kanlanma.
B. Mikroskobik sonuclara dair aciklama

Cilt; 1- Deride: Derinin en ust tabakasinda onemli bir
sey yoktur. Yalniz bazi noktalarda keratin hiicrelerinin
iflas etmesinden dolayr asinmalar mevcuttur. Siyah
killarin pigment tanecikleri mevcuttur.
2. Alt deride: Yumusgak tabakada bag doku ¢ogalmis,
kilcal damar iltihaplanmasina rastlanmakta oldugu gibi
ag tabakasina dogru inen sizma rastlanmistr. Bu
sizma incelendiginde,  yuvarlak  hucreler ve
epitelimsiler ve lenfositlerin birikmesinden ibaret
oldugu anlagtlmistir. Sizma ag tabakaya indikee
artmakta olup bazilarinin etrafinda  kirmizi  kan
kiireciklerinden olusan kanlanmaya hiicreler arasinda
rastlanmakta olup bu da sarimtirak renkte olmasiyla
sizmadan farklidir. Sizmaya yakin bazi noktalarda ise
kirmizt kan hucreleri ile dolmus kilcal damarlara
rastlanmaktadir.
3. Dalak kismen nekrozlu, soluk renkte ve kismen
embriyo koyu renkte olmak tizere cesitli bolgelerde
gbrilmesinin  yant sira  damatlarin  oldukca dolu
oldugu go6rildi, bazt noktalarda hucreler arast
kanlanmalara rastlandu.
4. Karaciger yaygin bir halde nekroza ugramis, soluk
renkli kistmlarda bircok kanamalar ve hiicresel sizinti
ile hiicrelerin artmast olarak iki farkli belirti
gorilmustir. Bilindigi tzere bir ruam tiberkdld,
deride distan ice (Sayfa 24) dogru eklenmis halesi,
yuvarlak htcreler ve epitelimsi tabakasi ile peynirimsi
maddeden olusmustur. Bazen bulyltk hiicreler
bulunur. Baslangicta hiicresel sizma yani lenfositler
baslar, strastyla olusumunu tamamlar. Bunun igin
doku muayenesinde bazi noktalarda hiicresel sizmaya
rastlandigt gibi tiiberkiilin olusumuna gore asil madde
hticresel sizma ile birlikte bag doku halesi ile
peynirimsi maddeden olusur; peynirimsi maddesiz
eski tiberkiller de ise eklenmis bag doku halesinin
yogunlugu ve hatta nadir durumlarda sertlesme de
gorilir.
Bahsi gegcen hayvandan elde etmis oldugumuz
sonuglar asagidaki gibidir:
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1. Yumrularin tarz ve olusumlarinda hayvan cinsinin
etkisi vardir. Beygirdeki ruamin yumrulu dokular
gibi dokulara rastlamak tavsanda zordur. Su halde
gorilen yumrular ruam 6zelikleri tagimakta ancak,
dokusal olarak ruam 6zellikleri tasimamaktadir.

2. Deneysel ruamlarda nekroz fazla olup bu da
cogunlukla karaciger ve dalakta yer almaktadir.
Cigetlerin tahribatt sekonderdir. Burada amacimiz
ruami normal seyrinin disina ¢ikarmak degildir.
Zaten bu ruamlarda yumrucuklar olusmaz. Basit
bir kanlanma ile ciger, karaciger ve dalak
kanamasindan baska bir sey gérillmez.

3. Onemli tahribat ve az-cok organizmanin niteligini
gosterdiginden dolayt deneye konulmug olan
usullerle hayvanlara da bagisikhk kazandirmanin
imkani yoktur.

2. Bagisiklik kazandirilmaya ugrasilan merkebin i¢
organlarinin ve dokularinin tahribati
A. Makroskobik sonuglara dair aciklama
Al. Bronglarin icerisinde hastaliktan dolayr fazlaca
irin, simiksi zar Uzerinde klcik damarlarin fark
edilebilir ~sekilde damarlagsmasi, bazilarinda kanlt
morarmalar goriildid. Cigerin sag ve sol yarisindan
fazlast sertlesmis olup brons kilcallart dolgundu.
Cesitli yerlerinde nohut ve fasulye buyikliginde,
etrafinda bag doku lifi son derece katilasmis ve
bazilarinin ic¢i kireglenmis tuberkiller mevcuttu. Bazt
noktalarinda ufak kanama boélgeleri vardi. Adeta ruam
stnirinin baslangicint gésteriyordu. Tiberkiillere kesi
yapildiginda kireglenmis olanlarin ortasinda peynirimsi
madde  yoktu. Kismen  kireclenmis  veya
kireclenmeden uzak olanlarin ortasinda ve etrafinda
cesitli maddeler mevcut oldugu gibi peynirimsi madde
bazi noktalarda sertlesmis, ciger kisimlarint 1slatmigti.
Bazt kisimlarda ise islanmis madde yesilimsi sividan
ibaretti. Cigerin sol yansinin dst kismuna dogru
amfizem mevcuttu. GoOgus zart kismen kalnlasmis
(Sayfa 25) bir litre kadar kanl ve yesilimsi sizmis
madde ile doluydu. Cigerin baz1 noktalarinda melanie
tanecikleri mevcut idi. Bazi noktalarda ise kanamadan
dogan morarmalar bulunuyordu. Brons kilcallart
sizmis madde ile kapliydi. Kalp zar1 boslugu haricinde
az miktarda yesilimsi kanli madde mevcut ve kalpte
yazilmaya deger hicbir sey yoktu. Kaba lenf bezlerinin
bir kismi stkistk ve hepsi, peynirimsi maddeden ari, bir
kismu sikisik olmakla birlikte gégiis zarinin merkezi ve
bazi kisimlari kanlanmis, koyu renkte ve camurumsu
kivamdaydi. Kanallar g6giis boyunca sikistk ve lenf
damatlart dolu ve belirgindi.

A2. Karin Boslugu

Peritonda yazilmaya deger bir sey yoktu. Karaciger

hacimce biraz biylimusti. Yaglanma ve siglasma hali

mevcuttu.  Cesitli  kisimlarda  kanama noktalar,
kireclenme, yar1 kireclenme, nohut buytkliginde
tiiberkiller gérintiyordu. Fakat altt adet tiiberkil olup
cigerlerinkinden az sayidaydi. Glisson muhatazasi
kalinlasmisti. Dalak azicik biiytimiis, kanama noktalar
olusmustu. Pankreas, loblart arasinda bag dokunun
kalinlasmasindan dolay1 katilasmis ve ylizeyinde birkag
adet dut seklinde kiregtasina rastlandi. Bagirsaklarda

yazilmaya deger bir sey yoktu. Yalniz periton kivrimi
boyunca lenf damarlart dolu olmasmnin yant sira lenf
bezleri sikisik ve neredeyse peynirimsi, koyu renkli,
kanli ve camura benzer kivamdaydi Bdébrekler:
bobregin - zart son derece kalinlasmig, bobrek
dokusunda bag dokusu olusmus, kesilen bobrekler
kanamali ve baskalasmistir.
B. Mikroskobik sonuclara ait agtklama
1. Brons kilcallari iltthabi ve dokusunun tahribati, 2.
Karaciger iltithabt ve dokusunun tahribati, 3. Bag
doku koéklerinin arastnin kalinlagsmast ile loblar
arast akcier yangist manzarasi, 4. Dokular arasi
kanama, 5. Nispeten saglam ciger dokusu ile hem
kenarindan sizan yesilimsi sivinin karacigerin icine
dogru niifuzu ve ortalarinda bag dokusu ve epitel
hiicrelerin artmasi, 6li ve saglam akyuvarlarin
varligt, 6. Bronglarin sizan madde ile dolmasi, bazt
noktalarda brons yirtdmasi, 7. Bazi bozulmus
doku icerisinde yesilimsi sivi maddesi ve eser
miktarda hiicreler ve elyaf parcalari, 8. Bazi
noktalarda ciger amfizemi ve dokunun tahribati,
9. Bazt noktalarda mallei granillerinin sizmis
oldugu (Sayfa 26), 10. Bazt noktalarda kanama
eserleri, 11. Akciger zari yangisi ve bolgesindeki
dokunun tahribati.
Tuberkillere gelince: 1. Etraf kesif bag dokusu halesi
ve merkezi yuvarlak hiicre ve lenfe benzer olusan
tuberkil, 2. Etrafi son derece kesif elyaf baginin
soyulmasi ile yayllma merkezi az miktarda yuvarlak
hiicreler ve lenfe benzer olusan tiberkillerden farkls,
3. Baz1 tiiberkiliin peynirimsi madde ile par¢alanmasi,
lenf bezleri de ayni dokusal vasiflardaydi.
Karaciger: 1. Glison muhafazasiin kalinlagsmasi ve
iceriye bag lifi saliverilmesi, 2. Karaciger loblarinin
bag doku ile parcalanmast ve bundan dolayt kronik
iltthaplanma gérilmesi, 3. Karaciger hiicrelerinde
yaglanmaya donisimi, c¢ekirdekler tamamen ve
kismen kaybolmak suretiyle nekrozun fazlaligi, 4.
Kanama noktalart mikroskobik  6zellikleri, 5.
Tuberkillerin  Szellikleri, titberkilller basligt altinda
aktarildig1 gibidir.
Dalak: Kanama noktalari, nekrozlanma, loblarin kismi
kalinlagsmast.
Pankreas: Langerhans kaslart etrafinda bag dokunun
kalinlasmast ve pankreas hicrelerinin kérelmesi ve
hicre o6lumleri, 2. Kireclenmis bolgeyi kusatan
noktalarda asirt derecede yogunlasmis bag doku.
Boébrekler: 1. Bobrek muhafazasinin kalinlagsmasi, 2.
Muhafazaya yakin noktalarda epitel hiicrelerin ve
lenfoma kiimelerinin varligi ve muntazam olmayan
surette bag doku halesiyle kesilmesi, 3. Muhafazanin
bobrek ana dokusuna bag hatlar salivermesi, 4.
Bobrek ana dokusunda hiicre ¢lriimesinin varlig,
kilcal damarlarin dolmast ve bazilarinin yirtdmasiyla
kanin hiicresel unsurlarin arasina yayilmast.
Kisaca doku hakkinda gorisleri yukarida oldugu gibi
arz ettik. TUm tahribatlar 6nemli bulgulardir. Simdi
tahlil edelim.
Hayvana deney boyunca 6nce Oli basil verilmis ve
sonra 6lmeden bir stire 6nce sindirim organlart yolu
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ile canlt basil verilmisti. Su noktay1 da tahliller ile ilgili
gorislerimize esas olacagt yontyle géz 6ntinden uzak
tutmayalim. Ayni zamanda yazatlart da dahil edelim.
(Sayfa 27) Yazarlara gbre, merkeplerde ruam
haddinden fazla cok siddetli ve uzun streli; su halde
goriilecek tahribat sinirli akciger kanamast ve lenf
baglarinin dolmasi, lenf édeminden ibarettir. Ender
ve mistesna vakalarda ancak dar biytkliginde
olmak tzere adedi pek sinith dartya benzer ruam
tuberktllerinden  ibarettit. Bronsit ve zatlirree
belirtileri goriiliir.

