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Research Article

Morphological aspects of the pancreas in the rat and the rabbit: an investigation
into the location, ducts, arteries and veins

Ayse HALIGUR', Emine KARAKURUM?, Omer Giirkan DILEK?

!Cukurova University, Faculty of Ceyhan Veterinary Medicine, Department of Anatomy, 01960 Ceyhan-Adana/TURKEY
*Mehmet Akif Ersoy University, Faculty of Veterinary Medicine, Department of Anatomy, 15030 Burdur / TURKEY

Key Words: ABSTRACT ] ) )
anatomy The aim of the present study was to determine both the location of the pancreatic duct and the anato-
g;lrcltcsreas mical variation in the pancreatic ducts of rat and rabbit. Following administration of ether anesthesia,
rabbit the abdomens were opened. Catheters were placed in the ileocolic vein, junction of the duodenum
rat . and jejunum, and into the aorta. All arteries, veins and pancreatic ducts were filled with red, blue and
[ white dyed latex, respectively. The rat pancreas was consisted of three lobes, while the rabbit pancreas
was consisted of two lobes. The rat pancreas also involved a diffuse gland situated in the gastrolienal
. ligament and mesoduodenum. It was observed two major ducts which name posterior pancreatic duct,
Anahtar Kelimeler: . . . . . . . .
R— anterior pancreatic ducts. The ducts that were determined in the right side of the biliaropancreatic duct
kanal pankreas open from origin the biliaropancreatic duct were measurements 8.09+2.65 mm right side and left side
ZZWH 7.32+3.61 mm. The rabbit pancreas included a diffuse gland situated among the liver, stomach and du-
T odenum. In the rabbit, the duct of the pancreas (pancreatic duct) entered the duodenum 51.52+3.23cm
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distal to the pylorus. Bunting & Jones (19) reported that the pancreatic duct opened to the duodenum
and 25-27cm away from (distal part) the pylorus in rabbit, the present authors found the pancreatic
duct opened to the duodenum and measured 46.33-57.17cm in our study.

Tavsan ve rat pankreas’inin morfolojik gériiniimii: Lokalizasyonu, kanallari, arterleri
ve venleri tizerine bir aragtirma

oz

Bu ¢alismanin amaci rat ve tavsanlarda ductus pancreaticus’un yerlesimini ve bu tiirlerde ductus panc-
reaticus’un anatomik varyasyonlarint belirlemektir. Eter anestezi uygulamast sonrast cavum abdominis
acildi. Kateter, vena iliecolica, duodenum ile jejenumun birlesim noktasina ve aorta’ya yetlestirildi. Ttim
arter, ven ve pancreas kanallati sirastyla kirmizi mavi ve beyaz boyali lateks ile dolduruldu. Rat pankreast

A. HALIGTUR: 0000-0002-3668-4286 U, tavsan pankreast ise iki lobdan olusmaktaydi. Rat pankreast ligamentum gastrolienal ve mesoduo-

E. KARAKURUM: 0000-0003-3324-3271  denum arasinda yaygin bir bez olarak gérildi. Ductus pancreaticus anterior ve posterior olmak tizere

O IPRERS LTI =Bas iki kanal oldugu gézlendi. Bu kanallarin baslangicindan itibaren sag tarafta 8.09+2.65 mm sonra, sol
tarafta da 7.324+3.61 mm sonra ductus biliopancreaticus’a acildigt saptandt. Tavsan pankreast karaciger,
mide ve duodenum arasinda yaygin bir bez olarak gorillmekteydi. Tavsanda ductus pancreaticus, distal
pylorus’ten 51.52+3.23 cm uzaklikta duodenum’a agilir. Bunting & Jones (19) tarafindan ductus panc-
reaticus’un tavsanda pylorus’un baslangicindan 25-27 cm sonra duodenum’a agildigr bildirilmistir. Bu
calismada ise ductus pancreaticus’un acilis deliginin pylorus’a uzakligt 46.33-57.17cm olarak 6l¢tldi.

INTRODUCTION pancreatic juice (5), experimental acute pancreatitis (6), cannula
practices, ligation of the common biliary duct or pancreatic
duct (7), and placement of the ligation (8). The surrounding
structure of the pancreas is well documented in several
textbooks and studies, however there is a lack of topographic
anatomy (9). In particular, the variation in localization of the
pancreatic duct in rabbits is not known. Surgical, anatomical,
physiological or other experimental studies are required to
provide detailed anatomy of the pancreas and its variations.
Therefore, the main goal of the present study was to provide
the localization of the pancreas, pancreatic ducts, arterial
and venous “road map”in both the rat and rabbit, which was
Obtaining information on the exact location of the vessels,  critical for surgical guidance.
nerves and ducts of the pancreas are crucial for the collection of MATERIALS and METHODS

Rats and rabbits are extremely popular animals for
experimental and surgical studies. As those aforementioned
species are inexpensive, they are widely used as animal models
for many investigations (1). The majority of studies performed
to develop techniques of pancreas resection, to study exocrine
and endocrine structures, to perform various pancreatectomy
techniques and to carry out experimental studies, have used rat
and rabbit models (2, 3, 4). Therefore, studies on the anatomy
or topographic anatomy of the pancreas in the rat and the
rabbit can provide valuable knowledge.

Bu makaleye atifta bulunmak icin/ To cite this article:
Haligiir A, Karakurum E, Dilek OG. Morphological aspects of the pancreas in the rat and the rabbit: an investigation into the location, ducts, arteries and veins
. MAE Vet Fak Derg, 2018; 3 (2) :96-101.



Morphological aspects of the pancreas...

In the present study, 20 rats (10 female, 10 male) (Wistar
albino) and 20 rabbits (10 female, 10 male) (New Zealand)
were enrolled. All animals were adult and healthy. The rabbits
were 2-2.5 years old and weighed 3120-3700 g. The rats were
3-5 months old and weighed 246-252¢g. The guidelines of the
Committee for Experiments on Laboratory Animals were
followed. The study was fully approved by the University
Ethics Commission of the Mehmet Akif Ersoy University
in Burdur. The abdomens of rats and rabbits were opened
following ether anesthesia and after placed dorsally.

The first catheter (24 G) was placed into the ileocecocolic
vein, as it is nearly impossible to find this vein after cleaning
the vessels. The second catheter (18 G) was placed in the
junction of the duodenum and jejunum. Before latex dye
was given, the oesophagus and jejunum were ligated in
order to obstruct slow backflow and a third catheter (24 G)
was placed into the aorta after cutting the apex of heart. All
vessels were cleaned with 0.9% NaCl. After those applications,
all arteries, veins and pancreatic ducts (PD) were filled with
red, blue and white dyed latex. Finally, all specimens were
fixed in 10% formaldehyde solution. The appearance of the
small branches and ducts, embedded in adipose tissue, were
supplied by transparence medium. For transparency, 1% KOH
was applied to the pancreas and surrounding structures at
30°C for 24 h to allow examination of the small branches and
ducts. The rabbit pancreatic duct was measured with a digital

Figure 1 Pancreas in rat. C: Colon, D: Duodenum, L: Liver, BPD:
The biliaropancreatic duct, PPD: The posterior pancreatic duct.

— L

Figure 2 Pancreas in rat, D: Duodenum, L: Liver, APD: The anterior
pancreatic duct, PD: Pancreatic duct, PDD: Pancreatic duct (direct
opening the duodenum), PPD: The posterior pancreatic duct.

compass (Mitutuya, 150mm). Ducts of the rat pancreas were
measured by dissection microscope with micrometric ocular.

Measurements were made only when the diameters of the
ducts exceeded 0.1mm; smaller ducts were only taken into
account, not measured. Mean values and standard deviations
were determined for all morphometric data and the SPSS 10.0
PC program was used for statistical analyses.

RESULT and DISCUSSION

In the rat, the pancreas lied in the upper portion of the
abdominal cavity on the right, near the stomach, spleen, pars

Figure 3 View of the pancreas in the rat following removal of the
stomach, AP: The branch of cranial pancreaticoduodenal artery,
APD: The anterior pancreatic duct, BPD: The biliaropancreatic
duct, HA: The branch of hepatic artery, PD: Pancreatic duct, PPD:
The posterior pancreatic duct.

descendens duodeni and colon transversum. The pancreas
consisted of three lobes, namely; gastric, splenic and duodenal
lobes. These lobes were localized within the peritoneal cavity.
The right lobe (duodenal) of the pancreas was situated in the
mesoduodenal region of the duodenal lobe. The left lobe
(splenic lobe) laid between the stomach and transverse colon.
The gastric lobe was situated between the stomach and liver.

Figure 4 View of the pancreatic duct and vessels in the rabbit, AVP:
The caudal pancreaticoduodenal artery and vein, D: Duodenum,
PD: The pancreatic duct.

There were two major ducts which name posterior pancreatic
duct (Figure 1, PPD), anterior pancreatic ducts (APD) in all
specimens; however a varying number of small ducts were
observed. The ducts (Fig. 2, 3/ PD) drained each pancreatic
lobe and opened into the bile duct. Therefore, the bile duct
was referred as a biliaropancreatic duct (BPD).

MAE Vet Fak Derg, 3 (2): 96-101, 2018

S ~



Haligiir, Karakurum, Dilek

Figure 5 View of the pancreatic duct and vessels in the rabbit, A: Anastomose of caudal and cranial pancreaticoduodenal artery, AVC: The
cranial pancreaticoduodenal artery and vein, AVP: The caudal pancreaticoduodenal artery and vein, V: Portal vein.

The ducts of the pancreas were localized on both the
right and left sides of the biliaropancreatic duct, entered the
biliaropancreatic duct or independently opened into the pars
descendens duodeni in the rat. The pancreatic ducts were
localized on the left side in 17% (20 rats) and on the right side
in 13.5% (20 rats). The posterior pancreatic duct was generally
localized on the right side and the anterior pancreatic duct
was on the left side of the biliaropancreatic duct. The small
duodenal ducts drained directly into the duodenum (Fig. 2/

PDD). Only 5 specimens opened directly into the duodenum.
Statistical means of the duct numbers were 1.35+0.49 and
1.70£0.66 on the right and left, respectively. The mean standard
deviation of the distance between the pylorus and duodenal
papilla was 19.15+3.17mm, and the diameters of the ducts

were 0.47+0.16mm on the right and 0.58+0.11mm on the left.
There were varying duct sizes and locations that opened to
the biliaropancreatic. However, two of those were very large
and were designated as the posterior and anterior pancreatic
ducts. The posterior pancreatic duct drained from the gastric
lobe and the anterior pancreatic duct drained from the splenic
lobe. The anterior pancreatic duct was 16.49+0.92mm away
from the papilla duodeni. It was positioned on the left side
(62.01%), right side (15.12%) and dorsal part (32.29%) of

4 SRS
Figure 6 View of the pancreatic duct and vessels in the rabbit, AVC: The cranial pancreaticoduodenal artery and vein, AVP: The caudal
pancreaticoduodenal artery and vein, D: Duodenum, J: Jejunum, PD: The pancreatic duct, V: Portal vein, *¥*: The pancreatic duct

the biliaropancreatic duct. The posterior pancreatic duct was
7.74+0.16mm away from papilla duodeni. It was generally on
the right side (73.02%) of the biliaropancreatic duct. Duct
lengths between the origins of the duodenal papilla were
8.0942.65mm on the right and 7.32+3.61mm on the left.

MAE Vet Fak Derg, 3 (2): 96-101, 2018
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Morphological aspects of the pancreas...