Yine yazatlara bakilirsa ruamin uzun streli olarak
seyrettigi hayvanlarda ruam tiberkilleri kireglenir ise
de hacimce dar1 buytkligini pek gecemez. Su halde
merkeplerde ruam uzun siireli olarak koruyucu halde
bulunamaz. Bundan dolayt nohut, fasulye ve findik
buytkligindeki kireclenmis tiiberkiller nereden
doguyor? Malumdur ki ruam tiiberkillerinden, koh
(koch) basilinden, aktinomikozdan, parazitlerden,
yabanct cisimlerden ileri gelir.

1. Ruam tiiberkillerinin niteligi, bag doku hales,
yuvarlak hiicreler ve akyuvara benzer olarak buytk
hicreler ve peynirimsi maddeden ibarettir. 2. Koh
basili tiiberkili fazla miktarda biyiik hiicre, epitelimsi
hiicre ve yuvarlak hiicre bolgelerinden olusmaktadir,
3. Aktinomikoz merkezi migelyumlardan, etrafi
yuvarlak hiicreler ve lenfomik hiicrelerden ibarettir. 4.
Yabanct cisimler ve parazitlerden ileri gelenlerde
biiyitk hiicreler az miktarda yuvarlak ve epitelimsi
hticreler (eozinofil) ve genellikle kireclenme ile
nitelenmistir. Yabanci cisim veya parazit mevcuttur
veya parazit mevcut degildir.

Bundan bagka buyiik hiicrelerin gesitli titberktllerde
ayrt Ozellikleri vardir. En hacimli tiberkil, parazitler
ve yabanci cisimlerden dogan tiberkillerdir. Fazlaca
kire¢ gorulir. Bazen kireg, tiiberkiilin butin deri
Ozelliklerini karistiracak sekilde kusatir. Mezbahalarda,
ayrilan karacigerde cevizden yumruga kadar, kireg ile
sizan parazit tiiberkillerine rastlanmaktadir.  Sirf
cigerlere 6zel olan parazit tiberkillerinin kendilerine
mahsus 6zellikleri vardir. Su halde merkepte evvelce
parazit veya yabanci cisim mevcut olup tiberkuller
ondan mu ileri geliyor? Hayur. ..

Oncelikle parazit tuberkilleri Ozellikle karacigerde,
sekonder olarak akcigerlerde yer alir. Akcigetlere
mahsus hususi 6zelliklerde ayica parazitlerden ileri
gelen titberkiiller de vardir. Tkinci olarak, ozellikler
yukarida ortaya koyuldugu sekilde degildir, bulunan
karisik  kire¢ kolayca yakindaki dokudan ayirt
edilebilir.

Burada gorilen tiiberkil en fazla cigerlerde ve pek
sinirl olarak karacigerde yer almaktadir. Dokusal
Ozellikleri, ruam tiberkilleri seklindedir. Kirecin
yerini gosterenler de hususi bir sekilde ruam
dokusunu gosterirler. (Sayfa 28) Yabanct cisimden de
(basak, kilgik, kil vs.) degildir. Bunun eseri bile yoktur.
Su halde gordiigiiniiz tiberkuller ruam tiberkilleridir.
Tiberkullerin dokusal 6zelliklerine bakilirsa aynt ruam
kire¢ tasina benzer tiberkild gibidir. Farki 6ncelikle

buylk olmasi, ikincisi kirecin ¢oklugu, tglinciisii
cogunlukla ruam ¢ibaninin merkepte bulunmasidir.
Bu tezat ne ile izah edilecektir? Bu tiberkiller nasi
meydana geliyor?
Canlt ruam basilleri gerek kilcal damarlart tikayarak
fagositoz meydana getirmekle ve gerek toksik
salgilamast  suretiyle fagositoz Uretmekle tuam
tiberkillerini meydana getirsin varsayimlarina gore,
6lmis ve toksini iceren madde enjeksiyonu ile de
ruam tiiberkilleri neden meydana gelsin. ..

Birinci stkka gore, 6lmiis ruam basilleri lenf ve akciger

yumrularina geliyor; kilcal damarlart tikiyor, kanama

meydana  getiriyor, aynt zamanda  fagositoz
olusturuyor. Yavas yavas tuberkil meydana geliyor.

Ikinci olarak karacigere, dalaga, bdébreklere ve

digerlerine gidiyor... Bunlarda ayni hal meydana

geliyor. Bu bakimdan olusan tiiberkiil ruam tiiberkiili

Ozelligindedir. Fakat bir bulagicilik yoktur. Bunun icin

peynirimsi madde yoktur. Devamli olarak segcilmis

noktaya, zerk suretiyle basiller yigiliyor iltihap
belirtileri ~ birbiri  ardindan  gelisiyor. ~ Ttberkdl
ihtiyarliyor, kireglenme basliyor fakat bu ihtiyarlanma
isinin devamli olarak meydana gelmesi kronik ve
dogal olarak seyreden vakalardan daha hizli oluyor.

Tabiatta kronik vakalarda gorillenden daha buytk

nohut, fasulye ve findik buyikliginde tuberkuller

meydana gelmis oluyor.

Ikinci stkka gére, toksin tizerine eklene eklene ayn1 hal

meydana gelmis olur. Iste uzun siireden beri Glmiis

ruam kaltird astlamasina maruz kalan merkepte dogal
halinin aksine meydana gelen kirecli tiberkiillerdir.

Yalntz surast hatitlanmalidir ki bazt tiiberkullerde

goriilen peynirimsilesme hali neden meydana geliyor?

Yukarida ifade ettigimiz gibi Slmis kiltirden sonra

bu hayvana canli basili iceren kiltiir enjekte edilmistir.

Dogal olarak madde viriislidur. Cigerler, karaciger,

dalak ve boébreklerin cesitli bolgelerinde akut ruam

tahribatt  (kanama, hiicre kiimelerinin = birikmesi)
meydana gelmekle beraber, bazi tiiberkiller ruam
basilinin belirgin 6zellikleri olarak peynirimsilesmis,
parcalanmis ve neticede bu tiberkiller viriisli

olmustur, disiincesi ile izah edilebilir mi?

En 6nemli olan tiiberkiillerin durumunu bé&ylece tahlil

ettikten sonra diger tahribatlara gelelim:

A. Cigerlerde ve bronslarin dokusal tahribatinda 1, 2,
3, 6, 11 numarali gorilen Sayfa 29) ruam
tahribati, organin sismesi, yabanci cisimler,
parazitler ve digerleri gibi hastaliklardan dogan
ortak afetlerden sayilir. 4, 5, 7, 10 numarali afetler
ruam akut hasarlarindan ayni canli  kiltirin
enjeksiyonundan dogan hasarlarin  fark edilen
olusumlaridir. 8 ve 9 numarali hasarlar sekonder
ve rastlantisaldir.

Tiberkillerden 1 ve 2 numarali tahribatlar devaml

olarak ve uzun stireden beri enjekte olunan 6l basil

ve toksinlerin virussiiz tahribati, 3 numarali tahribatta
canlt kltirli 6ncesinden meydana gelen tiiberkiillerin
meydana getirdigi tahribattir.
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B. Karacigerde, bobreklerde gorilen parcalayict
tahribat, genellikle laboratuvarlarda  deney
hayvanina ruam, verem gibi kronik hastalik
kiltirlerinin - enjeksiyonu ile meydana gelen
durumla  kiyaslanir. Bobreklerde embriyonik
hiicre  kiimelerinin ~ birikmesi, canli  basil
kiltirlerinin - enjeksiyonundan meydana  gelir.
Kilcal damarlarin dolmasi, bazilarnin yirtilmasi
aynt durumdan meydana gelir.

Strast gelmisken kronik hastaliklarin var olan salgilari

iceren bezeleri bozacagini soylemistik. Pankreasta

goriilen derin tahribat da bu iddianin acik bir delilidir.

Yani ruama hassas olan merkepte bu vasitalar ile

tedavi elde etme veya bu hastaliktan korumaya

inanmak pek de uzak bir durum degildir.

Bagisiklik kazandirmak igin ugrasilan beygirde

i¢ organlarin tahribat1

Beygirde makroskobik sonuglara dair agiklama

1. Bronslar icerisinde ufak hastalik belirtileri,
simiiksii zart tzerinde dolmus dallanmalar ve
kiicik damarlar, baziarinda temiz kan kaynaklt
kanamali morarma mevcuttu. Sag ve sol cigerin
neredeyse Ugte biri katilagsmistt. Brons kilcallart
dolgun bulunuyordu. Cesitli yerlerinde ceviz ve
findik buyikliginde, etrafinda bag doku lifi son
derecede kalinlasmis kire¢ baglama ile yayidmis
tiiberkuller mevcuttu. Ttuberkillerin
merkezlerinde  peynirimsi madde yoktu ve
cigerlerin  tepesinde  amfizem  bulunuyordu.
Gogis zart kalinlasmus, 1,5 litreye kadar hafif
kanli, fibrinden ari ser6z bir madde mevcuttu.
Kalin lenf bezlerinin bir kisminin kiregli ve
dolmus, bir kisminin ise lifli olmasina ragmen
tamaminin  peynirimsi maddeden ari oldugu
goriildil.

2. Karaciger olduk¢a genis bir hacimde, sert
kivamda, dort bes adet fasulye buyiikliginde
kabarmis lifleri icermekteydi. Dalak biraz
biyiimus, kanama noktalart ile (Sayfz 30) doluydu.
Bobrekler bag doku ile perdelenmis, koruyucu lifi
kalinlasmis, bébrek buttind biraz ki¢ilmusta.

Mikroskobik sonuclara dair actklama

1.Brons kilcallarinin iltihabt ve dokusal tahribati, 2.

Ciger lobdlleri arasinda verem, 3. Karaciger

iltihaplanmast, karaciger sirozu 4. Kroniklesmis

bobrek iltihabi ve tahribati.

Tiberkullere gelince: 1. Etrafi son derece kesif bag

doku halesi, bazilarinda kabuklagsmis kire¢ 2.

Lenfomik hiicrelerin sizmastnin bulunmayisi.

Su halde ruama tedavi, 6nemli organizma hasarlari

meydana getirdiginden bunda da bu yol ile sonug elde

edilememistit.

Danada deneysel ruam tahribati

Bu kisim Tababet-i Baytariye Doktoru Testth-i Marazl

Muavini (Veteriner Hekim ve Patoloji Yardimcisi)

Uveys Mazhar Bey tarafindan Derginin birinci

killiyatt  olarak  yayinlanmis  oldugundan oraya

miuracaat edilmesini tavsiye ederiz. Sadece sonuglari
aktariyoruz:

1. 3000 oldirilmis, 280 canli ruam basilini cilt
alttna ve damar icine vermek tzere simdi
mevzumuzu olusturan dana asirt kaseksiden
Slmustur.

2. Otopside gézlemlenen biiyitkce bozulma, her
iki testis tarafinin testis yanlari uglarinda yer
alan peynirimsilesmis iki odak (ruam c¢ibani)
ile bunlarin disartyla olan baglantisint saglayan
fistillerinden,  cigetlerde  hakiki  olarak
sabitlesen ve fakat gercek ruam tahribatina
nazaran yarim niteliksel sekil gésteren odaklar
ile burun vyolu simiksi zart Uzerinde
munferit yumrulardan ibarettir.

Dokusal muayene: Ruam deneyinin dananin
cigerlerinde  meydana  getirdigi  bozulmanin
bronsit akintisi ile beraber hucreletin bozulmast
kokusmus zatlrreli loblar ve bu odaklarin civar
kistmlarinda bir dokular arast akciger yangist
gbrinimi meydana getirmisti. Yani sira burnun
siimiitksti zart Gzerindeki bezelerin de parcalara
bolinmis niive ile muttasif nekrozu bir merkez
ile bunu yenileyen bir taneciklenme cercevesinde
olusan vasiflandirilmis afetler ile ayirt edilen
ruamdan ibaret oldugu meydana ¢ikmust1.

TARTISMA ve SONUC

Calismanin ana materyali olan ayr1 basimin Askerd
Tibb-i Baytari Mecmuta’da yayimlanan 3 ayn
calismanin bitlestirilmis hali oldugu, ayri basimimn 17.
sayfasindan itibaren sunulan patoloji sonuglarina ait
bélumiin ik Gi¢ yayinda bulunmayip diizenleme heyeti
tarafindan ayr1 basima eklendiginin tespit edildigi
bulgular boliminde bildirilmistir. Bununla birlikte
ayrt bastmun 12. sayfasindaki “Bundan dolay: patoloji
laboratuvarim bu bususa ait dederlendirme ve incelemeleri
sonradan  yayminmiza ek olarak  koynlacaktr”  bilgisi
bulgular bolimiinde sunulmustur. Ayrt basimda ¢
ayrt calismaya ek olarak dizenleme heyeti tarafindan
eklenen patoloji bulgulart bélimiyle Osman Nuri
Eralp, Ahmet Bey ve Hiidai Bey’in ruam ile ilgili
calisma sonuglarinin bir arada aktardarak bitinlige
kavusturuldugu soylenebilir.

Ayrt basim ile ilgili olarak birka¢ ¢alismada (Anonim
1928, Dinger 1969, Ucar 1969, Melikoglu 2007)
Osman Nuri Eralp, Ahmet Bey ve Hiidai Bey’in ruam
kiltirlerinin  6ldirilmesi veya zayiflatilmasi esasina
dayalt olan ve aktif bagisiklik saglamast amaclanan ag
ve serumlarin hazirlanmasina  yonelik  arastirma
sonuglarinin 1926-1927 yillart arasinda Asker? Tibb-i
Baytari Mecmiiada yaymmlandigi, ayrica 1927 yilinda
Ellenberger-Schiitz’de de bu ¢aligmalara yer verildigi;
Ahmet Bey ve Hidai Beyin, Askeri Veteriner
Tatbikat Okulunda ruam tzerine calisirken hastaliga
yakalanarak vefat etmelerinin ardindan Osman Nuri
Bey ile yaptiklart ortak calismalarin ayri bir brosiir
halinde yaymmlandigi bilgisine ulasimaktadir. Ancak
literatiirde bahsi gegen ayr1 basim ile ilgili olarak kisa
bilgiler disinda, herhangi bir transkripsiyon veya
transliterasyon calismasina ulagtlamamaktadir.
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Bununla birlikte literatirde Osman Nuri Eralp,
Ahmet Bey ve Hiidai Bey’in ruam hastaligina karst
koruyucu Uriin gelistirmek Uzere yurttikleri bu
calismanin ruamla ilgili Ttrkiye’de bilinen ilk ¢alisma
oldugu vurgulanmaktadir (Dincer 1969, Ucar 1969,
Melikoglu 2007). Bu minvalde Arap harfleri ile basili
olan ayri basimin transliterasyonun ilk defa sunuldugu
bu arastrmanin bulgular boliimiinin hem veteriner
hekimligi tarihi hem de Turkiye’de ruam hastaliginin
patogenezi, klinik seyri ile hastalikla miicadele tarihi
acisindan 6nemli ve degerli oldugu séylenebilir. Yine
bu arastirmalari gerceklestiren Osman Nuri Eralp,
Ahmet Bey ve Hiidai Bey’in Ttrkiye’de ruam hastaligt
ile ilgili calismalar acisindan orjin tegkil ettigi gbz
ontine alindiginda igerigin Turkiye’de ast calismalari
ve mikrobiyoloji tarihi acisindan kaynak niteliginde
oldugu ve daha sonraki aragtirmalar ile baglantist
olabilecegi ileri strtlebilir.

Dinger, ruam hastaligina yakalandiktan kisa siire sonra
vefat eden Ahmet Bey ve Hiidai Bey ile ilgili olarak;
gen¢ Cumbhuriyetin  bilimsel alanda da neleri
basarabilecegini = goéstermek — tzere  fedakarca
yurtttikleri calismalarini hem  yurt ici hem de
yurtdisinda yayimlatarak bilimin evrensellik ilkesinin
en giizide 6rnegini sergilediklerinin, bu c¢alismalarin,
Oz varliklarimizin yitirilmesini 6nlemek amact yaninda
tim uluslarin  ekonomisine ve insan sagligina
yonelmesi bakimindan da uluslararasi bir nitelik
tastdiginin altini ¢izmektedir (Anonim 1978). Buradan
hareketle transliterasyonu yapilan metnin igerigi ile
ilgili olarak her ne kadar as1 ¢alismalari icin olumlu
sonuglara ulagilmamis olsa da calismalatin  tim
asamalart ve genel olarak metodolojisinin evrensel
bilim 6lgiitlerine uygun oldugu ve Cumhuriyet
dénemi i¢in pozitif bilimin 6ncl ¢alismalart arasinda
sayilabilecegi sonuclarina varilabilir. Bunun yani sira
Osman Nuri Eralp, Ahmet Bey ve Hiidai Bey’in ayn
basimin iceriginde de yer alan calismalarinin 1927
yiinda  Ellenberger-Schiitz’de  de  yayimlanmast,
yapilan ¢alismalarin yurt disinda da ilgi goriip takip
edildigi ve bilimsel olarak da kabul edildigi seklinde
yorumlanabilir.

Ayr1 basimin 17. sayfasindan itibaren 6nce asilanan
sonra canhi ruam basili enjekte edilen merkep ve
beygir deneyinde, merkebin ruamdan J6ldugh ve
otopsisinde i¢ organlarinda ciddi hasarlar goértldigi,
beygirin ise canli ruam basili enjekte edildikten sonra
bulasmayr Onlemek amaciyla itlaf edildigi  ve
otopsisinde doku ve organlarda merkepte oldugu
kadar hasara rastlanmadigt bildirilmistir. Yazarlar
tarafindan ruama karst koruyucu bir as1 veya tedavi
edici bir yol konusunda basariya ulastlamadigi sonucu
vurgulanmis olsa da, beygir ve merkep deneyinden
elde edilen sonuglar tizerinden neredeyse ruama karsi
etkili bir as1 icin 6nemli bir adim atldig yorumu
yapilabilir. Hatta metinde de bildirildigi tizere deneyi
tekrarlamak ile ilgili sinirliliklar olmasayd: ruam ile
ilgili calisma ekibinin gayretlerinin farklt bir bicimde
sonuglanmis olabilecegi de s6ylenebilir.

Sonug olarak; Osman Nuri Eralp, Ahmet Bey ve
Hiudai Bey calismalarinin detlendigi Ruam kdbil-i tedavi
midir? Ruama fars: age ve serum istibzar ve tatbifi miimkiin
miidiir? baslikli Arap harfleriyle basilmis olan ve
transliterasyonu  ilk defa sunulan ayr1 basimin,
Tirkiye’de ruama dair bilimsel calismalar acisindan ilk
olmast ve doénemin bilimsel ¢alisma prensiplerini
gOstermesi acisindan genel de tarih arastirmalart zel
de ise veteriner hekimligi tarihi agisindan Onemli
oldugu, cok agsamali olarak fedakarca vyiritilen
deneylerde izlenilen metodolojinin evrensel ilkelere
paralel oldugu, her ne kadar olumsuz sonuglandig
yazarlar tarafindan bildirilmis olsa da, ruam ile ilgili
ileriki tarihlerde gerceklestirilmis olan ast calismalart
acisindan 6nem arz ettigi ileri stirtilebilir.

Cikar cgatigmasi: Yazarlar bu yazt icin gercek,
potansiyel veya algilanan ctkar catismasi olmadigini
beyan etmiglerdir.

Yazarlarin Katki Orani: Yazarlar makaleye esit
oranda katki saglamis olduklarini beyan etmislerdir.