The arterial blood supply of the rat pancreas was mainly
provided by two different sources: the branches of the
celiac artery and the cranial mesenteric artery. The pancreas
received blood mainly from the celiac artery via the hepatic
artery, splenic artery and left gastric artery. The hepatic artery
was explored to originate from the pancreatic branches
and that all branches (Fig. 3/HA), except for the ramus
hepaticus, supplied the pancreatic and duodenal lobes. The
cranial pancreaticoduodenal artery was detected nearly
parallel to the biliaropancreatic duct (Fig. 3/AP, BPD). The
cranial pancreaticoduodenal artery vascularized the final
part of the duodenum, and anastomosed with the caudal
pancreaticoduodenal artery which originated from the cranial
mesenteric artery. The present anastomosis occurred with
the cranial branch of the cranial pancreaticoduodenal artery.
The latter artery separated into the pars descendens and pars
transversa duodeni and supplied a branch to the pancreas,
namely the pancreatic branch. The splenic artery divided into
two major branches. One branch supplied blood to the spleen.
Its course was along the ventral edge of the spleen, and at this
point, it gave rise to a very small branch to the splenic lobe.
After its origin, the splenic artery divided into two branches.
One of these supplied the spleen while the other extended
to the greater curvature of the stomach. The branch that
supplied the spleen attached to the ventral border the spleen
and was observed to split into small branches that attached
to the splenic lobe of the pancreas. The others branches of
the splenic artery were observed to give off small branches to
both the stomach and the gastric lobe of the pancreas. The
gastric lobe of the pancreas also received small branches from
the origin of the left gastric artery. Venous drainage of the rat
pancreas was in parallel with that of the arteries. The hepatic,
left gastric, splenic and cranial mesenteric veins all drained to
the pancreas. The caudal and cranial pancreaticoduodenal veins
discharge the caudal mesenteric vein. The caudal mesenteric
vein emptied into the cranial mesenteric vein (18 animals), or
the splenic vein (2 animals). All of these veins opened to the
portal vein.

The pancreas belonging to the rabbit was appropriately
similar to a gland. It was pinkish-gray in color and was
localized between the stomach, liver and duodenum, and to
those consisted of two lobe glands (right and left lobe); the
left lobe was localized to ligamentum gastrolienale, between
the stomach and colon transversum,; the right lobe was in the
mesoduodenum. The pancreatic duct entered the duodenum
at its distal part (pars ascendens duodeni) (Fig. 4/PD), and was
completely separate from the bile duct. It was consisted by the
union of two canals that arose from the right and left lobes.
The pancreatic duct opened 46.33-57.17cm from the origin
of the pylorus. Statistical mean of duct opened lengths was
51.52+3.23cm. The mean diameter of the ducts in the rabbit
was 2.20+0.48mm.

The blood supply of the rabbit pancreas was provided by the
cranial pancreaticoduodenal artery (Figs. 5, 6/ AVC), which was
separate from the hepatic artery. This artery gave off a small
branch to the pars ascendens duodeni and continued to supply
other pancreas structures. It anastomosed with a branch of the
cranial mesenteric artery (caudal pancreaticoduodenal artery)

(Figs. 4, 5, 6/AVP). The caudal pancreaticoduodenal artery
which divided into a branch of the cranial mesenteric artery,
gave off two branches. The first branch of this anastomosed
(Fig. 5/A) with the cranial pancreaticoduodenal artery. The
second branch went to the duodenal curve under the colon and
was almost parallel to the pancreatic duct. The course of this
branch gave off small pancreatic branches to the pancreas. The
rightlobe of pancreas had a small branch of the gastroduodenal
artery, which was a branch of the hepatic artery. The left lobe
of the pancreas, small branches distributed throughout the
splenic artery was giving the course. The veins of the rabbit
accompanied the arteries, with the main branches being the
splenic vein, cranial pancreaticoduodenal vein, and the caudal
pancreaticoduodenal vein (Figs. 4-6/AVC, AVP). Small veins
of the pancreas (pancreatic veins) were parallel to the artery of
the pancreas. The cranial pancreaticoduodenal vein opened into
the gastroduodenal vein and the caudal pancreaticoduodenal
vein opened into the superior mesenteric vein. The duodenal
lobe of the pancreas drained into the left gastric vein. The left
gastric vein ran parallel to the homonymous the artery. All of
these veins opened into common to the portal vein.

Literature (10) reported that the rat pancreas lay in the
omentum, and between the stomach, spleen and duodenum.
The findings of the present study were similar to the literature
(10, 11) as the pancreas was seen to localize at the upper
stomach and spleen, and between the pars descendens duodeni
and colon transversum. It was laid in the bursa omentalis of
omentum majus.

The rat pancreas has three anatomical lobes- gastric, splenic
and duodenal, as shown within the literature (4). Literature (9)
also reported three lobes, but named them as biliary, duodenal
and gastrosplenic lobes. The rat pancreas lobes in the present
study were located similarly to previously reported (4), as
gastric, splenic and duodenal lobes. As shown in photograph
relevant literature (12), pancreas lobes were related to the
spleen, stomach and duodenum in this study.

The rat biliaropancreatic ductus was reported to have a very
long course and opening to the pars descendens duodeni. It
opened approximately 10-22mm after the pylorus was situated
next to the pancreas structure (1). Literature (9) reported a
length of 28.364+0.53mm. In the present study, it was measured
at 19.1543.17mm in the rat.

Literature (13, 14) stated that the pancreatic ducts open
to the bile duct and form the biliaropancreatic duct. Kara (9)
declared that some of the pancreatic ducts opened directly into
the duodenum. All of these ducts in the rat findings reported
in the literature (1, 15, 16) were similar to our study.

Kara (9) stated that the anterior pancreatic duct is
17.96+0.75mm away from (distal part) the papilla duodeni.
This duct originated from the biliaropancreatic duct on the left
(55.55%), dorsal (25.93%) and right (18.52%). In this study,
the anterior pancreatic duct was easily seen in the rat pancreas.
It was localized on the dorsal part (32.29%), left side (62.01%)
or right side (15.12%) of the biliaropancreatic duct and
16.4940.92mm away from the papilla duodeni. It was generally
localized on the right side (73.02%) of the biliaropancreatic
duct and 7.74+0.16mm away from (distal part) the papilla

MAE Vet Fak Derg, 3 (2): 96-101, 2018



duodeni.

The vascular supply of the rat pancreas is supplied generally
by the hepatic, splenic and gastric arteries, branching from
the celiac artery (12). Martins & Neuhaus (1) state that the
pancreatic branch of the hepatic artery had separate branch
for the pancreas. This study significantly differs from classical
information as the present authors found that the pancreatic
branches originated from the hepatic artery with exception of
the ramus hepaticus. These branches supplied to the pancreas.
Beyond these findings, thin branches of the splenic artery
distributed into the pancreas.

A study of Van cat showed that the portal vein formed
to the caudal and cranial pancreaticoduodenal vein (right
lobe drain), and open into the caudal mesenteric vein. The
findings from the present study were similar to those reported
previously (17). The caudal mesenteric vein emptied into the
cranial mesenteric vein (18 animals), or into the splenic vein
(2 animals).

Dursun et al. (18) reported that the gastroduodenal vein
formed with the cranial pancreaticoduodenal vein, which was
divided into the corpus and right pancreatic lobes (5). In the
present study, the cranial pancreaticoduodenal vein was seen
to divide to the right side of the duodenal and gastric lobes in
the rat pancreas.

The pancreas in the rabbit was a pinkish-gray colored,
diffuse, and two-lobed gland with a right and left lobe. It was
located very closely the stomach, liver and duodenum. The
right lobe of the pancreas was close to the mesoduodenum,
while the leftlobe was between the stomach and pars transversa
duodeni. The pancreas had one duct in the rabbit that opened
to the pars ascendens duodeni. This finding was in accordance
with literature (1, 16, 12).

In contrast to the report of Bunting & Jones (19) that found
that the pancreatic duct opened to the duodenum and 25-
27cm away from (distal part) the pylorus in rabbit, we found
the pancreatic duct to be very long, measuring 46.33-57.17cm
in our study.

The arteries of the pancreas in the rabbit included the celiac
artery that came off the hepatic artery and the splenic artery.
The caudal pancreaticoduodenal artery originated to the
cranial mesenteric artery. In the present study, similar findings
were observed according to the literature (16, 20, 21). The left
gastric artery branched off (rami pancreatici) to supply the
pancreas.

The origins and courses of the veins in the rabbit pancreas
were parallel to the arterial system and similar to literature (16).
In contrast to this literature, we found that branch of the left
gastric vein entering the pancreas in our study.

In conclusion, this study reported some significant results.
First of all, this study revealed that the hepatic branch (ramus
hepaticus) which was separated from hepatic artery was not
given ramification to pancreas in the rat. Additionally, the
present authors discovered that the rabbit pancreatic duct
opened far away from the pylorus, in contrast to what was
previously published. Furthermore, we found that the venous
drainage of the duodenal lobe in the rabbit pancreas was by
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the left gastric vein. In this study, the rat pancreas had two
main ducts in addition to multiple small ducts opening into the
biliaropancreatic duct. In the rabbit pancreas, there was only
one duct and this opened directly into the duodenum. The
variations of the ducts should be taken into account during
experimental studies, when researchers working on with the
pancreatic duct in the rat and rabbit.
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pilmustir. Daha sonra sttlerin total antioksidan kapasitesi (TAC) 6lctimleri i¢in plazmalari elde edilmis
ve ticari kit kullanilarak spektrofotometrik yontem ile stt plazmasinda TAC 6lctimleri yapilmustir. Kuru
madde, laktik asit ve yag miktari en yitksek olan sitiin koyun siitii (p<0.05) oldugu, dansitesi en disiik
olan siitin ise inek sttll oldugu gorilmistir (p<0.05). En dustk TAC degeri ise koyun sttiinde tespit
edilmistir (p<<0.05). Yapilan ¢alismada, siitlerin TAC degerlerinin, hayvan tlirtine ve siitiin icerdigi laktik
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ABSTRACT

*Bu calisma 28-30 Nisan 2015 tarihinde istanbulda AANtioxidants reduce the negative effects of free radicals that formed in normal physiological condi-
gerceklesen 17, Uluslararas Veteriner Hekimligi tions and causes lipid peroxidation, protein and DNA damage, death of the cells and cause of some
Ogrencileri Bilimsel Aragtirma Kongresinde sézlii diseases. Therefore, a balance should be crucial between oxidants and antioxidants for quality and he-
bildiri olarak sunulmustur. althy life. In this case, nutritional antioxidants are very important. Milk is very important for balanced
nutrition. The aim of the current research is to evaluate the comparison the total antioxidant capacity
(TAC) of milk from different animal species. In this study, three different milk samples obtained from
different animal species including goats, cows and sheeps were collected from 10 different animals for
each species. Determination of acidity, fat, dry matter and density measurement was performed s. Sub-
sequently plasma was gained from milk samples for TAC measurement of milk. TAC of the samples
was measured by using commercially available kits with spectrophotometric technique. While sheep’s
milk has the most lipid, dry matter, lactic acid contents, cow’s milk has the lowest density (p<0.05). On
the other hand sheep’s milk has the lowest TAC. TAC of the milk is changable with animal species and
lactic acid, fat,dry matter inside the milk.

*Bu calisma TUBITAK tarafindan 1919B11400791
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nolu arastirma  projesi kapsaminda

desteklenmistir.