Etik izin: Bu yazida sunulan veri, bilgi ve belgeler
akademik ve etik kurallar cercevesinde elde edilmistir.
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ABSTRACT
This study aimed to determine the serum levels of two inflimmatory biomarkers, named, mid-regional pro-
adrenomedullin (MR-Pro ADM) and soluble triggering receptor expressed on myeloid cells (STREM-1), in cattle
diagnosed with pneumonia. For this purpose, 40 patient female cattle, which were aged 2-7 years and displayed
coughing, dyspnea, nasal discharge, anorexia and abdominal respiration, and 15 healthy female cattle within the
same age range, were evaluated. The diseased cattle underwent clinical and radiological examinations and were
sampled for blood prior to receiving treatment. The healthy subjects also underwent clinical examination and
were sampled for blood once. Blood samples were used for biochemical and hematological measurements. While
the diseased group had higher serum levels of MR-Pro ADM (86.3816.33), compared to the healthy control
group (61.81+4.96); the pneumonic cattle had lower levels of STREM-1 (75.93%1.86), in comparison to the
healthy group (96.55£9.13).
In conclusion: MR-Pro ADM and sTREM-1 levels are very important diagnostically in cattle with pneumonia.
Key words: Cattle, MR-Pro ADM, Pneumonia, sSTREM-1

Pnoémonili Sigirlarda Miyeloid Hiicrelerde Eksprese Edilen Mid-regional Pro-Adrenomedullin ve
Soluble Tetikleyici Reseptoriin Serum Diizeyleri

oz
Bu calisma, pnémoni tanist konulan sigirlarda mid-regional pro-adrenomedullin (MR-Pro ADM) ve miyeloid
hiicrelerde eksprese soluble tetikleyici reseptdr olmak tizere iki enflamatuvar biyobelirteg ile bazi biyokimyasal ve
hematolojik parametrelerin serum diizeylerinin belitlenmesini amacladi. Bu amagcla 2-7 yas aras1 6ksiriik, nefes
dathg, burun akintsy, istahsizlik ve abdominal solunumu gésteren 40 hasta disi sigir ve aynt yas arahiginda 15
saglikl disi sigir degerlendirildi. Hasta sigirlar tedavi edilmeden 6nce klinik ve radyolojik muayenelere tabi tutuldu
ve kan Ornekleri alindi. Saglikli sigirlar ayrica klinik muayeneye tabi tutuldu ve bir kez kan érnekleri alindi. Kan
6rnekleri biyokimyasal ve hematolojik Sl¢iimler icin kullanddi. Hasta grupta MR-Pro ADM serum diizeyleri
(86,38%6,33) kontrol grubuna (61,81+4,96) gbre daha yiksek bulundu. Hasta sigirlarin sSTREM-1 seviyeleri
(75,93%1,86) saglikli gruba kiyasla (96,5519,13) karsilastirildiginda istatistiksel olarak anlaml diigitk bulundu.
Sonug olarak: MR-Pro ADM ve sTREM-1 seviyeleri pnémonili sigirlarda diagnostik acidan olduk¢a 6nemlidir.
Anahtar kelimeler: Mr-Pro-Adm, Pnémoni, Sigir, sSTREM-1
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INTRODUCTION

One of the primary causes of economic loss in cattle
production systems across the world and in Turkey is
respiratory diseases. Pneumonia is one of the most
commonly encountered bovine respiratory diseases
(Issi et al. 2015, Durgut and Kése 2017). Pneumonia
is described as the inflammation of the pulmonary
tissue and is frequently associated with pleuritis
(Dortkardes 2018)

One of the leading causes of the high prevalence of
pneumonia in cattle is the anatomical structure and
physiological characteristics of the bovine lungs. The
multilobular structure of the bovine lungs reduces
their cleansing capacity. Given the normal anatomical
flow of pharyngeal fluids towards the lungs, cattle
have a high risk of developing pulmonary
hypertension. The lungs of cattle are small compared
to their body size. Therefore, their pulmonary
capacity is low. The ventilation capacity of bovine
lungs at both hot and cold temperatures is low.
Furthermore, compared to other animal species,
cattle are characterized by weak phagocytic activity in
the pulmonary tissue (Kurtdede and Kalinbacak
2016).

The main causes of bovine pneumonia include stress
factors, seasonal change, transport, high stocking
density (overcrowded housing), unfavorable weather
conditions (extreme hot and cold temperatures,
storm, high humidity), dust-laden air, poor
ventilation, poor management and malnourishment,
and immunosuppression (Henry et al. 2012, Hilton
2014, Anonymous 2014, Derek 2014, Gilersoy and
Sen 2017). Furthermore, microorganisms involved in
the etiology of pneumonia include viral pathogens
such as bovine viral diarrhea virns BVD), bovine respiratory
syneytial  virns (BRSV),  bovine  herpes  virus  type 1,
parainfluenza virus type 3 (P13) and bacteria such as
Pastenrella multocida, Mannheimia baemolytica, Mycoplasma
spp. (Hodgins et al. 2002, Radostits et al. 2008,
Woolums et al. 2009, Panciera and Confer 2010),
Histophilus — somni  (Booker  2005)  _Arcanobacterium
pyogenes,  staphylococci, streptococci and  Gram-
negative  bacteria  belonging to  the family
Enterobacteriacea (Griffin et al. 2010).

Clinical symptoms associated with pneumonia include
anorexia, fever, dyspnea, tachypnea, nasal discharge
of varying types (Lopez et al. 2017), coughing,
pathological breathing sounds at auscultation, lacrimal
discharge, mental slowness (Giilersoy and Sen 2017,
Dértkardes 2018), crepitation at the auscultation of
cases with severe exudation in the respiratory system,
friction sounds at the auscultation of cases with
effects on the pleura (Griffin et al. 2010), and
cyanosis (Ives and Richeson 2015).

Soluble triggering receptor-1 expressed on myeloid
cells has a molecular weight of 30 kDa and is found
on the surface of neutrophils, monocytes,
macrophages and endothelial cells (Adly et al. 2014).
TREM-1 is involved in the activation of toll-like

receptors (TLR-2 and TLR-4) (Jin Jeong et al. 2012)
and increases inflammatory signals by means of DAP-
12 protein (Zhang et al. 2011). Furthermore, TREM-
1 mediates the production of cytokines and
chemokines, including intetleukin-13 (IL-18), tumor
necrosis factor-alpha (TNF-o) and interleukin-8 (IL-
8) (Smok et al. 2020). The soluble form of triggering
receptor-1 expressed on myeloid cells, abbreviated as
sTREM 1 (Su et al. 2011), is used for the assessment
of the inflaimmatory response (Gamez-Diaz et al.
2011) and is found in several body fluids, including
the cerebrospinal fluid, bronchoalveolar lavage fluid,
urine, pleural fluid, and blood plasma (Smok et al.
2020).

One of the precursors of adrenomedullin (ADM) is
pro-ADM (Morgenthaler et al. 2005).
Adrenomedullin is classified under the family of the
calcitonin gene-related peptides (CGRP) (Geven et al.
2018). In the body, ADM is produced in multiple
tissues (Valenzulea-Sanchez et al. 2016, Geven et al.
2018), including the pulmonary tissue (Garazzino et
al. 2019). ADM has vasodilator (Akpinar et al. 2014),
diuretic and natriuretic  (Rey et al. 2013),
bronchodilator (Onal et al. 2018), antimicrobial
(Garazzino et al. 2019), antifungal and anti-
inflaimmatory (Akpinar et al. 2014) effects. ADM is
localized to the surface of the epithelium lining the
respiratory tract (Valenzulea-Sanchez et al. 2016). In
cases of hypoxia, oxidative stress and inflammation,
which are induced by lipopolysaccharides (Garayoa et
al. 2000) and cytokines such as TNF-a and IL-1
(Ghobrial et al. 2020), ADM synthesis has been
determined to increase (Fahmey et al. 2018). It is not
possible to measure blood adrenomedullin levels as
this peptide hormone rapidly binds to its carrier
receptors, has a short half-life and is rapidly
metabolized (Geven et al. 2018). Therefore,
measurements are targeted at the mid-regional
fragment of ADM, referred to as mid-regional pro-
adrenomedullin (MR-proADM) (S6nmezer and Tilek
2015, Onal et al. 2018, Garazzino et al. 2019).

This study was aimed at determining alterations in the
sTREM-1 and MR-proADM levels of cattle
diagnosed with pneumonia, based on clinical and
radiographic findings.

MATERIAL AND METHOD

The present study was performed pursuant to the
approval of the Local Ethics Board for Animal
Experiments of Kafkas  University (KAU-
HADYEK/2022-032). The study material comprised
of 40 patient female cattle, which were aged 2-7 years,
of different breeds, and referred to the Internal
Medicine Clinic of the Animal Health Training,
Research and Practice Hospital of Katkas University
Faculty of Veterinary Medicine with complaints of
coughing, anorexia and fever. Fifteen healthy female
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cattle, within the same age range, were maintained for
control purposes. The selected diseased animals did
not receive any prior treatment. The diseased animals
included in the study were selected according to their
clinical examination and manifestation of coughing,
anorexia, dyspnea, mucosal cyanosis, abdominal
respiration, nasal discharge, and pathological sounds
such as moist and dry rales and crepitation-friction at
auscultation. The body temperature, respiratory rate
and pulse of the diseased animals were recorded, and
radiographic ~ examinations of pulmones were
performed.

Jugular blood samples were collected prior to
treatment (at 0 h) from the diseased cattle and only
once from the healthy cattle, using a holder and a
sterile needle (Vacuette®, Greiner Bio-One GmbH,
Austria). Blood samples were drawn into evacuated
gel serum tubes (BD Vacutainer®, BD, UK) and
evacuated EDTA-coated tubes (BD Vacutainer®, BD,
UK). Blood samples in the vacutainers were
centrifuged at 3000 rpm for 10 minutes (Hettich
Rotina 380R®, Hettich, Germany) for the extraction
of serum. The extracted sera were used for the
measurement of biochemical parameters, whilst
whole-blood samples were used for the measurement
of hematological parameters. The sera used for the
measurement of STREM-1 and Mr-Pro-ADM levels
were stored at -20 °C until being used for analyses.
With the aid of a fully automated blood cell counter
(VG-MS4e®, Melet Schloesing, France), the whole-
blood samples were analyzed for the determination of
the white blood cell count (WBC), red blood cell
count (RBC), hematocrit percentage (HCT),
hemoglobin concentration (HGB), and thrombocyte
count (THR). Furthermore, with the aid of a fully
automated biochemistry analyzer (Mindray BS120%®,
Mindray Medical Technology, Istanbul, Turkey) the
extracted sera  were analyzed for alanine
aminotransferase (ALT), aspartate amino transferase
(AST), glucose, creatinine (CREA), urea (UREA),
total protein (TP), albumin (ALB), creatine kinase
(CK), and iron (Fe) measurements.

Radiological Evaluation

Radiological evaluations were carried out at the
Radiology Unit of the Surgery Department of Kafkas
University, Faculty of Veterinary Medicine.
Radiographic images were taken using a 35x43 cm
cassette, in the right or left laterolateral (I./L) view, at
80-85 kV and 20-25 mAs, using a computerized
radiography (CR) system (Fujifilm Tirkiye).

ELISA Measurements

In the present study, the serum levels of sSTREM-1
and MR-proADM were determined with commercial
bovine-specific ELISA kits (Bovine sTREM-1 ELISA
kit®, Bovine Mr-Pro-ADM ELISA kit®, BT Lab,
China). The ELISA test kits were used according to
the manufacturer’s instructions, and optical density

was measured at a wavelength of 450 nm with an
ELISA reader (Thermo Scientific®, USA). The
sTREM-1 and MR-proADM values were determined
by regression analyses.

Statistical Analysis

Statistical analysis of the data was performed using
SPSS® (Version 26.0, Chicago, IL, USA) software.
The statistical differences between the groups with
normal distribution according to Shapiro-Wilk test
were compared by independent sample t-test. The
obtained results were given as mean * standard error
of the mean (SEM). P < 0.05 was considered
significant in the evaluation of the results.