GIRIS
Antioksidanlar, serbest radikalleri redikleyerek bu
radikallerin hiicrelere zarar vermelerini 6nleyen yapilardir (1).

Distik molekiler agirliklt maddeler olan antioksidanlar, serbest
radikallerin zararli etkilerini ortadan kaldirirlar. Glutatyon,

onlemekte ve hastaliklarin olusumuna engel olmaktadir (4). En
o6nemli kaynagi meyve ve sebzeler olan bitkisel antioksidanlar
anormal hicre ¢ogalmalarini engelleyen ve oksidasyondan
dolayt zarar goren hiicreleri koruyan bir gbrev ustlenirler

©)-

tbiquinol ve trik asit gibi bazi antioksidanlar viicuttaki normal
metabolizma strasinda tretilmektedir (2). Vicutta serbest
radikalleri temizleyen birka¢ enzim sistemi olmasina ragmen,
temel vitamin antioksidanlar1 E, C vitamini ve B-karoten’dir.
Vicut bu vitaminleri iretemez, bu yiizden besinletle alinmalari
gerekir (3). Dogal ve dengeli beslenme sonucunda aldigimiz
antioksidanlar serbest radikallerin neden oldugu oksidasyonlart

Bu makaleye atifta bulunmak icin/ To cite this article:

Meyve ve sebzelerin yanisira dengeli beslenmede 6nemli
bir yere sahip olan siit ve siit drlinlerinde de antioksidanlar
mevcuttur. Sut bircok temel besin elementleri ile birlikte
antioksidan etkileri olan cogu bileseni de yapisinda bulunduran
bir gida maddesidir. Sttin icerisinde bulunan kazein, peynir
altt suyu proteinleri ile A, E ve C vitaminleri, karotenoidler
ve enzimler gibi bircok stit bilesenin antioksidan 6zellikleri
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bulunmaktadir. Sttte bulunan bazt enzimler de antioksidan
aktivitenin strdirtlmesinde 6énemli rol oynamaktadir. Siitteki
antioksidan etkiye sahip enzimler, slperoksit dismutaz
(SOD), katalaz (CAT) ve glutatyon peroksidaz (GSH-Px)’dir.
Sit ve drinlerinin  diizenli tiketilmesinin organizmanin
oksidatif hasardan korunmasina ve genel saglik durumunun
iyilesmesine katk: saglayacagi bildirilmistir (0).

Sitln iceriginde bulunan bilesenler titlere gére farklilik
gbstermektedir. Farklt tlrlere ait sttlerin icerdigi mineral
madde, vitamin ve protein oranlarinin farklilik g6sterdigi
bildirilmistir (7,8 ) (Tablo 1).

ve 1 ml amil alkol ilave edildi. Biitirometre tipasi kapatildiktan
sonra alt st edilerek icerigin tamamen karismasi saglandi.
Bu islemin ardindan 1200 rpm’de 5 dakika santriftyj edildi.
Bitirometre skalasinda yag kolonunun alt ucu 0 noktasina
getirildikten sonra yiizde yag miktarlart okundu.

Kuru madde tayini. Kuru madde tayini ise gravimetrik metotla
gerceklestirildi. 7-8 cm capinda 1-2 cm yuksekliginde, celik
ve camdan yapilmis kuru madde kaplar1 100°C etiivde 1 saat
tutulduktan sonra desikatérde 30 dakika sogutulup icine kare
seklinde kurutma kagitlar yerlestirilerek tartildi ve okunan
degere T1 denildi. T¢ine yaklastk 5 ml kadar siit numunesi

Tablo 1 Farkli hayvan tirlerine ait siitlerin icerdigi bazt besin degerleri (7,8).

Table 1 Some nutritional values of milk of different animal species.

Igerik Inek Kegi Koyun
Vitamin Al (IU)/1 1560.0 2074.0 1460.0
Vitamin D (IU/1) 40 23.7

Tiamin (B1) (mg/1) 0.44 0.40 0.6900
Riboflavin (B2) (mg/1) 1.75 1.84 3.8200
Nikotinik Asit (mg/1) 0.94 1.87 4.2700
Vitamin B12 (mg/1) 0.0043 0.0006 0.0064
Askorbik Asit (Vit. C) (mg/]) 21.1 15.0 43.0
Protein (g/ml) 3.50 3.52 5.23
Laktoz (g/ml) 4.90 427 4.81

Yapilan bu calismada, farkli hayvan tlrlerinden (inek,
keci, koyun) elde edilen sitlerin TAC’larinin  belirlenmesi
amaclanmistir. Ayrica st numunelerinde asitlik, yag, kuru
madde tayini ve dansite Ol¢Umleri yapiarak tlrler arasi
karsilastirmalart yapilmistir.

GEREC ve YONTEM

Orneklerin toplanmasi. Koyun ve kegi siitii numuneleri Isparta/
Sarkikaraaga¢ bolgesinden laktasyon baslangicinda temin
edilirken; inek sttii numuneleri, Selcuk Universitesi Veteriner
Fakiltesi Arastirma Ciftligi'nden subat ayinda, laktasyon
dénemindeki hayvanlardan elde edildi. Her bir tiir icin 10 adet
hayvandan alinan siit numuneleri laboratuvara getirilerek TAC
Slgimi icin ependorf tiplerine 2’ser ml konuldu. Kalan sit
numunelerinde ise kuru madde, yag, asitlik tayini ile dansite
Slgtimleri yapildi.

Doansite dlgiimii. Dansite 6l¢imi icin stit numuneleri, 100 ml
hacimli meziitlere konularak laktodansitometre ile (15°C ye
ayarlr) dansiteleri 6l¢tldi.

Asitlik dleiindi. Stit numunelerinden 10 ml erlenmayerlere
konularak laktik asit cinsinden asitlik oranlari Slculdu.
Numunelere 1’er ml fenolftalein indikatérti  eklenerek,
normalitesi belli NaOH c¢o6zeltisinin ml cinsinden miktart
belirlendi ve 0.009 degeriyle ¢arpilarak asitlik degerleri bulundu.

Yag tayini. Yag tayini icin Gerber metodu kullanildr (9).
Metot siitiin yag disindaki unsurlarinin silfirik asit yardimiyla
parcalanmasint saglayarak, aciga c¢ikan yagin amil alkol ile
berraklasmast ve ylizde miktarinin okunmasi ilkesine dayanur.
Bitirometrelere 10’ar ml siilfirik asit, tizerine de 40°C’ ye kadar
wsittlip karistirlan 11 ml stit tabaka olusturacak sekilde eklendi

ilave edilip tekrar tartildi ve okunan degere T2 denildi ve
105°C’ ye ayarlanmis etiive konularak yaklasik 3 saat beklendi;
desikatorde sogutulup tartildilar ve okunan degere T3 denildi.
Formil yardimiyla % kuru madde miktart hesaplandi.

% kuru madde=( (T3-T1):(T2-T1))100

TAC olgiini. Ticari kit (Rel Assay, Mega Tip, Gaziantep,
Tirkiye) kullanilarak spektrofotometrik Slg¢im yapildi. TAC
ol¢imii icin ependorflara alinan numuneler 5000 rpm’de 15
dakika santriftj edildi ve boylece siit numunelerinin plazmalari
elde edildi. Stt plazmalart TAC kiti protokoliine gére isleme
tabi tutuldu ve 660 nm ’de absorbans degerleri belirlendi.

Istatistiksel analiz. Arastirma sonuglart ANOVA ve posthoc
test olarak degerlendirildi (SPSS 19.0) (SPSS 19.0). P<0.05
degeri istatistiki agidan 6nemli kabul edildi.

BULGULAR
Asitlik, yag, kuru madde ve dansite

Koyun sttiiniin asitligi ve icerdigi kuru madde miktari,
inek ve keci siitine gére 6nemli 6lciide yiksek bulunurken,
kuru madde icerigi bakimindan en fakir siit inek siitii olarak
tespit edilmistir  (p<<0.05). Bununla beraber koyun siitinin
yag iceriginin, inek ve keci siitine goére daha yitksek oldugu
saptanmustir  (p<<0.05).  Ayrica, koyun ve ke¢i sitlinin
dansitelerinin de inek siitline oranla daha ytksek oldugu tespit

edilmistir (p<0.05) (Tablo 2).
TAC degerleri

Koyun sttiniin TAC degeri diger tirlere gére en dusik
olarak bulunmustur (p<<0.05) (Tablo 3).
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Tablo 2 Sitlerin asitlik, yag, kuru madde ve dansite degetleri.
Table 2 Acidity, fat, dry matter and density values of milk samples.

Ergin Egritag, Sahin, Colakoglu, Telli

Kegi Inek Koyun
Asitlik (Laktik Asit) 0.21£0.01°¢ 0.16£0.00° 0.2410.00*
Yag Tayini (%) 3.84+0.39° 4.45+0.23" 5.574+0.28"
Kuru Madde (%) 14.92+0.81° 12.89£0.26¢ 17.96%0.53
Dansite 1042.66%0;62* 1034.40£0.60° 1041.50%0.95
Tablo 3 Sitlerin total antioksidan kapasiteleri.
Table 3 Total antioxidant capacity of milk samples.
Kegi inek Koyun
TAC ((Umol Trolox eq/L) 1.2240.15° 1.1740.07° 0.59+0.16"
TARTISMA yontinde yararl olacagi distintilmektedir.
Sitin icerdigi yag, kuru madde ve antioksidan miktarlart KAYNAKLAR
hayvanlarin_ beslenme  kogullatina, - mevsime, laktasyon 1.Halliwell B. How to characterize an antioxidant- An

dénemine gore degismektedir. Sitin icerdigi antioksidanlar
arasinda enzimatik olanlar; SOD, CAT, GSH-Px, non-enzimatik
olanlar; laktoferrin, vitamin C, vitamin E ve karotenoidlerdit.
Bu maddelerin siitteki orani hayvanlara uygulanan rasyondan,
sutin saklama kosullarindan, mevsimden etkilenebilmektedir
(10). Yapilan bir calismada siitin iceriginde bulunan antioksidan
ozellikli C vitamini seviyesinin mart-agustos ay1 araliginda en
yuksekken en diisiik ekim ayinda oldugu bildirilmistir (11).

Ayrica non-enzimatik antioksidanlardan olan gama-
takoferol ve beta-karotenoidin siitlin sadece kaymaginda
bulundugu belirtilmistir (10).

Yapilan ¢alismalarda koyun ve inek siitindeki TAC degerle-
rinin aynt aralikta oldugu gérilmustiir (12, 13). Baska bir calis-
mada ise kegi siitiiniin TAC degerinin diger hayvan tirlerinden
daha yiiksek oldugu bildirilmistir (14). Bu c¢alismada ise koyun
sttt TAC degerinin inek ve keci siitiine gore en dusiik oldugu
tespit edilmistir. Bagka bir calismada koyun stitiindeki TAC de-
getlerinin, dogumdan sonra alinan 6rneklerde en disiik oldu-
gu ve bu degerlerin zamanla arttugi bildirilmistir (13). Mevcut
calismada ise koyun ve kegi sttt 6rnekleri kuzulama donemi/
laktasyon dénemi baslangicinda, inek siiti ise laktasyon déne-
minde toplanmustir. Orneklerin toplanma zamaninin TAC de-
gerlerini etkiledigi diisiniilmektedir.

Yapilan bagka bir ¢alisma da kuru ot ve samanla beslenen
koyunlarin sttlerinde taze ot verilen koyunlara gére TAC
seviyelerinin azaldig1 tespit edilmistir (15).

Mevcut calismada 6rnekler Subat ayinda toplanmus olup, inek
sit numuneleri, mistr silajt ve kuru ot ile hazirlanan rasyonla
beslenen ineklerden, keci ve koyun stit numuneleri ise merada
otlatilan ve bunun yaninda kuru saman verilen hayvanlardan
elde edilmistir. Orneklerin alindigi mevsimde merada yeterince
yesil ot bulunmazken, koyun ve kegiler postpartum déneminin
baslangicindadirlar. Ttim bu farkliliklarin, siitlerin icerdigi TAC
degerlerine etkilerinin oldugu distinilmektedir.

Sonraki calismalarda, siitin igerdigi TAC degerlerine
beslenme, mevsim, yas ve laktasyon doneminin etkisinin
degerlendirilmesinin, beslenmemizde 6nemli bir yer tutan st
ve urinlerinin antioksidan igeriginin tam olarak aydinlatilmasi
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dog ] 3 Transmissible venereal tumor (TVT) is a sexually transmitted, naturally occurring tumor of the canine
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MMP-2 family and often occurs in tropical and subtropical countries. The matrix metalloproteinases (MMPs)
%,%PJ are endogenous proteases accountable for the degradation of extracellular matrix (ECM) components,
such as collagen and other proteins including the basement membrane. MMPs play a vital role in the
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tumor metastasis and angiogenesis. Both MMP-2 and -7 strongly associated with the invasion and
ﬁ(’?fll:ar Kelimeler: metastasis of different cancer types. This study aims to investigate the MMP-2 and -7 expression in
imlr)nunohistokjrnya naturally occurring TVT in 20 dogs using immunohistochemical methods. Immunohistochemically,
MMP-2 we observed increased MMP-2 and -7 expressions in tumor cells. In addition, a positive correlation
1}@?‘7 was determined between the tumor size and immunoexpressions of the markers indicating that both
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Kopek transmissible venereal tiimérlerinde mmp-2 ve mmp-7 aktivitesinin immuno-
histokimyasal olarak belirlenmesi

oz

Transmissible venereal timor (TVT), ¢iftlesmeyle bulagan, kanidae ailesindeki hayvanlarda dogal olarak
sckillenen, genellikle tropikal ve subtropikal tlkelerde gozlenen bir timordiir. Matriks metalloprotei-
nazlar (MMP)’ler endojen peptidazlar olup, ekstraseliiler matriksin (ECM) kollagen ve bazal membran
gibi diger proteinlerini parcalama Gzelligine sahiptirler. MMP’ler timor metastaz ve angiogenezinde
6nemli rol oynarlar. MMP-2 ve MMP-7 degisik tip kanserlerde invazyon ve metastaz ile iliskili bulun-
muslardir. Bu ¢alismanin amact, MMP-2 ve MMP-7"nin 20 adet kopekte dogal olarak sekillenmis TVT
*Bu Arastirma Burdur Mehmet Akif Ersoy olgusunda immunhistoimyasal olarak ekspresyonlarinin incelenmesidir. Immunohistokimyasal olarak
Universitesi  Bilimsel - Aragtirma  Projeleri "TV'T’yi olusturan tiimér hiicrelerde MMP-2 ve MMP-7 aktivitesinde artis sekillendigi gézlendi. Ayrica
Koordinatorligi  tarafindan 0388-YL-16 tiimgr biiyiikligi ile immunoekspresyonlar arasinda pozitif korelasyon saptandi, bu sonug, MMP-2 ve
proje numarast ile desteklenmistir MMP-7’in TVT patojenezinde 6nemli bir rol oynadigint gosterdi.
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INTRODUCTION

Transmissible Venereal Tumor (TVT) is a contagious
round-cell neoplasm that is transmitted from one dog to
another during mating, Transmission might occur when
abraded skin is exposed to the tumor of an infected animal.
Although TVTs affect both sexes, regardless of breed and
age, females are infected more often than males because
one infected male often mates with numerous females (1,2).
In addition, TVT is most common during the period of the
maximum sexual activity in dogs, and animals are mainly at
the highest risk when females exhibit the oestrus signs (3).
While this neoplasm has spread in dogs worldwide, it is most
frequently reported in tropical and subtropical countries.
Primarily, the tumoral masses grows in the genital organs
(4,5). Typically, initial lesions are small and superficial, pink
to red, which then form hemorrhagic multiple nodular and
larger friable masses (6). Moreover, tumors bleed easily, and
while growing, the masses are ulcerated and contaminated
with bacteria (7). Although TVT is locally invasive and rarely
metastatic, metastasis has been reported in different tissue and

Bu makaleye atifta bulunmak icin/ To cite this article:

organs such as the skin, lymph nodes, tonsils, eyes, brain, nose,
tongue, lips, mammary glands, and thoracic and abdominal
viscera (4,8,9). The definitive diagnosis of TVT is based on
cytological and histopathological findings (10).

The most crucial function of the extracellular matrix
(ECM) is to maintain tissues with their specific mechanical and
biochemical properties (11). The ECM degradation comprises
various proteases, but the major are matrix metalloproteinases
(MMPs) called matrixins (12). The MMP family comprises 23
enzymes that are characterized by their zinc dependence and
neutral endopeptidase activities. Initially, these peptidases were
associated with the cleavage of ECM molecules, especially
collagen (13). The apparent correlation between the MMPs
activity and the cancer development indicates the possibility
of various strategies connected with blocking the activity of
these enzymes. The MMPs play a pivotal role in the normal
development, as well as the pathology of inflaimmatory
diseases and cancer (14,15). Of note, the MMPs are frequently
overexpressed in various human cancer types. Furthermore,
enhanced expressions of the MMPs have been related to an
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aggressive malignant phenotype and adverse prognosis in
patients with cancer (16,17).

MMP-2 (gelatinase A) is an enzyme that is speculated to
play a vital role in the invasion to the basement membrane, and
it belongs to the gelatinases group and digests the denatured
collagens, gelatins (18). Notably, cancerous tissues with a high
expression of active MMP pose a risk of metastasis. Hence,
the activation rate of pro-MMP-2 and active MMP-2 is used
as an indicator of cancer metastasis (19). Conversely, MMP-
7 (Matrilysin, pump-1) is the smallest known member of
the MMP family and is capable of degrading various ECM
proteins and supports the tumorigenesis and progression 7
vitro in the animal model (20). MMP-7 is elevated in numerous
human primary cancer types (21). As only one study is available
about the MMP-2 expression in TVT, the knowledge about
the MMP-7 reaction in TVT is lacking (22).

Hence, this study aims to investigate the expression of
MMP-2 and -7 in TVT of dogs using immunohistochemical
methods.

MATERIAL and METHODS

In this study, we collected TVT samples from the archive of
the Department of Pathology. We selected the paraffin blocks
from 12 female and 8 male dogs with naturally occurring TVT.
Dogs aged between 6 months and 2 years and were of different
breeds. In addition, we collected data and notes about clinical
symptoms, gross lesions, and anamnesis of tumors. Notably,
cthical approval was not required for this study.

For  histopathological and immunohistochemical
examinations, we considered three serial sections from the
paraffin blocks of TVT. We stained one of these sections
with hematoxylin—eosin (H&E) and examined under light
microscope (23).

The remained two sections were immunostained with
MMP-2 [anti-MMP-2 antibody (ab110186, 1:100 dilution)]
and MMP-7 [anti-MMP-7 antibody (ab57006)] (ab10600, 1:100
dilution)] per the manufacturer’s instructions using a routine
streptavidin—biotin peroxidase technique. We used expose
Mouse and Rabbit Specific HRP/DAB Detection THC Kit
(ab80436; Abcam, Cambridge, UK) as the secondary antibody.
Primary antibodies were not applied to the negative controls
for immunohistochemistry. We performed the morphometric
evaluation using the Database Manual Cell Sens Life Science
Imaging Software System (Olympus Corporation, Tokyo,
Japan). In addition, immunoexpressions were evaluated as 0
= negative; 1 = slight; 2 = moderate; and 3 = marked positive
reactions. Furthermore, all dogs were divided into two groups
with tumor size <2.9 cm’ and 23cm’ to evaluate the correlation
between the tumor size and immunoexpressions.

We used the one-way analysis of variance test to determine
significant differences between the groups. In addition, the
expression of markers was compared using the Student’s
+test. Using the Spearman’s rank-difference coefficient of
correlation, we evaluated the immunoexpression of MMP-2
and MMP-9 in the tumor tissue. All statistical analyses were
performed using the SPSS 18.0 program. Furthermore, we
considered P < 0.05 as the level of significance in this study.
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RESULTS

Based on the necropsy data, all dogs aged 6 months to 2
years. Of all dogs in the study cohort, 12 were females and
8 males. We observed no metastasis and recurrence 2 years
postoperatively in any dog;

The size of tumors changed from 1 cm x 1 cm x 1 cm
to 8 cm x 5 cm x 6 ¢cm in diameter (Fig. 1). The tumoral
masses were soft, in various sizes, and usually comprised some
hemorrhagic areas on the upper surface. In addition, necrotic
areas were observed in some large tumors. Tumors originated
in the epithelial layer and subadjacent stroma as one or multiple
nodular proliferative masses in the external genital organs of
both sexes. We observed a positive correlation between the
tumor size and MMP-2 and -7 expression scores.

The microscopic assessment of tumors revealed oval,
rounded/polyhedral, vesicular, and large nucleated cells with
indistinct boundaries and pootly stained or clear cytoplasm.
Typically, the nuclei were large and single, contained well-
defined nucleolus with plenty of chromatin granules. In
some tumors, we noted the enhanced mitotic activity in cells;
necrosis and bleeding were common in the tumoral mass. In
small tumors, especially, vessels were highly hyperemic, and we
frequently noted inflammatory cells from mononuclear series

(Fig. 2).

The microscopic examination of immunohistochemically
stained sections with MMP-2 revealed the increased
expression, especially in large masses. In addition, tumor
cells markedly expressed MMP-2 in their cytoplasm. We
observed homogenous staining both in the cell cytoplasm and
throughout the tumoral mass (Fig. 3). However, no staining
was detected in primary antibody—omitted negative controls.

In this study, tumoral cells revealed the increased MMP-
7 expression in their cytoplasm. Notably, the expression did
not exhibit homogenity throughout the mass. Interestingly,
inflammatory cells markedly expressed MMP-7 in TVT cases
(Fig. 4). We detected no staining in the primary antibody—
omitted negative controls. Furthermore, both MMP-2 and -7
were expressed in TVT cases, whereas MMP-2 staining was
more intense than MMP-7 staining in most cases.

DISCUSSION

Recent years have witnessed an upsurge in the tumor
incidence in animals and humans alike. Thus, studies on the
formation and treatment of tumors are increasing rapidly.
Lately, people have become more inclined to keep pet animals,
such as cats and dogs, in their homes. Hence, the pathogenesis
of animal diseases or tumors is being extensively investigated
at present. This study determined the MMP-2 and -7 activity
of TVT, a common problem in dogs, and investigated the role
of these markers in the pathogenesis of this tumor.