RESULTS

The clinical examination of the diseased cattles
included in the study revealed signs of coughing,
fever, anorexia, dyspnea, abdominal respiration, nasal
discharge of varying types, pathological sounds at
pulmonary auscultation, and in cases characterized by
severe dyspnea, cyanosis. The vital signs (body
temperature, respiratory rate per minute, pulse rate)
of the diseased and healthy animals were subjected to
comparative  statistical  evaluation  (Table 1).
Accordingly, the results demonstrated that values
pertaining to the vital signs were significantly higher
in the diseased animals, compared to the healthy
control subjects (P<0.05).

The WBC, RBC, HCT, HGB and THR values of the
diseased and healthy animals are presented in Table 1.
The indicated hematological parameters were found
to be higher in the diseased animals, in comparison to
the healthy control group (P<0.05).

Radiography revealed increased opacity caused by
pulmonary consolidation, particularly in the cranial
lobes, but distributed throughout the lungs, due to
severe pneumonia (Figure 1). The severity of
bronchial consolidation decreased caudally, such that
severe opacity was replaced by air-filled radiolucent
areas, yet all cases displayed severe pneumonia.

The serum biochemical parameters (ALT, AST,
glucose, CREA, UREA, TP, ALB, CK, Fe) are
presented in Table 2. When compared to the control
group, the patient animals had significantly higher
ALT, AST and CK activities and CREA, UREA and
TP concentrations (P<0.05). Also patient animals had
significantly  lower ~ALB, glucose and Fe
concentrations (P<0.05).

The serum sTREM-1 and MR-proADM levels of the
diseased and healthy animals are given in Table 3.
When compared to the healthy controls, the diseased
group presented with significantly higher MR-
proADM concentrations (P<<0.05) and significantly
lower sSTREM-1 concentrations (P<0.05).
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Table 1. Mean values and standard error values (SEM) of physical examination findings and hematological
parameters in the patient and control groups.

Patient* (n=40)  Control (n=15)

Parameters p
Mean + SEM

Rectal temperature (°C) 39.47£0.11 38.4210.11 <0.001
Breaths/min 44.05£1.69 22.53+1.82 <0.001
Heart beats/min 87.70£1.94 66.00£2.13 <0.001
Total leukocytes count (X103/uL) 22.29%1.46 9.64%0.99 <0.001
Red blood cell count (x106/uL) 12.61%£0.59 9.12+0.63 0.002
Hematoctit (%) 48.73%1.65 36.02+2.29 <0.001
Hemoglobin (g/dL) 18.30%0.75 11.05£0.69 <0.001
Platelet count (x103/uL) 642.35+38.23 204.531£41.82 <0.001

p<0.05: Indicates statistical significance between pneumonia and control groups.
SEM: Standard error of mean.

Figure 1: Radiographic image of the lung of one of the cattle in the patient group diagnosed with pneumonia.
Radiography revealed increased opacity caused by pulmonary consolidation, particularly in the cranial lobes, but
distributed throughout the lungs, due to severe pneumonia. The severity of bronchial consolidation decreased
caudally, such that severe opacity was replaced by air-filled radiolucent areas.

112



Table 2. Mean values and standatrd error values (SEM) of biochemical parameters in the patient and control groups.

Patient* (n=40)

Control (n=15)

Biochemical Parameters Mean + SEM P

Alanine aminotransferase (IU/L) 225.31£22.39 23.20£2.43 <0.001
Aspartate aminotransferase IU/L) 378.30£28.28 104.73£4.70 <0.001
Creatine (mg/dL) 2.73%0.19 1.20£0.09 <0.001
Urea (mg/dL) 108.53%£7.98 31.93+1.68 <0.001
Total protein (g/dL) 8.23+0.40 6.79+0.17 0.002
Albumin (g/dL) 2.78%0.17 3.62%0.15 0.044
Creatine kinase (IU/L) 252.15%£17.14 95.13+6.37 <0.001
Glucose (mg/dL) 69.65£5.64 108.73%6.32 <0.001
Iron (mg/dL) 60.27£5.61 105.53%8.00 <0.001

p<0.05: Indicates statistical significance between pneumonia and control groups.

SEM: Standard error of mean.

Table 3. Mean values and standard error values of biomarkers in the patient and control groups.

Patient (n=40)

Control (n=15)

Biomarkers P
Mean + SEM

MR-Pro-ADM (ng/L) 86.38106.33 61.81£4.96 0.004

STREM-1 (ng/L) 75.93%+1.86 96.5519.13 0.043

p<0.05: Indicates statistical significance between pneumonia and control groups.

SEM: Standard error of mean.

DISCUSSION

Bovine pneumonia is associated with multiple clinical
signs, including anorexia, fever, and in advanced
cases: dyspnea, tachypnea, nasal discharge of varying
types (Lopez et al. 2017), coughing, pathological
breathing sounds at auscultation, lacrimal discharge,
mental slowness (Giilersoy and Sen 2017, Dértkardes
2018), keeping the mouth open, rapid opening and
closing of the nostrils, stretching forth of the head,
keeping the anterior feet apart from the body,
difficulty in laying down and standing up, tachycardia,
groaning  (Guterbock  2014),  crepitation  at
auscultation in cases associated with severe exudation
in the respiratory tract, cyanotic appearance of the
mucosae and conjunctivae (Ives and Richeson 2015),
sound of friction in cases with impact on the pleura
(Griftin et al. 2010), decreased production yields and
emaciation (Radostits et al. 2007). In agreement with
previous reports, in the present study, the diseased
animals were observed to display anorexia, fever,
coughing, emaciation, dyspnea, tachypnea,
tachycardia, nasolacrimal discharge, pathological
breathing sounds at auscultation, and cyanosis.
Bacterial and viral bronchopneumonia cases are
associated with leukocytosis or leukopenia. Moreover,
due to anorexia and hypoxia, these cases also
manifest with polycythemia (Giilersoy and Sen 2017).
In the present study, the hematological examination
of the diseased animals revealed leukocytosis caused

by severe infection, as well as polycythemia caused by
anorexia and hypoxia (P<0.05).

In animals, thrombocytosis has been reported to be
caused by stress, inflammatory diseases, iron
deficiency, drug and corticosteroid wuse, and
polycythemia (Kayar 2013). In the present study,
similarly, we considered thrombocytosis to have
developed due to the same reasons.

The levels of the hepatic enzymes alanine transferase
(ALT) and aspartate transferase (AST) increase in
parallel with liver damage, endotoxemia-induced
passive congestion, soft tissue damage and tightness
of the forestomach (Baser and Civelek 2013, Zeybek
2013). In the present study, the animals diagnosed
with pneumonia were also determined to have ALT
and AST activities higher than those of the control
subjects (P<0.05). We think that the increased activity
of these enzymes may be due to soft tissue damage
and passive congestion caused by pneumonia-induced
endotoxemia.

Renal functions are assessed in view of both serum
urea and creatinine levels. Fever caused by severe
infection, as well as anorexia, are associated with a
dehydration-triggered increase in protein catabolism.
In such cases, both blood pressure and the
glomerular filtration rate decrease. Eventually,
functional kidney disorders occur. Functional
disorders of the kidneys are associated with increased
serum urea and creatinine levels (Uzlu et al. 2010,
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Bager and Civelek 2013, Bal 2019, Eroglu and Kirbas
2020). Similar to literature reports, in the present
study, when compared to the healthy controls, the
diseased cattle were found to present with increased
serum urea and creatinine levels (P<0.05). We think
that urea and creatinine may have increased due to
fever, loss of appetite, protein catabolism and
dehydration in cattle diagnosed with pneumonia in
our study.

In cases of severe infection, soft tissue damage and
myopathy occur (Langhans et al. 2014, Rocheteau et
al. 2015). This, in return, causes an increase in serum
CK activity (Aydin et al. 2018, Akyliz and Gokee
2021). In agreement with literature data, in the
present study, the diseased animals displayed an
increased CK activity in comparison to the healthy
controls (P<0.05).

In the event of dehydration, due to decreased plasma
volume, both the total protein level and
hemoconcentration increase (Baba¢ 2014, Eroglu and
Kirbas 2020). Another cause of an increased total
protein level is increased globulin, sialoprotein and
fibrinogen levels caused by tissue damage resulting
from severe inflammation (Uzlu et al. 2010). The
serum levels of albumin, a negative acute-phase
protein, decrease under severe inflammatory
conditions (Silverstein and Otto 2012). In the present
study, in agreement with literature data, the diseased
animals were determined to have increased total
protein levels and decreased albumin levels, in
comparison to the healthy controls (P<0.05).

It has been reported that endotoxemia is associated
with hypoglycemia (Coskun and Sen 2012). The
underlying reasons of hypoglycemia could be the
disruption of the hepatic glucose metabolism (Sen et
al. 2009) or infection-induced anorexia (Aydogdu et
al. 2019). In the present study, the blood glucose
levels of the diseased group were observed to have
significantly decreased (P<0.05). This decrease was
attributed to both endotoxemia and anorexia.

Iron (Fe) has several significant functions in the body.
Found in the structure of hemoglobin, one of its
major functions is maintaining the continuation of
oxidation. Iron levels decrease in cases of nutrition
disorders, acute and chronic infections and severe
inflammatory disorders (Kaneko et al. 2008). The
decrease observed in serum Fe levels with the
development of disease, result from iron being
consumed by pathogens, as well the iron stock of
tissue fluids being used by the body defense system to
prevent the growth of pathogens (Kuru et al. 2015,
Yilmaz and Gokee 2017, Akyiiz et al. 2022). Similarly,
in our study, we determined that serum Fe
concentrations had decreased in the diseased cattle
(P<0.05). This was attributed to both the severity of
pneumonia and malnutrition resulting from anorexia.

The soluble triggering receptor expressed on myeloid
cells is found in the cerebrospinal fluid, urine,
bronchoalveolar lavage fluid, pleural fluid, and plasma
(Smok et al. 2020), and is used to assess the intensity

of inflaimmation (Su et al. 2016). Reports indicate that
this receptor decreases in the event of severe
inflammation and acts as a negative acute phase
reactivator. The decrease observed in the level of
STREM results from the physical distupt of the
mucosal barrier by inflammatory mediators, leading
to the breakdown of this receptor at tissue level
When inflaimmation develops in the body, neutrophil
leukocytes migrate to the damaged tissues, and
mucosal damage occurs. The adhesion of the
neutrophils, which migrate to tissues, results in a
decrease in the STREM-1 level (Kutlu et al. 2021,
Sezer and Gokee 2021). In agreement with literature
reports, in the present study, the animals diagnosed
with pneumonia were determined to have decreased
sTREM-1 levels.