TVT is a contagious, neoplastic, sexually transmitted disease
commonly observed in street dogs living in tropical and
subtropical regions and typically affects the penis and vaginal
mucosa (6). TVT primarily affects young dogs (2-5 years), and
the disease is commonly diagnosed in females than in males.
In this study, TVT cases were found only in the genital organs,
the masses localized in the vagina and vulva of females, and
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Figure 1 The gross appearance of the tumoral mass V(arr

Figure 2 (A) The histopathological appearance of the tumoral mass (arrov}heads) and inflammation around the tumor (arrows). Hematoxylin—
eosin (HE): bar, 100 pm. (B) Higher magnification of the tumor. HE: bar, 50 pm.
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Figure 3 (A) Severe and homogenous MMP-2 expression in tumoral cells (arrows) and tumoral mass. Bar, 100 um. (B) Higher magnification
of the homogeneous expression in tumoral cells cytoplasms (arrows). Bar, 50 um, the streptavidin—biotin peroxidase method.
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Figure 4
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e expression in tumoral cells (white arrows), and inflammatory

cells (black arrows). Bar, 100 um. (B) Higher magnification of another tumoral mass. Bar, 50 pm, the streptavidin—biotin peroxidase method.

Table 1 The statistical analysis results of MMP-2 and MMP-7 immunoexpression scores.

<2,9 cm’ (n=14) >3.0 cm’ (n=6) P
MMP-2 1.1420.66 2.55+0.54 <0.001
MMP-7 0.78+0.69 1.66+0.81 <0.05

*: Values expressed as mean  SD.

the penis and prepuce in males. In addition, the dimensions
of tumors ranged from 1 cm x 1 cm x 1 cm to 8 cm x 5 cm
X 6 cm in diameter. The tumoral masses were soft and usually
exhibited hemorrhagic areas on the surface; especially in large
tumors, necrotic areas were found in the mass. Of note, the
general characteristics of the masses examined in this study
corroborated the literature (6,7,9).

In this study, no metastases or recurrence were observed in
any dog 2 years postoperatively, which could be attributed to
the extragenital localization and early diagnosis because of the

Table 2 Correlations between the tumor size and immunoexpressions
of MMP-2 and MMP-7.

MMP-2 MMP-7
r 0.719%* 0.502%*
p 0.000 0.024

** : Correlation is significant at the 0.01 level (2-tailed)

* : Correlation is significant at the 0.05 level (2-tailed)

localization. In fact, tumors in most cases (14 dogs) were <3
cm’, and the early diagnosis and treatment caused complete
amelioration.

Traditionally, the biological roles of the MMPs have been
related to the degradation of most ECM components. The
ECM degradation by the MMPs removes the physical barriers
for a growing tumor. In invasive cancer cells, for example, actin-
rich protrusions of the plasma membrane can be associated
with the ECM degradation (24). In addition, the MMPs are
associated with cancer cells’ survival and expansion; these are
synthesized by cancer cells and are involved in all steps of the
carcinogenesis (25). Lately, MMP-2 has garnered attention

by its correlation with the tumor invasion and formation
of metastases (20). A recent study reported the presence of
MMP-2 and -9 in the TVT tissue (22). The findings of this
study supported the previous study and demonstrated that
MMP-2 was strongly expressed by TVT cells.

Notably, MMP-7 is the smallest known member of the
MMP family and can degrade various ECM proteins, including
proteoglycans, fibronectin, entactin, laminin, gelatin, and elastin
(20). In particular, MMP-7 exhibits the highest activity against
insoluble elastin and is 11-fold more active than MMP-3 (27).
MMP-7 was initially cloned from some human carcinomas
(28). However, knowledge about the reaction of MMP-7 in
TVT is limited. This study revealed that MMP-7 is expressed
from TVT and inflammatory cells and plays a role in the
pathogenesis of the tumor. Furthermore, inflammatory cells,
which are accountable for maintaining a local inflammatory
response and stromal degradation, might be a crucial source
of MMP-7 in TVT.

This study describes the intense expression of MMP-2 and
MMP-7 in TVT and demonstrates the implication of these
MMPs in the tumor progression and invasion. In addition,
a positive correlation exists between the tumor size and
immunoexpression of markers. Nevertheless, an enhanced
understanding of the molecular mechanisms underlying
the activation of MMP-2 and MMP-7 might lead to a new
therapeutic strategy for TVT.
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ABSTRACT
Prof. Dr. Hans Ganslmayer came Turkey in 1926 and worked as an expert for 2 years at Military Veteri-

rinderpest narian Bacteriology and Serology Institute in Ankara. He sent a mail to President Mustafa Kemal, after
his duty ended and returned back his country. He reported his views on Military and Civil Veterinary
el TRSRactes Medicine in Turkey in his letter. In addition, he presented his views on fighting against cattle plague that

created great distress at that time in Turkey. He also gave information about properties, production of
vaccines, and supplementation from abroad in this fight. Prof. Ganslmayer also reported the current
situation of the Military and Civil Veterinary Organizations with their pluses and minuses and he added
the legislation on veterinary medicine is inadequate and should be changed. Ganslmayer was one of the
foreign scientists came to Young Republic after 1923. Recommendations in his letter matched up with
the succeeded veterinary services in the first 15 years of the Republic.
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Prof. Ganslmayer’den Atatiirk’e Tiirk Veteriner Hekimligi Tegkilat1 ve sigir vebasi

Correspondence miicadelesi hakkinda rapor

SV. GENG '
(svgenc@mehmetakif.edu.tr) o7z
Prof. Dr. Hans Ganslmayer 1926 yilinda Tirkiye’ye gelmis ve iki yil Ankara’da Askeri Veteriner Bak-
teriyoloji ve Seroloji Enstitistiinde uzman olarak ¢aligmustir. Gérevinin sonunda tlkesine dondikten
sonra Cumhurbagskani Mustafa Kemal’e bir mektup géndermistir. Mektupta Tiirkiye’de Askeri ve Sivil
Veteriner Hekimlik Teskilatt hakkinda goériislerini bildirmistir. Ek olarak Tirkiye’de o dénemde buyiik
* This study is the expanded revised version, sikintilar yaratan sigir vebast hastaligs ile miicadele konusunda goriislerini aktarmistir. Bu miicadelede
which was prepared for publication, of the poster kullanilacak astlarin 6zellikleri, Giretimi ve yurt disindan temini hakkinda bilgi vermistir. Prof. Ganslma-
presented with the same name in the 16th Annual yer o donemde Askeri ve Sivil Veteriner Hekimligi Teskilatlarinin durumlarini eksi ve artilartyla aktarir-
Conference and Methodology Seminar “From . . o L. N . e . .. .o

the campaign against rinderpest to consumer K€D, vetetiner hekimligi mevzuatinin yetersizligi ve degistirilmesi gerektigini de sGylemistir. Ganslmayer

protection: The Development of the Public 1923’ten sonra Gen¢ Cumbhuriyete gelen ilk yabanct bilim insanlarindan biridir. Mektubundaki 6neriler

Vererinary Services™ carried outin Germany=Berlin o,y riyetin ilk 15 yilinda yapilan basari ile sonuglanan veteriner hekimligi hizmetleri ile 6rtiismektedir.
on 11-12 November 2011. ;
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INTRODUCTION and Middle European countries, so the disease spread from
Turkey to Bulgaria and Romania in 1913, but defeated rapidly.
“The Office International Epizooties” and “Food and Agriculture
Organization of the United Nations” had been established to

protect the world from catastrophic destruction and epidemics

The outbreak of cattle plague, one of the greatest
catastrophes of pre-industrial society, has caused great
devastation in agricultural production as well as loss of animal
products in history (1). There are descriptive information’s

about cattle plague from ancient Indian inscriptions (2000
BC) to Kahun Papyrus in Ancient Egypt (1900 BC). Vergilius
described the disasters caused by disease in his study Georgica
(2, 3, 4). At the first ages, disease has spread from the east of
China to Aral and Hazar regions and then to Europe by the
Hun attacks. In the next centuries, Asia oriented epidemics
continued spreading (5, 6). Cattle plague epidemics in Europe
in the 18" century has effected the beginning of scientific
veterinary medicine education and primary impulsive factor on
meeting of the first international veterinary medicine congress
in 1863 (7, 8, 9). The disease had appeared in several regions
of Europe in the 19 century and the last biggest epidemic had
seen during France—Prussian War (1870-1871) (10, 11, 12).
Later then, the disease was seen only in the Eastern Europe
and Asia due to preventive actions taken by the Western

Bu makaleye atifta bulunmak icin/ To cite this article:

caused by continuing epidemics in Asia (6, 13).

Rinderpest had become one of the factors opened the way
for scientific enlightenment. The “Spontancons Generation”,
the theory of disease once upon a time, was destroyed. It
also destroyed the monopoly of the church and the clergy
on the treatment of animal diseases and led the replacement
of Hippocratic—Galenic treatments to modern scientific
treatments (6, 11).

Rinderpest had been causing 200 million cattle to die till the
20" century with high morbidity and mortality rates. In the 18"
and 19" centuries, vaccination studies similar to smallpox have
been carried out but couldn’t succeed (14, 11). Finally, in 1893,
a Russian Veterinarian Eugen Semmer took a crucial step in
fighting against this disease by finding the healing properties
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of the immunized sera of surviving cattle, and another vital
step was made by Robert Koch with developing it (2, 9, 15).

Eventually, the virus was discovered in 1902 by Adil Mustafa
Sehzadebasi and Maurice Nicolle at ““I'be Imperial Bacteriological
Laboratory” in Istanbul. Adil Bey and Nicolle defined the
organism as a virus that can pass through the filters (16). This
laboratory was established in 1901 and produced serum against
cattle plague, but this was not enough for the large geography
of Ottoman Empire. In 1914, an Institute was opened in Pen-
dik, Istanbul (2, 17).

There is no significant information about cattle plague cases
except the records of Ali in the Ottoman Empire archives up
to the 19" century. After Proclamation of Tanzimat (Ottoman
Reform—1839), epidemic news started breaking out with
certain intervals. Major animal losses were seen in eastern
provinces during the Ottoman-Russian War (1877-1878).
Some authors described it as “disaster coming with immigrants” (6,
18). European scientists of that period declared that Anatolia
was source of cattle plague and the disease could easily be
spread to Thrace. During the next years, the disease continued
to be seen in Turkey; and caused big damage during the World
War I (WWI) and Turkish War of Independence (6).

After Turkish War of Independence, Republic was
proclaimed under the leadership of Mustafa Kemal and the
new system was established on secular and scientific bases
and this conception was applied on all fields. As a reflection,
national studies on veterinary medicine field were supported
with international cooperation. In this period, the young
Republic’s most important agenda item was fighting against
rinderpest. These efforts have always been a source of pride
for the veterinary medicine, in the history of Turkish veterinary
medicine field (19).

There has no such letter found recently presented directly
to President Atatiirk by a veterinarian other than Ganslmayer’s
Letter in Turkish Veterinary History studies. Aims of this
article are to make a contribute to the history of veterinary
medicine in particular and to the history of science in general,
and as a step towards the studies to be carried out in this
subject.

MATERIALS and METHODS

Prof. Dr. Hans Ganslmayer (Picture 1) from Vienna,
who came to Turkey within the framework of international
cooperation, worked in Ankara in “Askeri Veteriner Bakteri-
yoloji ve Seroloji Enstitlisi” (Picture 2) (Military Institute of
Veterinary Bacteriology and Serology) (20). After completing
his duty, Ganslmayer presented a report/letter to President
Mustafa Kemal Atatiitk about construction of Turkish
Military and Civilian Veterinary Medicine and struggle against
rinderpest (Picture 3-4-5-6)'. The subject letter of the work
was reached from the State Archives of the Prime Ministry
of the Republic of Turkey. Ganslmayer’s youth photo and
short biographical information were obtained with the help of
Prof. Dr. Johann Schaffer from Dr. Christa Mache. It was sent
from the Vienna Veterinary Faculty Archives. The information
in the letter was evaluated with retrospective approach and
with the light of information published before in the field of
'BCA: 030.10./186.282.16

veterinary medicine history.

Picture 1 Prof. Dr. Hans Ganslmayer, While he was a student at the
Vienna (Veterinary faculty Vienna University of Veterinary Medicine
Library Archive Johann Ganslmayer Bildkatalig Nr.I.).

RESULTS

Prof. Dr. Hans Ganslmayer” worked as an expert vetetinarian
between 21.01.1926-01.11.1928 in Ankara and as a Manager
and Scientist at the Military Veterinary Bacteriology and
Serology Institute. Ganslmayer gave his opinion to President
Gazi Mustafa Kemal himself about the Turkish Military and
Civilian Veterinary Medicine Organization and the thoughts
of these Organizations about fighting against cattle plague at
the end of his duty.’

Military Veterinary Organization:

According to Hans Ganslmayer; management structure
of veterinary medicine in Turkish Army was in European
standards except rinderpest struggle. The vaccines produced
in Turkey were insufficient. The production of sufficient
quantities of serum was taking much time. This difficulty was
well known during the war by the leaders of the army. Army
was not prepared enough against cattle plague in emergency
states. Necessary prediction was missing on veterinary
medicine applications in the Army and this caused failure in
the concrete situations. The service was sufficient in normal
situations.*

Prof. Ganslmayer explained these conceptions in a meeting
where Veterinary Medicine Ahmet Pasha® also attended. He

*Ganslmayer was born in 1885. In 1903 he entered the Vienna Veterinary
College and graduated in 1908 (Vienna University of Veterinary Medicine
Library Archive Matrikel Nr: 275).

*BCA: 030.10./186.282.16

‘BCA: 030.10./186.282.16

Veterinary Physician Brigadier General Ahmet Vefik Yazgan was the Head
of Veterinary Department of the Ministry of National Defense between
03.06.1923 — 04.08.1932 (21).
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Picture 2 Prof. Ganslmayer with Military Institute of Veterinary Bacteriology and Serology staff (2)

also reported that the liquid vaccine produced against cattle
plague (serum against cattle plague) was not useful and was
rapidly degrading. He also stated that the powder serum was
not affected from cold and warm and would provide immunity
for ten years, but liquid serum didn’t have these advantages. He
said the measures taken against cattle plague could reach wide
audiences if they could produce huge amounts of dry serum.
He said that if the dry serum was produced in large quantities
and distributed individually to the soldiers, the epidemic
would be prevented reliably. Prof. Ganslmayer’s opinions
were welcomed positively and accepted appropriate as for the
purpose of struggle, but nothing else had been done. At the
same period, he also presented his opinions to the Ministry of
Economics. The Ministry realized the practical importance of
the situation, taken action and started dry serum production.®

The work that the professor had started was very important;
he thought that it would especially be very useful for the army.
That’s why after the first production, he asked the President
for a million doses of rinderpest vaccine to be produced and
he wanted the production of vaccine to be done for the public
after meeting the army’s need.’”

Civilian Veterinary Organization:

According to Prof. Ganslmayer, Civilian Veterinary
Organizations work field was wider and its situation was
harder than Military Veterinary Organization. While Turkish
Economy was stabile before the revolution of 1923, economy
policy of the modern Republic Government was developing
rapidly. The economic policy established by the Ismet Pasha
Government was successful and would be an example to
Europe. In economic life, the Civil Veterinary Service had
important duties. These were to keep animal husbandry at the
highest level and to provide livestock income constantly so

SBCA: 030.10./186.282.16
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that consumers could supply food to country from their own
products. According to Ganslmayer, the civilian veterinary
medicine structure of Turkey was not ready because they
couldn’t catch up with the modern developments. Although
the administrative crew was well developed, the qualifications
of the veterinary medicines in the lower levels were insufficient.
Also there was no hope about veterinary medicine education
in near future at his time.®

For Ganslmayer, the motivation which was necessary for
the management of modern Veterinary Organization was
missing. Veterinarians should have resisted all occasions and
state must have supplied all facilities for eradication even by
force. Authorities must have investigated the economically
basis of problems about animal diseases (e.g. cattle plague) and
livestock farmers in a modern veterinary medicine organization.
Primarily, the positions of lower ranked officers must be
exchanged with veterinarians in order to apply current laws
effectively. According to the professor, this was not enough and
cattle herds must be vaccinated each spring to prevent losses.
For the first stage, the state should have covered vaccination
expenses for accustoming people to vaccination. There was
need for veterinarians and a comprehensive organization to
vaccinate all the animals.’

Hans Ganslmayer suggested cooperation with international
organizations for struggling with disease and referred
International Serum-Union in Wien. This organization
carried out serum and vaccination services in many countries
successfully. He determined that cooperating with this
organization while struggling the disease would give back
its results in a few years, so in short time Turkish veterinary
services would be able to continue the procedure on their
own.'

SBCA: 030.10./186.282.16
BCA: 030.10./186.282.16
"BCA: 030.10./186.282.16

MAE Vet Fak Derg, 3 (2): 111-116, 2018



The report of Prof. Ganslmayer...

Prof. Dr. Hans Ganslmayer
Privatvetesdintibokieriologe und Guesbesitzer, ]
gew Velennarspeziohst ba der murkischen
Regierung In Angora

Pt

Botrifft

Boricht Ubor das turkisehe
Veterinirwesen.

Herrn

Mustapha Gazhi Kemal Pasecha
Pragident der tdrkischen Republik

Der Gefertigte war in der Zeitvom 21. 1. 19268bis 1. 11.1928
als veterinarspezialist bei der tirkischen Regierung in Angora
tatig und swar als wissenschaftlicher Lejter und Professor am
militérveterinidrbakteriologischen und serclogischen Institute
in Etlik bei Angora.

Er erlaubt sich im Folgenden iiber seine Wahrnehmungen auf
dem Gebiete des Veterinarwesens zu berichten:

Sein Urteil uber das turkische Militdrveterinirwesen
lasst sich folgend zusammenfassen: Das Militarveterimarwesen
der tGrkischen Armee steht im allgemeinen durchwegs auf euro-
piischer Héhe; npur in einem Punkte ist es nicht auf der
winschenswerten Héne, das ist in der Frage der Rinderpest-
bekampfung. Es ist eine Tatsache, die niemand wegleugnen kann,
dass im Mobilisierungsfalle die Armee einem Ausbruch der Rinder-

pest gegenilber nicht geristet gegeniberstenht.

Was derzeit in der Tirkei an Rinderpestimpfstoffe erzeust
wird, ist im vergleiche zum Bedarfe sehr gerims und die Her-
stellung neuen Serums so zeitraubend, dass Wochen bis Monate
vergehen, bis die erforderliche Impfstoffmenge zur Verfégung
steht. Was aber dies im Mobilisierungsfalle bedeutet, weiss am
besten der au beurteilen, der die Armee zu fiihren berufen ist.

Hier fenlt demMilitarveterindrwesen die nétige Voraus-
sicht und im konkreten Falle wird es versagen, cbwohl es sonst
sehr gut entwickelt ist.

Die Ansicht des Gefertigten in diesem Gegenstande wurde
ineiner Versammlung won Veteriniroffizieren, bei der auch der
Chef des milit. vet. Dienstes Herr Ahmed Pascha anwesend war,
vorgetragen; erwies daraufhin, dass die Verwendung von flissigen
Rinderpestimpfstoffen(sogenanntes Rinderpestserum)unpraktisch
ist, da diese Impfstoffe dem raschen Verderben verfallen; einzig
allein zwockmassig ist die Verwendung von Trockemserum (pul-
verisiertes Serum), weil dieses weder durch Kalte noch durch
Hitze angegriffen werden kann und weil es 10 Jabre die gleiche
Wirksamkeit zsiEt, wahrend das flissige Serum nach einem Jahre
nient mehr verwendbar ist. Es kann also durch Zubereitung von
grossen Mengen Trockenserum im woitaus grosserem Mass-
stabe Vorbereitung getroffen werden gegen die Rinderpest als
es bisher méglich war. Jaman kann durch Erosse Mengen Trocken-
serums, die bei deneinzelnen Truppen zweckentsprechend verteilt
sind, den Ausbruch der Rinderpest verlasslich verhindern.

Diese Ansicht fand beifallige Aufnahme und warde als
zweckentsprechend anerkannt, dardber hinaus wurde indessen
nichts mehr gemacht.

So stand die Lage im Februar 1928, wo ich nach Absolvie-
Tung meiner zweijairigen Dienstzeit Angora verliess.

Er begab sich damals nooh in das Volkswirtschafts-
ministerium. wo er die gleiche Frage den massgebenden Faktoren

vorlegte. Dieses Ministerium erkannte ebenfalls die grosse
praktische Bedeutung dieser Sache und griff sie auch sefort auf.
Soweit in Erfahrung zu bringen war, hat das Volkswirtschafts-
ministerium die Fabrikation des Trockenserums bersits praktisch
in Angriff genommen.

Nach den bisherigen Leistungen der staatlichen Serum-
fabrikation ist leider su befirchten, dass die Froduktion eine
zu geringe wird; auch ist zu'befurchiem, dass fur militarische
Zwecke nichts Gbrig bleibt.

Es liegt nun dem Gefertigten sehr viel daran, dass die
Sache, die er initiiert hat. nun auch tatsichlich der Armee
zugute :kommt, was er fur ausserordemtlich wichtig halt. Er
erlaubt sich
zu wollen, dass diese Rinderpest-Trockensérumfabrikation im
grossten Stile zur Durchf@nrung gelangt und dass eine Million
Dosen Trocksmasrum der Armee acfort nach der ersten
Fabrikation sur Verfigung gestellt werden. Brst wenn dieser
Armeebedarf gedeckt ist, moge die weitere Fabrikation fur
zivile Zwecks freigegeben werden.

In demMomente, wo die Armee diesks Trockenserumin obiger
Menge erhalt, ist sie im Mobilisierungsfalle gegen die Rinder-
pest geschitzt; da dieses Serum 10 Jahre wirksam bleibt, seo
bedeutet dies einen Schutz fur die Dauer von 10 Jahrem.

daner Herrn Prasidenten zu bittem, verfugen
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Picture 3 Ganslmayer’s Letter Page 1.

Picture 4 Ganslmayer’s Letter Page 2.

genannt wird, steht vor weitaus grésseren Aufgaben als das
VeterinirwesendesMilitars; es ist seine Lage daner avchweitaus
schwieriger. Wahrend das Militérveterinarwesen im Sinne seiner
Traditionen weiterarbeiten kann, muss sich das Zivilveterindr-
wesen mit Rucksicht auf die Unwalzungen in der modernen Tirkei
vollkommen meu orientieren. In der alten Tirkei war die Volks-
wirtschaft charakterisiert durch Leblosigkeit und Unbeweglich-
keit. In der modernem Tirkei macht die Volkswirischaft eine
bedeutende sich stetig steigernde Entwicklung mit, sie ist
charakterisiertdurch pulsierendes Leben und Lebhafte Beweglich-
keit. Es war ein glicklicher Gedanke im letzten, das heisst
im jetzigen Kabinetts Ismet Pascha, das Volkswirtschafts-
ministerium geschaffen zu haben, eine iusserst zweckmissige
Binfuhrung, die vorbildlich fur Buropa wirken wird. Im Rabmen
des volkswirtschaftlichen Lebens kommt der Veterinarpolizei die
Aufgabe zu, durch restlese Tilgung der Tierseushen das Ein-
kommen der Landwirtschaft aus dem Titel der Tierzucht su einem
standigen zu machen, damit die Tierproduktion auf der Hshe zu
erhalten und damit auch far die Approvisionierung des Landes,
als Konsumenten, aus eigenen Produkten Sorge zu tragen.