Adrenomedullin is used for the assessment of the
severity of inflimmation in cases of sepsis (Abd
Elmouttaleb et al. 2016, Geven et al. 2018, Sezer and
Gokee 2021), and diseases of the circulatory and
respiratory systems. In such cases, ADM levels
increase (Morgenthaler et al. 2005, Bernal-Morell et
al. 2018) to regulate vascular tonus and maintain
perfusion in the visceral organs (Akpinar et al. 2014,
Fahmey et al. 2018). In our study, the diseased cattle
were also determined to have increased MR-proADM
levels. This increase was attributed to circulatory
disorder and tissue perfusion deficiency having
developed in the pneumonic cattle.

Previous research suggests that ADM levels increase
in parallel with the severity of infections (Simon et al.
2016, Geven et al. 2018). In severe inflammatory
diseases affecting the lungs, ADM levels increase
because of adrenomedullin not being able to be
climinated from the pulmonary circulation (Abd
Elmouttaleb et al. 2016). Cases characterized by
reduced glomerular filtration and renal failure have
also been reported to be associated with increased
ADM levels (Jordan et al. 2014). Furthermore, the
glucocorticoid hormone, lipopolysaccharides found in
the cell wall of Gram-negative bacteria (Garayoa et al.
2000), cytokines (Ghobrial et al. 2020), anoxia, and
inflammation-induced oxidative stress also cause
increased ADM levels (Fahmey et al. 2018, Garazzino
et al. 2019). ADM is known to have antibacterial and
anti-inflammatory effects (Akpimnar et al. 2014). In
agreement with literature data, in our study, we
attributed the increased ADM levels of the diseased
cattle to the pulmonary damage, anoxia, oxidative
stress and anorexia-induced prerenal failure associated
with pneumonia, as well as to the antibacterial and
anti-inflammatory effects of adrenomedullin.

CONCLUSION

In conclusion, MR-proADM levels increased and
STREM-1 levels decreased in cattle with pneumonia
in this study. We think that MR-proADM and
sTREM-1 levels may have diagnostic significance in
terms of contributing to clinical findings, radiographic
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imaging and laboratory analysis in cattle with
pneumonia.
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A Case of Thoracic Spondylosis Deformance in a Boxer Dog
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ABSTRACT

The material of this case report was consisted of a 5-years-old boxer male dog. In the anamnesis information obtained,
it was learned that the patient was reluctant and felt pain while walking and going up and down the stairs, had
incoordination disorder in the front extremities, and walked wobbly. In the clinical and orthopedic examination, no
fracture or dislocation findings were found in the extremities. It was observed that he gave pain responses during the
examination. In the thoracic LL, VD and abdominal LL radiographs of the patient, bone growths were detected
between the vertebrae. Bone growths in the form of bridging were observed between the thoracic and lumbar T3-T4,
T4-T5, T5-T6 and 1.2-L3, L.4-1.5, L6-L7 vertebrae. In the treatment, Prednol was administered at a dose of 2 mg/kg,
IV on the first day and IM on the next two days. Every other day, B-complex vitamin support was provided and
physical therapy was recommended. As a result, it is thought that sharing a rare case of cranial thoracic spondylosis
deformans with our clinical colleagues will contribute to clinical practice.

Key words: Boxer, cranial thoracal spondylosis deformans, dog, X-R images.
ok

Bir Boxer Itki K6pekte Torakal Spondilozis Deformans Olgusu

(074

Bu olgu sunumunun materyalini 5 yaslt, boxer 1rki erkek képek olusturdu. Alinan anamnez bilgide olgunun yiiriirken ve
merdiven inip ¢ikarken isteksiz oldugu ve agrt duydugu, 6n ekstremitelerde koordinasyon bozuklugu oldugu, sallantidt
sckilde yuradigi Ogrenildi. Yapilan klinik ve ortopedik muayenede ekstremitelerde kirtk ve c¢ikik bulgusuna
rastlanilmadi. Muayene sirasinda agr tepkileri verdigi izlendi. Olgunun alinan torakal LL, VD ve abdomen LL
radyografilerinde vertebralar arasinda kemik tiremeleri oldugu tespit edildi. Torakal ve lumbal T3-T4, T4-T5, T5-T6 ve
L.2-1.3, 14-1.5, L6-1.7 omutlar arasinda koprilesme seklinde kemik tremeleri gozlendi. Tedavide Prednol 2 mg/kg
dozunda ilk giin IV sonraki iki gtin IM yapildi. Giin agirt B-kompleks vitamin destegi saglandi ve fizik tedavi 6nerildi.
Sonu¢ olarak nadir olarak rastlanan kranial torakal spondilozis deformans olgusunun klinik hekimligi yapan
meslektaslarimizla paylasmanin klinik pratige katk: saglayacagi disinilmektedir.

Anahtar kelimeler: Boxer, kdpek, kranial torakal spondilozis deformans, radyolojik muayene
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GIRIS

Spondilozis deformans; korpus vertebra’larin ventral
ve lateral ytizeylerinde lokalize olan ve zamanla ardisik
iki  vertebra arasinda kemik koprilesmesi ile
sonugclanabilen, yangisal olmayan omurga
rahatsizligidir (Devecioglu ve Yiicel 2002).
Spondilozis deformans genellikle klinik olarak 6énemi
g6z ardi edilse de, lateralize yeni kemigin foramen
intervertebralea’ya girmesi sinir kokl stkismasina ve
ardindan klinik belirtilere neden olabilir. Yeni kemik,
iletlemenin asamasina baglt olarak tam veya eksik
koprilesme olusturabilir.  Genellikle siurlart  belli
kortikal ve mediller bilesenlerden olusur. Lezyonun
etkiledigi intervertebral diskler daralabilir ve disk
materyali  mineralize  olabilir (Wisner  ve
Zwingenberger 2015). Spondilozis deformans’ta
osteofitler ile birlikte dejeneratif degisiklikler de
gortlebilir, ancak osteofit olusumu, diger dejeneratif
degisiklikler olusmadan Once sekillenir (Sekil 1).
Spondilozis deformans’ta osteofitler ve dejeneratif
degisiklikler — yangisal — etkenlerden  bagimsizdir.
Etiyolojisinde  yanginin  olmamasindan  dolayt
spondilitis degil, spondilozis terimi kullaniir (Kaya
2016).

Veteriner hekimlikte radyografik inceleme, osteofit
olusumunun belitlenmesinde en stk bagvurulan
yontemdir. Radyolojik goriintilerde u¢ plaklarda
genellikle ventral veya lateral yeni kemik olusumunun
képrilenmesinden olusur. Kemik pargalart omurdan
ayrilabilir. Spondilozis deformansin temel 6énemi, onu
diger patoloji bigimlerinden ayirt etmektir. Ozellikle,
bir lateral radyografideki lateral spondiloz, diskal
mineralizasyonu veya diger kemik proliferasyon
bicimlerini taklit edebilir (Holloway ve Schwarz 2016).
Kopeklerde spondiloz deformans insidanst cinsiyet,
yas ve cins ile iligkilendirilmistit. Durum, yagllikta
daha yitksek insidans ile her yasta tanimlanmistir
(Morgan 1967). Alman ¢oban kopekleri ve Boxer 1rk1
kopekler bu hastaliga karst predispozisyon gdsteren
képek irklandir. Kedilerde ise bu hastalik en fazla
torakal bolgede (T4-T10) goézlenirken, omurlarin T10-
S1 segmentinde hastaligin  siddet derecesi daha
yiksektir (Kaya 2016). Spondilozis deformans'in
oncelikli lokalize oldugu boélgeler, kaudal torakal ve
kaudal Iumbal vertebralar ile lumbo-sakral aralik
olarak  belirtilmistir. Bu  hastalikta; lezyonun
cogunlukla radyolojik incelemeler sirasinda tesadiifen
ortaya ¢kttt ve ¢ok ender ciddi ndrolojik
bozukluklara neden oldugu bilinmektedir (Devecioglu
ve Yicel 2002).

Spondilozis'in 6zel bir tedavi sekli yoktur. Béyle
hastalara tam istirahat, viicut agirliginin azaltilmasi igin
diyet uygulamasinin yapilmasi, egzersiz sinirlandirmasi
ve fizyoterapi gibi konservatif yontemlere ek olarak
damar ici yolla procaine enjeksiyonlari, nonsteroid
antiinflamatuvar ilag

(NSAII) uygulamalari ile giinimiizde semptomatik
tedaviye bagvurulmaktadir (Kaya 2016).

Sekil.1.  Spondilozis deformansta osteofit gelisim derecesini gOsteren
cizim.

Figure 1. Drawing showing the degree of osteophyte development in
spondylosis deformans.

Iderecesinde osteofit, kiicik kemik ¢ikintisi seklinde olup vertebral
kenarlarin kranial veya kaudal késelerini asmamistir.

I1. derecesinde osteofitler birbirlerine dogru yonelerek vertebral kenarlarin
kranial veya kaudal késelerini ventral diizeyden asmis halde izlenir.

II1. derecesinde ise iki vertebral kenarin kranial ve kaudal koselerindeki
osteofitler ventralden veya lateralllerden birlesmis, képriilesmis sekilde
izlenir (Kaya 2016).

OLGUNUN TANIMI

Bu olgu sunumunun materyalini; Afyon Kocatepe
Universitesi Veteriner Saglik Uygulama ve Arastirma
Merkezi Cerrahi Klinigine ajite bir halde yirimede
isteksizlik, 2-3 glindiir devam eden istahsizlik
sikayetleri ile getirilen 5 yasinda Boxer irki erkek
koépek olusturdu. Alinan anamnez bilgide képegin
yurtrken, merdiven inip ¢ikarken isteksiz oldugu ve
agrt  duydugu, 6n ckstremitelerde koordinasyon
bozuklugu oldugu, sallantili sekilde yurddagi
Ogrenildi.  Yapilan  klinikk  muayene  sonrast
ekstremitelerin palpasyon muayenesinde kirtk ve ¢ikik
bulgusuna rastlanilmadi. Muayene sirasinda  agr
tepkileri  verdigi izlendi. Radyolojik muayenede;
Torakal LI (Resim 1), VD (Resim 2) ve abdomen LL
(Resim 3) radyografik goriintiilerde torakal bolgede
T3-T4, T4-T5, T5-T6 omurlar ile lumbal bélgede 1.2-
L3, L4-L5, L6-L7 omutlar arasinda koprilesme
seklinde kemik tiremeleri oldugu gbzlendi.

Tedavide hastaya Prednol 2 mg/kg dozunda ilk giin
IV iki gin IM uygulandi. Giin agir1 B-komplex
(Norogtrizovim) vitamin destegi saglandi. Fizik tedavi
onerildi.
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Resim 1.0lgunun L/L Torakal Radyografik gorinimu
Picture 1. X-ray image of L/L thoracic aspect of the case.