Wenn wir uns die Frage vorlegen, ob das tirkische Zivil-
veterindrwesen dieser Aufgabe gewachsen ist, dann muss man
antwerten: nein. Warumist diesso? Weilsichdas Zivilveterinar-
wesen den Anforderungen der modernen Entwicklung nicht anpassen
kann. So gut auch die cberen Veterindrbehdrden entwickelt sein
msgen, die Unterbehsrden sind als die wichtigsten fur die Aus-
ubung der Veterinarpolizei zu schwach besetzt und es entsteht,
wie die Frequenz der veteriniren Hochschulem zeigt, keine Aus-
sicht, das unbedingt ndtige Veterindrpersomal in absehbarer
Zeit voll zu erhalten. Es fehli offenbar hier der Geist, der in
einer modernen Veterinarverwaltung vorhanden sein muss, da ist
das Streben, die Tilgung der Tierseuchen unter allen Umstanden
mit eventueller Aufwendung von Gewalt, die auch direkt mit
Riicksichtslosigkeit verbunden sein muss, durchzusetzen und sich
zu diesem Zwecke vom Staate alle erforderlichen Mittel zu ver-
schaffen. Einemoderne Vetarindrverwaltung muss den massgebenden
Kreisen klar machen kénnen, dass bei Fortdauer von Tierseuchen
wie Rinderpest u.s.w. der tierzuchttreibende Bauer und dieser
ist in der Majoritat, wirtschaftlich Zugrunde gehen muss; dieser
Bauer wird bei der nichsten Gelegenheit seine bauerliche Tatig-
keit verlassen und sein Einkommen in der Industrie (Fabriken),
aie in der medernen Tirkei den Tirken ja so grosse sichere
Verdienstmoglichkeit schon bietet und in den ndchsten Jahren

blatid]

noch mehr bicten wird, suchen und auch finden. Die Folgen einer
solchen Landflucht bedeuten aber den Ruinder Landwirtschaft in
weiten Strichen des Landes und gefihrden die Approvisionierung
der stetig anwachsenden Konsumzentren in eminenter Weise. Es
missten also bedeutend grossere Mittel der Veterinarverwaltung
sur Verfigung gestellt werden. Zunachst missen die untersten
politischen Behorden mit Veterinaren besetzt werden, damit die
Gesetze mit allem Nachdruck zur Durchfihrung gelangen.

Der Gefertigte ist der Meinung, dass auch dies nicht
genigt, es istnotwendig, zur Vermeidung von Tierverlusten all-
jéhrlich imFrohjehr Kessenschutzimpfungen, zundchst auf Staats-
kosten, um die Leute darvan zu gewshnen, durchzufuhren; dasu
benttigtman Massen von Impfstoffenundviele Impftier-
drate und eine umfassende Organisation. Hier wire zu
empfehlen, oine eurcpdische Gosellschaft, wie es etwa die inter-
nationale Serum-Union in Wien, IX. Zimmermanngasse &, ist, die
solche Aufgaben in vielen Landern schon mit den gréssten Br-
folgen durchgefihrt hat, mit der gesamten Organisation des
Serum- und Impfdienstes zu betrauen; die Arbeit dieser Gesell-
schaft unter Kentrolle der Veterinkrverwaltung, wirde in wenigen
Jahren susserordentlich Erspriessliches leisten und dabei den
tirkischen Veteriniren Gelegenheit gedoten, sich im dieser
grosszigigen Organisation, die der Volkswirtschaft Millionen-
werte erhalt, su orientieren und zu lernen und in einigen Jahren
dann selbsténdig weitersufunren.

Daher erlaubt sich der Gefertigte, Herrn Prasidenten den
Vorschlag zu machen, von der obén genannten Gesellschaft, die
aus vielen hervorragenden Spesialisten susammengesetst ist, ein
Gutachten zuersuchen, wie manamraschesten und verlasslichsten
die Rinderpest und auch die anderen Seuchen in der Tarkei tilgen
konnte; es besteht gar kein Zweifel, dass nach der Durchfuhrung
eines derartigen Bekampfungsplanes auch die zivilen veteriniren
Verhilinisse in ein bis swei Jahren auf curopéischer Hohe
stenen wiurden.

Zum Sohlusse beehrt sich der Gefertigte zu berichten,
dass er und seine Frau in der tarkisohen Gesellsochaft in Btlik
die beste Aufnahme gefunden habven: sie hatten Gelegenheit die
tiirkische Sprache zu erlernen und dadurch die schénen Sitten
und Gebréduche, iiberhaupt das ganze tirkische Leben naher kennen
zu lermen. Sie sind fur die swei prachtigen Jahre, die sie in
angora verleben durften, zum grissten Danke verpflichtet.

In ergebenster Hochachtung

FH...

wd fere{lf]

Wien, Dezember 1928.

Picture 5 Ganslmayer’s Letter Page 3.
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Prof. Ganslmayer also suggested President Mustafa Kemal
to ask for support from the mentioned organizations in order
to prevent cattle plague and other epidemics in a short time.
After the application of this plan, the Civilian Veterinary
Organization could have reached European standards in a year
ot two."!

Ganslmayer had completed his letter saying that they were
very well welcomed with his wife, they had opportunity to
learn Turkish, had chance to learn the most beautiful traditions
and customs of Turkish culture and spent two wonderful years
in Ankara."?

DISCUSSION and CONCLUSION

During veterinary medicine history studies in Turkey, there
is no other document directly presented to President Atatiirk
by a foreign or local veterinarian was discovered before
Ganslmayer’s report. For this feature the document is unique.

The majority of scientific cooperation in the field of
veterinary medicine was with France until the WWI. In this
manner, the discovery of rinderpest virus can be also an
example (19, 22, 23, 24, 25, 26, 27). It is seen that as German
scientists took part as academic staff, the scientific cooperation
has also changed towards Germany with the opening of the
Higher Agriculture Institute (HAI) (Yiksek Ziraat Enstiti-
si—YZE) (19, 24, 28). Ganslmayer can be regarded as one of
the pioneers of Turkish-German scientific collaboration in the
Republican era with his arrival 7 years before establishment of
HAL

Ganslmayer mentioned about the inadequacy of veterinary
medicine education in 1920s Turkey and he added corrections
must be made. The establishment of HAI Veterinary Faculty
in 1933 also shows his ideas about veterinary education were
matching with the profits of the Republic. It is also possible
that the proposal for free vaccination to be accepted by the
public is included in the 1923 Government Program (28).

The dry vaccine Ganslmayer mentioned in his report
is the discovery of Ord. Prof. Dr. Sireyya Tahsin Aygiin.
The success of the vaccination was praised by Dr. Gerlach
Geheimrat in 1933 and Prof. Dr. Von Ostertag in 1934 (24).
It is obvious from the letter that Ganslmayer didn’t mention
about the success of this vaccine before his two colleagues
from Germany. This may suggest that the international
recognition of Aygiin’s study should be taken further back
historically.

Prof. Ganslmayer emphasized on animal diseases in general,
but especially focused on fighting against cattle plague in
Turkey. The scientific knowledge of veterinarians was low
and the legislations were insufficient due to this disease.
He presented various measures related to this subject. The
proximity of these precautions against cattle plague outbreak
in 1932 can be accepted as a sign of scientific dominance
overall Turkey (2, 28).

Under the leadership of Mustafa Kemal, republic was
based on scientific view in the field of veterinary medicine

""BCA: 030.10./186.282.16
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also like in every aspect on the same basis. For this purpose,
national studies in veterinary medicine were supported with
international cooperation. Arrival of Ganslmayer in Turkey
can also be accepted as one of these examples. The fight
against cattle plague became the most important agenda of
Republic. This struggle is a pride in the history of Turkish
veterinary medicine for veterinarians. All the success achieved
in the field of veterinary medicine and animal husbandry is the
proof of true scientific point of view of republic (2, 19, 28).

As a result; Prof. Ganslmayer’s report can be considered as
one of the important documents in the veterinary field as it is
in every subject that Republic put in the way of modernized
civilization and it is the first and only recent documents has
achieved till now directly written to President Atatiitk by a
veterinarian in Turkish Veterinary History studies.
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ABSTRACT

Up to now, 12 snail species have been determinted as a intermediate host Helicella candicans (Zieglet,
1841), Xeropicta krynickii (Krynicki, 1833), Trochoidea pyramidata (Draparnaud,1805), Monacha cartusia-
na (O. E. Miller, 1774), Cochlicella acuta (O. F. Miller, 1774), Helicella itala (Linnaeus, 1758), Cernuel-
la virgata (Da Costa, 1778), Helicopsis protea (O. F. Miller, 1774), Helicella obvia (Menke, 1828), Helix aspersa
O. E Muller, 1774, Helixc lucornm Linneaus, 1758, Chondrus tournefortianus (A. Ferussac, 1821) in Turkey.
Unfortunately, classification mistakes are made by the fact that the host, intermediate host and parasites
are from separate groups of animals. Particulatly in relation to intermediate hosts, these are: Helicella
candicans is synonim of Xerolenta obvia. Probably the researchers have noted snail belong to this species
from old and invalid literatures. Its same for the Helicella obvia, its synonim of the Xerolenta obvia. He-
licopsis krynickii, Its synonim of the Xeropicta krynickii; Monacha carthusiana is also synonim of Monacha
clanstralis. Also Helicella obvia is synonim of Xerolenta obvia. Helicella itala and — Helicopsis protea never has
been found in Turkey. Probably reason of only morphological description. Because this species distti-
buting in western Europe (from Italia and Austria till whole Britania).

Thrkiye’nin parazitolojik 6neme sahip olan kara salyangozlari

Oz

Turkiye de simdiye kadar yapilan calismalarda 12 salyangoz tiirti ara konak olarak belirlenmistir (He/icel-
la candicans (Ziegler, 1841), Xeropicta krynickii (Krynicki, 1833), Trochoidea pyramidata (Draparnaud,1805),
Monacha cartusiana (O. E Muller, 1774), Cochlicella acuta (O. F. Muller, 1774), Helicella itala (Linnaeus,
1758), Cernuella virgata (Da Costa, 1778), Helicopsis protea (O. F. Milller, 1774), Helicella obvia (Menke,
1828), Helix aspersa O. Y. Miller, 1774, Helix lucorum Linneaus, 1758, Chondrus tournefortianus (A. Fe-
russac, 1821). Maalesef, konakel, ara konakei ve parazitlerin ayri hayvan gruplarindan olmasi nedeniyle
ciddi stniflandirma hatalari yapilmaktadir. Ozellikle ara konaklarla ilgili olarak, bunlar: Helicella candicans,
Xerolenta obvia'nin sinonimidir. Muhtemelen arastirmacilar, ara konak salyangozlarin tanimlamalarint
eski ve gecersiz literatiirden yararlanarak yapmuslardir. Helicella obvia, Xerolenta obvia’nin sinonimi; Hels-
copsis krynickii, Xeropicta krynickiinin sinonimi; Monacha carthusiana da Monacha clanstralis’in sinonimidir.
Ayrica Helicella obvia, Xerolenta obvia’nun sinonimidir. Helicella itala ve Helicopsis protea tirleri Tirkiye’de
yayihs gostermemektedir. Bu iki tiir Ttalya ve Avusturya’dan Biritanya dahil tim Batt Avrupada yayilis
gostermektedir. Muhtemelen arastiricilar sadece morfolojik tanimlama yapmislardir.