Resim 2. Olgunun L/I. Abdominal Radyografik goriinimii.
Picture 2. Abdomen L/L Radiography of the case.

Resim 3. Olguya ait Abdomen V/D Radyografik gorinim.
Picture 3. Abdomen V/D Radiographic image of the case.

TARTISMA VE SONUGC

Kaya’nin da (2016) belirttigi gibi Alman c¢oban
kopekleri ve Boxer ki képekler bu hastaliga kargt
predispozisyon gosteren képek irklaridir. Bu olguya
konu olan hastanin 5 yash Boxer irki erkek kopek
olmast literatiir bilgiyi destekler niteliktedir.
Devecioglu ve Yiicel (2002) spondilozis deformans'in
oncelikli lokalize oldugu bolgeleri, kaudal torakal ve
kaudal Iumbal vertebralar ile lumbo-sakral aralik
olarak belirtmistir. Calismaya konu olan olguda
literatir bilginin disinda tremelerin kranial torakal
bélgelerde yerlesim géstermis olmast nadir gortlen bir
durumdur.  Sunulan bu olguda kemik dremeleri
Ozellikle T3-T4, T4-T5, T5-T6 arasinda gbzlenmistir
ve bu durum On ekstremitelerdeki koordinasyon
bozuklugunu aciklar niteliktedir.

Spondilozis'in  kesin bir tedavisi yoktur. Bu tiir
rahatsizligi  olan  hastalara  bolgesel  infraruj
uygulamalari, fizik tedavi, parenteral analjezikler ve
kortikosteroid ~ uygulamalar1  Onerilebilir. ~ Bu
uygulamalar, hastanin yasamint daha az agri ile idame
ettirmesini saglayabilir. Kaya (2016), b&yle hastalara
kesin istirahat, fizyoterapi gibi konservatif yéntemlere
ck olarak damar ici yolla Procaine enjeksiyonlari,
nonsteroid antiinflamatuvar ilac (NSATT) uygulamalart
ile semptomatik tedaviyi Onermektedir. Literatlr
bilgilerle &rtistr sekilde klinigimize gelen bu hastaya
Sefazolin Sodyum (Equizolin —IM/IV 1000 mg, Tum
Ekip Tlag), 22 mg/kg dozunda TV sabah aksam 5 giin
olacak sekilde kullanilmaya baslandi. Prednol 2 mg/kg
dozunda ilk giin IV iki giin IM yapildi. Giin asir1 B-
kompleks (Norogrizovim IM, Deva Holding) vitamin
destegi saglandi.

Bu olgu sunumunda nadir rastlanan kranial torakal
spondilozis deformans olgusunu klinik hekimligi
yapan meslektaglara aktarmak ve literatiire katks
saglamak amaclanmistir.

Etik Kurul Bilgileri: Bu ¢alisma “Hayvan Deneyleri
Etik Kurullarinin Caligma Usul ve Esaslart Hakkinda
Yénetmelik” 8(k) geregince HADYEK!'in iznine tabi
degildir. Bu makalede sunulan veri, bilgi ve belgeler
akademik ve etik kurallar cercevesinde elde
edilmigtir.”

Cikar Catigmasi: Yazarlar, cikar catismast olmadigin
beyan eder.

Yazar Katki Oranlari: Bu makalenin yaziminda tim
yazarlarin esit oranda katkist vardir.
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CASE REPORT

A Case of Myiasis in a Bitting Wound in a Red Fox (Vulpes vulpes)
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ABSTRACT

In this case report, a female adult red fox (1 uipes vulpes) found exhausted by the villagers in rural area of Eskisehir
constituted the study material. A rare myiasis disease was diagnosed in the Red Fox (I ubpes vulpes) who was
examined in the Surgery Clinic of the Veterinary Health Application and Research Center. Myiasis is a clinically
important condition that can lead to a wide variety of diseases caused by fly larvae. In the case under
consideration, multiple puncture wounds containing skin and subcutaneous connective tissues were detected in
the thoracic region. The exhausted fox was restrained without the need for any anesthetic procedure, and the
wound area was shaved, wound debridement was performed with polyvinyl iode and the larvae were removed
manually with forceps. The treatment was terminated with a favorable prognosis, as the red fox was compliant
with the treatment during the examination and recovery period and no extra systemic and wound complications
were encountered. In conclusion, myiasis, which is rarely formed in the injuries of red foxes encountered in the
wild, and the formation of a rapid recovery process with a routine treatment were discussed in order to inform
our colleagues and readers and increase their experience.

Keywords: Myiasis, Red fox, 1V uipes vulpes, Wound treatment

kkk

Bir Kiz1l Tilkide (Vulpes vulpes) Isirilma Yarasinda Myiazis Olgusu
(e74

Bu olgu sunumunda, Eskisehir’in kirsal bolgesinde kéyliler tarafindan bitkin halde bulunan disi ergin bir kizil tilki
(Vubpes vulpes) calisma materyalini olusturdu. Veteriner Saglik Uygulama ve Arastirma Merkezi Cerrahi kliniginde
muayene edilen Kizil Tilki’de (Vulpes vulpes) nadir gorilen miyazis hastaligt teshis edildi. Miyazis klinik acidan
6nemi olan ve sinek larvalarindan kaynaklanan ¢ok gesitli hastaliga kapi agabilen bir durumdur. Ele alinan olguda
torakal bolgede deri ve derialtt bag dokulari iceren ¢ok sayida punktur yarasi belirlendi. Bitkin disen tilkinin
herhangi bir anestezik isleme gerek kalmadan zapti raptt saglanarak yara bolgesi tiraglandi, polivinil iode ile yara
debridmani gerceklestirildi ve larvalar manuel olarak pens ile uzaklastirldi. Kizil tilkinin muayene ve iyilesme
stresinde tedaviye uyumlu davranmasi ve ekstra sistemik ve yara yeri komplikasyonuna rastlanmamasi ile prognoz
olumlu sekilde tedavi sonlandirildi. Sonug olarak, yaban hayatta karsilagilan kizil tilkilerin yaralanmalarinda nadiren
sekillenen miyazis durumu ve rutin bir tedavi ile hizli bir iyilesme siirecinin sekillenmesi meslektaglarimizin ve
okuyucularin bilgilendirilmesi ve tecriibelerinin artirtlmast amaciyla ele alind1.

Anahtar Kelimeler: Kizil tilki, Miyazis, [“ulpes vulpes, Yara tedavisi
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INTRODUCTION

Well adapted to nature, red foxes occupy a wide
variety of rural and urban habitats. Mostly nocturnal,
these foxes lie down during the day. They give birth
in dens in the spring. The family group consists of a
dominant couple, their offspring, and usually young
individuals born in the previous year. Red foxes are
omnivores; Their natural diet consists mainly of small
mammals, although they also eat birds, invertebrates,
carrion, and fallen fruit. The male (canine) fox weighs
about 5.5 to 9 kg, while the female (vixen) weighs
about 3.5 to 7.5 kg. Trauma from motor vehicle
accidents, bite wounds, or fighting are relatively
common causes of trauma in red foxes. Bite wounds
from pet dogs are a common cause of pup death in
urban areas. Various other ectoparasites have been
reported in foxes, including fleas and ticks; they are
usually of little clinical significance and treatment is
rarely required. Myiasis can be seen in weak animals
(usually young offspring). Removal of fly eggs and
maggots should be accompanied by aggressive
treatment of the underlying disease, but the general
condition of these animals deteriorates due to the
underlying disease and the prognosis is often poor
(Couper and Bexton 2010).

The term myiasis was first proposed by Hope in 1840
and comes from the Greek word myia (uvix),
meaning fly. Myiasis is the infestation of the skin by
the larvae (worms) of various species of flies (order
Diptera; true flies; i.e. adults with two wings) that feed
on the host's live, necrotic/dead tissues, bodily fluids,
or food ingested by them over a period of time (Choi
et al. 2015, de Souza et al. 2010). Schematically,
myiasis is categorized as an infestation of natural
cavities and openings, such as the skin, ears, and
vagina, and mucous membranes. Skin involvement is
the most common type of myiasis. Various factors
such as traumatic injuries, other dermatological
diseases, skin infestations caused by ticks form the
basis of skin myiasis. Skin myiasis is classified as
froncular (sometimes called “hypodermic”), migrans
(migratory) and wound (traumatic) myiasis. In
furuncular and migratory myiasis, the larvae penetrate
the subcutaneous tissue. In wound myiasis, fly larvae
cause infestation in suppurated wounds, chronic
ulcers or necrotic skin (Heukelbach et al. 2005). The
diagnosis of myiasis can be made easily and is based
on clinical findings and identification of the larvae.
The vast majority of myiasis cases are clinically self-
limited. However, especially in myiasis where larval
development takes a long time, the host can be
damaged significantly. Feeding and growth of the
larvae can cause severe inflaimmation and pain.
Treatment is planned according to the type of

myiasis. In myiasis affecting the cavities and orifices
(especially the mouth, nose, and eyes), all larvae must
be surgically removed. Wound myiasis requires
complete debridement. Wound myiasis can be treated
with occlusion, irrigation, manual removal of larvae
and/or larvicides  (Ivermectin). In  occlusion
approaches, by applying petroleum jelly, liquid
paraffin, wax, nail polish or high-viscosity oils placed
on the central punctum, the larvae are prevented
from breathing and move towards the skin surface.
Larvae are removed manually with forceps. Antibiotic
therapy is usually not necessary when adequate
disinfection is achieved (McGraw and Turiansky
2008, Penny 1989, Perez-Banon et al. 2020).

CASE HISTORY

In this case report, a female adult red fox (Vulpes
vulpes) found exhausted by the villagers in rural area
of Eskisehir constituted the study material. The red
fox was brought to Afyon Kocatepe University
Wildlife Rescue Rehabilitation Training Application
and Research Center (AKUREM) in October 2019 by
the officials of the 5th Regional Directorate of Nature
Conservation and National Parks Eskisehir Branch
upon the notice of the villagers. A rare diagnosis of
wound myiasis was made in Vulpes vulpes, which was
referred to the Veterinary Health Application and
Research Center Surgery Clinic from AKUREM for
consultation. In the aforementioned case, multiple
puncture wounds of various sizes containing skin and
subcutaneous connective tissues were detected in the
dorsal region of the thoracic region. Two-way
radiographs of the area were taken in the case with
parapatesis in the hind extremities and the wound
area reminding of a gunshot wound. While no pellets
or fracture were detected in the radiograph, myiasis
was observed in the wound area. In the exhausted
fox, the wound area was shaved by providing restraint
without the need for any anesthetic procedure,
wound debridement was performed with ether
iodoforme and polyvinyl iode, respectively, and the
larvae were removed manually with forceps (Figure
1,2). Wound prophylaxis was provided with topical
antibiotic spray (Neo-caf, MSD, Italy) application for
two weeks instead of systemic antibiotic treatment. In
addition, the general situation was supported by
supplementing with vitamins. The treatment was
terminated with a favorable prognosis, as the red fox
was compliant with the treatment during the
examination and recovery period, did not have any
extra systemic disease and no wound complications
were encountered. After a month of care and
treatment, rabies vaccine was applied and released to
nature (Figure 3,4).
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Figure 1: The restraint of the red fox, the shaving of the wound

Figure 2: A- Fly larvae (star), B- Larvae removed.
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Figure 4: Closed state of the wounds
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DISCUSSION

Trauma from motor vehicle accidents, bite wounds,
or fighting are relatively common causes of trauma in
red foxes. Myiasis has been reported in weak animals
(usually young offspring) (Couper and Bexton 2016).
In this case report, it was determined that the wounds
were caused by bite and wound myiasis was formed.
It has been suggested that the removal of fly eggs and
maggots in baby foxes should be accompanied by
aggressive treatment of the underlying disease, and
the prognosis was stated to be unfavorable (Couper
and Bexton 2010). Since the fox discussed in this case
report is an adult and has no other underlying
etiology, it responded to topical treatment and
recovered completely. This is consistent with the
knowledge that the majority of myiasis cases are
clinically self-limited (Heukelbach et al. 2005).

CONCLUSION

In conclusion, myiasis, which is rarely formed in the
injuries of red foxes encountered in the wild, and the
formation of a rapid recovery process with a routine
treatment wetre discussed in order to inform our
colleagues and readers and increase their experience.

Conflict of Interest: The authors declared that
thereis no conflict of interest.

Ethical Approval: This study is not subject to the
permission of HADYEK in accordance with the
“Regulation on Working Procedures and Principles of
Animal Experiments Ethics Committees” 8 (k). The
data, information and documents presented in this
article were obtained within the framework of
academic and ethical rules.

Note: Presented as a summary at the 17th National
and  3rd  International  Veterinary  Surgery
Congress(2022).

REFERENCES

Choi J, Kim H, Na J, Kim SH, Park C. Cutaneous myiasis
associated with tick infestations in a dog. ] Vet Clin. 2015;
32(5):473-475.

Couper D, Bexton S. Veterinary treatment of fox casualties. In
Pract. 2016; 38(3):130-138.

de Souza CP, Verocai GG, Ramadinha RH. Myiasis caused
by the New World screwworm fly Cochliomyia
hominivorax (Diptera: Calliphoridae) in cats from Brazil:
report of five cases. ] Feline Med Surg. 2010; 12(2):166-
168.

Heukelbach J, Walton SF, Feldmeier H. Ectoparasitic
infestations. Curr Infect Dis Rep. 2005; 7(5):373-380.

McGraw TA, Turiansky GW. Cutaneous myiasis. Journal of the
American Academy of Dermatology. 2008; 58(6):907-926.

Penny DS. Fly strike in a dog. Vet Rec. 1989; 125(1):24-24.

Pérez-Banon C, Rojas C, Vargas M, Mengual X, Rojo S. A
world review of reported myiases caused by flower flies

(Diptera: Syrphidae), including the first case of human

myiasis from Palpada scutellaris
Parasitol Res. 2020; 119(3):815-840.

(Fabricius,

1805).

126



Instruction for Authotrs

Kocatepe Veterinary Journal (KV])has the policy with One Medicine OneHealth. Research article, reviews,
brief communication and case reports, lettersto editor and book reviews are also welcome for consideration
to publisharticles of high scientific and ethical standards.
The journal is published four times a year. The publication of the text andfigures is free of change.
Acceptance of papers for the KVJ is undertaken by Editors. Editorial Board members adjudicate in the case
of conflicting or adverse repotts.
Manuscripts are accepted for consideration on the understanding thatthey are for publication solely in KV]
and that they neither have beenpublished nor are under consideration for publication elsewhere.
Submissionalso implies that all authors have approved the paper for release and are inagreement with its
content. Upon acceptance of the article by the journal, theauthor(s) will be asked to transfer the copyright of
the article to thePublisher.
Each author accepts all ethical responsibility of the article and all authors agree with the content of the study.
After article is checked by Professional Plagiarism Prevention program, article will be sent to authors.
Articles ate checked by iThenticate® program, when plagiarism or self-plagiarism are detected, they will not
be evaluated for publication.
If animals are used in the studies, study should be approved by an Ethical Committee, Name of Ethical
Committee and Approved Number should be mentioned in the Material and Method section. Editor may be
reject directly the article, if animal is exposed to stressful or painful conditions.
Authors accept ethical rules when article is sent for publication. Author(s) should send CopyrightTransfer
Agreement, after acceptance of article.
Each author accepts all ethical responsibility of the article and allauthors agree with the content of the study.
Article should be written using Garamond, font of 11 point, with 1.5 line spacing, margins of the A4
paper should be 2.5 cm from all edges (Word97-2010.doc). Abbreviations should be written in SI.
Research article submittedto Kocatepe Veterinary Journal should be divided into the following
sections:
Title page (Abstract, Key words without authors name and adress), Materials and Methods, Results,
Discussion, Conclusions, References, Tables, Graphics, Figures.
Title page: Papers should be headed with the full title, the initial letters ofname and surnames of the authors,
the name and address of the institution wherethe work is carried out. The telephone number, fax number and
e-mail address ofthe corresponding author should also be provided. The title should be short,specific and
informative.

Abstract Should be no more than 200words, outlining in a single paragraph.

Keywords, 5 keywords that describe the crucial points of the paper should beprovided. Keywords should

be chosen fromTurkey Science Term (www.bilimterimleri.com)
Introduction, an updated literature related to paper and aim(s) of the study shouldbe clearly given in this
section.
Materials and methods, a clear account of materialsused and methods employed should be given and it
should beapplicaple/trepeatable by other researhers.
Results, as concise as possible. Text, tables and figures illustrating the samedata should be limited and
succinctly outline the pertinent outcomes of thestudy.
Discussion: Results of the study should be discussed with directly relevantreferences. This section may also
be divided into subsections.
Conclusions: This section should state clearly the main conclusions of theresearch. Results should not be
repeated.
Acknowledgements, it is adviced to acknowledge persons or institutions directly orindirectly involved in the
study.

References

References in the text should be made as follows: Kara (2012) desctibed. / . was reported (Zembheri 2015,
Eryavuz and Yeni, Eryavuz et al. 2015). List of references should be given alphabetically in the reference
list. Different publications having the same author(s) of same year should be writtenas 2011a, 2011b. Web
address should be referenced as anonim for example Anonim 2015. Only official web pages should be used.
Author name(s) and date sould be written bold. The reference list at the end of the paper should be written
asbelow.



Journal:

Ince S, Kucukkurt I, Cigerci IH, Fidan AF, Eryavuz A. The effects of dietary boric acid and borax
supplementation on lipid peroxidation, antioxidant activity, and DNA damage in rats. ] Trace Elem Med Biol.
2010; 24(3):161-164.

Book section:

Juneja R, Koide SS.Molecular Biology of Reproduction, In: Reproduction in Farm Animals, Ed; HafezB,
Hafez ESE, 7% Ed., LippincottWilliams and Wilkins, Philadelphia, USA. 2000; pp. 354-361.

Web page:

Anonymous. http://www.tuik.gov.tr/VeriBilgi.do?tb_id=46&ust_id=13;Accessien date: 02.01.2012.

Thesis:

Yeni D. Some andrological parameters and biochemical properties in relation toseason in rams. PhD thesis,
Atyon Kocatepe University Health Science Institute, Afyonkarahisar,2010.

Tables: Tables should be presented in a separate page atthe end of manuscript.

Graphics: Figures should be presented in a separate page atthe end of manuscript.

Figures : Figures should be presented in a separate page atthe end of manuscript. Figures should be 80 or
160 mm, minimum 300 dpi.

Titles of tables, graphics and figures should be both Turkish and English.

Brief Communications: Briefcommunications should be consise but complete description of a
limitedivestigation, which will not be included in a later publication. They shouldnot exceed 1600 words.
They should bear no more than two tables or figures. ANABSTRACT should be given but no other sections.
Typesctipts should be clearlymarked Brief Communication.

Review Articles: Review articles related to allmedical topics are welcome for publication. They should give
an update onrecent advances in a particular field and be targeted at research veterinariansor clinicians who are
not necessarily working in the same field. The lengthshould not exceed 4500 words. It should have a precise
abstract. Author ofreview should have at least two citations. For each issue maximum 2 reviews arepublished.

Case Reports: Reports of SINGLE or small numbers of cases willbe considered for publication in KVJ if
the case(s) are patticularlyunusual/rare or the report contributes materially to the literature. A casereport
should not exceed 1500 words and must comprise a Summary (maximum 150words), Introduction, Case
History and Discussion. The report should accomplishone of the followings:

J To be a substantially novel presentation

. To be a technique or treatment that wouldsubstantially alter management and prognosis of the
described condition

U The first clinical report or first case(s) ofdiseases in a particular location where epidemiology is an

important factor
— To exemplify bestpractice in medical science.
Letters to The Editor: Letters describingcase reports or original material may be published in the KV] and
will bepeer-reviewed prior to publication. Letters making critisisms on recentlypublished papers in the KV]J
will also be considered and the correspondingauthors of the original paper will be invited to respond
accordingly.

All articles sent to KV] (Kocatepe Veterinary Journal) ONLINE submition only.

During submition documentswhish are listed below, have to instal to the system;

1. Title Page: Author and institution names

2. Main text: Author and institution names should NOT be.Tables(s), graphic(s) and figure(s) etc. Should
be an the last page of article,olso title of them both in Turkish and English.

3. Article addition: Table(s), graphic(s) andfigure(s) should have been installed to the system separately.

4. Author Approval Form (Cover Letter): All authorsneed to sing it and install to the system. Signatures
should be wet signuturesand send to the Editorial Board of Kocatepe Veterinary Journal.

5. Copyright: All authors need to sing it and install to thesystem. Signatures should be wet signutures and
send to the Editorial Board ofKocatepe Veterinary Journal.


http://www.tuik.gov.tr/VeriBilgi.do?tb_id=46&ust_id=13
http://www.emanuscript.org/
http://kvj.aku.edu.tr/wp-content/uploads/sites/56/2015/11/TITLE-PAGE.doc
http://kvj.aku.edu.tr/wp-content/uploads/sites/56/2015/11/kvj_Yazar_onay_formu.pdf
http://kvj.aku.edu.tr/wp-content/uploads/sites/56/2015/11/kvj_Copyright.pdf