INTRODUCTION

in malakofauna of Turkey (2, 3). While to be host potentially
of these species are known, there are few studies on which

The Mollusca, one of the largest phyla of living creatu-
res, includes gastropod species able to colonise every humid
corner of the planet. Given their adaptability to a range of
diverse ecosystems, molluscs have been long known to serve
as ideal hosts for a number of parasites, including nematodes
and trematodes. Indeed, gastropods act as intermediate hosts
for a range of helminth parasites of medical and veterinary
concern, including more than 18,000 digenean trematodes
and about roundworm species ranked into the superfamily
Metastrongyloidea (1).

There are several studies on this large group of parasites
and snails but there is a few studies to determine the relati-
onship on the intermediate host. Till now, 1t has been deter-
mined that 245 terrestrial snail species have been determined

Bu makaleye atifta bulunmak icin/ To cite this article:

parasite uses the snail as an intermediate host.

Inastudyaround the Keban Region of Elazig, 20 snails (He/ix
Incorum) samples were examined interm of endohelmintes and
Paragonimus sp. (Trematoda; Digenea) and Protostrogylus sp.
(Nematoda; Metastrongyloidea) were determined in the intes-
tine of snails. The abundance, prevalance and mean intensity
tor Paragonimus sp. were found 20%, 5% and 4 parasites per
snail respectively. These values for Protostrongylus sp. were also
found 30%, 5% and 6 parasites per snail respectively (4).

Unlu et al (2017) have found H. zucorum snails as a intet-

mediate hosts for Dicrocoelinm trematodes with a prevalence of
22% (5).

Girelli and Gé¢men (2007) have found H. aspersa as an
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intermediate host in the life cycle of Dicrocoeliidae and it had
a prevalence of 0.97 % (6).

Gurelli et al (2014) have studied the prevalence of
Dicrocoeliid larval stages in Helixc lucorum Linneus 1758 in the
vicinity of Kastamonu and founded prevalence as 27.6% (7).

Soykan and Oge (2012) have studied on the prevalence of
liver trematodes in equines in different cities of Turkey and
found percents 5.1% with liver flukes. And also Infection rates
were found to be Fasciola hepatica 2.6%, in donkeys (8).

Gurelli and Alay (2016) have first record of the natural in-
fection of Chondrus tournefortianus by Dicrocoeliidae larval
stages in Kastamonu. They have found prevalence of the
infection in Kastamonu, was 2.27%, with the highest va-
lue occurring in October. Also they have given a list about
comparision of the prevalence in different land snail species
infected with Dicrocoeliidae larval stages. These species and
prevalence in Turkey: Helicella candicans 4.0, Helicopsis krynickii
2.6, Trochoidea pyramiadata 0.2, Monacha carthusiana 2.8, Cochlicella
acuta 0.4, Helicella itala 5.68, Cernuella virgata 1.0, Helicopsis protea
0.8, Helicella obvia 20.8, Helix aspersa 0.97, Helix lucorum 27.6,
Chondrus tournefortianus (9).

Kartal, K., et al.(2015) have studied on the prevalence of
liver trematodes in Helix lucorum 1innaeus, 1758, and found as
4,9 % in vicinity Afyonkarahisar (10).

Balkaya et al (2009) have found Dicrocoelium dendriticum in-
fection around 31.1% ratio in Erzurum vicinity (11). Cengiz
et al (2010) have found a human infection with Dicrocoelinm
dendriticum in Turkey (12). All these studies show that there is a
widespread trematod and nematode infection in our country.
It is clear evidence that the same type of infection was found
in the high-rate Dicrocelias in Erzurum and also in a human.
However, there are very few studies of how these parasites de-
velop at the intermediate host level. For this reason, it is neces-
sary to understand the life cycle of common parasites and the
intermediate hosts. Because the information will be the most
important step in protecting against such diseases.

The aim of this study was to determine the distribution of
the snail intermediate host which have taken place in Turkey as
well. To know their distribution will be a source of knowledge
for those working with such parasites.

MATERIAL and METHODS

The snail samples given in the study have collected from
all regions of Turkey by the first author since 1994. All ma-
terials are kept in the personal collections in Burdur Meh-
met Akif Ersoy University Faculty of Science and Arts and
the Museum. These species: Xerolenta obvia (Menke, 1828)
from Istranca Mountain (June, 1994); Xeropicta krynickii (K-
ynicki, 1833) from Silivri, Istanbul (July, 2016) and Tekirdag
(July, 2016); Trochoidea pyramidata (Draparnaud, 1805); from
Antalya (September, 2014) and Tekirdag (July, 2016); Monacha
(Monacha) claustralis Mousson, 1859) from Akdag Isparta (June,
2014), Karakent village (June, 2014); Cochlicella acuta (Miller,
1774) from Nazilli (June, 2008), Candir Isparta (June, 2014);
Cryptopmbalus aspesus (O.F. Miller, 1774) from Hevsel Gardens,
Diyarbakir (April 1994) and Bodrum, Fethiye (June, 2008);
Helisc (Helix) lucorum (Linnaneus, 1758) from Ke¢iborlu Kap-

lanlt Village (August 1998), Glimiusgiin Burdur (2001), Dere-
cine village Afyon (2001); Chondrus tournefortianus (A. Ferussac,
1821) from Bayburt Castle (June, 1996), Coruh Valey, Artvin
(June, 1996).

Samples were included in the collection collected by stan-
dard methods and techniques. Fechter & Falkner 1990, Gitten-
berger 2000, Hausdorf 2000, Schiitt 2010 were used to diffe-
rentiate species (2, 3, 13, 14).

RESULTS

Up to now, 12 snail species have been determinted as a in-
termediate host (He/zcella candicans, Helicopsis krynickis, Trochoidea
pyramiadata, Monacha carthusiana, Cochlicella acuta, Helicella itala,
Cernuella virgata, Helicopsis protea, Helicella obvia, Helix aspersa, He-
lisc lncornm, Chondyus tournefortianus) in Turkey.

The general characteristics and distributions of these spe-
cies are briefly given;

1. Helicella candicans

The name of species has used by Schileyko in 1978. After
this articles, Fechter & Falkner and Schutt have changed as
Xerolenta obvia (2).

2. Xerolenta obvia (Menke, 1828)

1828 Helix obvia, MENKE, Synopsis Metthodica Mollusco-
rum. (1): 13. NOM.

1978 Helicella candicans,-
F252-254

1989 Xerolenta obvi, -Fechter & Falkner, Weichtiere, 208,209.
2010 Xerolenta obvia, - Schutt, Turkish Land Snails, p: 456

Schileyko, Helicoidea: 224-225,

The information given under these two species names, as
seen in the synonym list, is probably misleading because of the
morphologically-based description. Because the shell morpho-
logy of these taxons given as synonyms is very similar. Probab-
ly the researchers have noted snail belong to this species. As
typically the background color is whitish with not itterrupted
dark brown spiral bands. It is known from only the west parts
of Trakya region. Members of this species prefer dry and open
habitats and calcerous grassland. So its possible to pass of the
trematodes larveas easly in these habitats. Materials: Dry and
open grasslands around Istranca Mountain (June, 1994).

3. Helicopsis krynickii
Its synonim of the Xeropicta krynickii (2).
4. Xeropicta krynickii (Krynicki, 1833)

1960 Helicopsis (Xeropicta) krynickii, - Zilch in Wenz, Hdp,-
Pal.6(2,4): 672

1989 Xeropicta krynickii, -Fechter & Falkner, Weichtiere,
206,207.
2010 Xeropicta krynickii- Schutt, Turkish Land Snails, p: 452

As typically this species has an irregularly developed pattern
of interrupted more or less broad spiral bands. This species
distributed in Marmara and Black Sea regions in Turkey and
also Black Sea Basin conturies, Bulgaria and Greece (2,3). They
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live at open habitats on dampish and cultivated areas, her-
bages, in forests. Materials: from Silivri, Istanbul (July, 2016);
from Tekirdag (July, 2016).

5. Trochoidea pyramidata (Draparnaud, 1805)

Shell typically conic and with 7 regularly increasing convex
whotls. They live on dry vegetation, usually in coastal vicinity
distibuted in West, Meditterenean and Trakya part of Turkey.
Materials:  from Antalya (September, 2014), from Tekirdag
(July 2016).

6. Monacha carthusiana

Since long time Monacha samples collected from West Ana-
tolia has accapted as M. cartusia reason of big concologic simi-
larity. This species distributing in Western Europe and Ameri-
ca (Naturalist). Hausdorf (2000) examined the genital anatomy
of these specimens and identified them as Monacha clanstralis
2, 3, 14, 15).

7. Monacha (Monacha) clanstralis Mousson, 1859)

1967 Monacha (Monacha) carthusiana,-Hudec,
rodn, Mus., 136(2):89, E 5.

1996 Monacha (Monacha) carthusiana, -Schutt, Landschnecken
Turkey:382 (part)

2000 Monacha (Monacha) claustralis, - Haudorf, Arch. Mollus-
knkunde, 128(1/2): 80-82.

2010 Monacha (Monacha) clanstralis, - Schiitt, Turkish Land
Snails, 424 p.

Casopis Na-

This species widespread in Western Turkey. Materials: from
Akdag Isparta (June, 2014), Karakent village (June 2014).

8. Cochlicella acuta (O.F. Miller, 1774)

Shell turrated, 8-10 slighly convex. They have seen in Mar-
mara, Aegean, Mediterrenean and Blacksea regions. Generally
in coastal areas from the Atlantic islands to Caspian coastlands
(3). They live on dry places, coastal grassland, abundant sh-
rubs or low trees. Materials: from Nazilli (June, 2008), Candir,
Isparta (June, 2014).

9. Heljcella itala (Linnacus, 1758)

This species lives in western Europe (in Scotland, nort-
hern England, Wales, Cornwall and northern Ireland, but not
Shetlands), in the north to southern Scandinavia, in the east
to central Germany and Austria (western Niederdsterreich) to
France and northern Spain (15). It never has been found in
Turkey. Probably the examples gathered because of similarity
to other species are given this name.

10. Helicopsis protea (Haas, 1933)

It never has been found in Turkey. Probably the examples
gathered because of similarity to other species are given this
name. There is a controversy over the existence and classifica-
tion of this taxon. For the first time, Haas gave it as a subs-
pecies and Gittenberger gave it on the synonym list of the
Xeropicta ledereri mavromonstakisi taxon in his work in Cyprus
and mentioned the distributing in Cyprus (13).

11. Helicella obvia

Yilmaz, Giirlek, Kus

This taxon is listed on synonym list of Xerolenta obvia Men-
ke, 1828) previously.

12. Helix aspersa

Its synonim of Cryptophalus aspesus (O.F. Miller, 1774).
13. Cryptopmbalus aspesus (O.F. Miller, 1774)

1774 Helix aspersa O.F. Miller, Verm. Terr.fluv. hist., 2: 59

1989 Cryptopmbalus aspesus Fechter & Falkner, Weichtiere,
244 F. 1, 245

2010 Cryptopmbalus aspesus Schiitt, Turkish Land Snails, 501.

In Turkey nearly everwhere in natural and cultivated habi-
tats. In the vicinity Mediterranean, Aegean and Black Sea costs.
Its and edible snail also there alots of farms in EU. Recently it
has started farming activities in Turkey. Materials: from Hev-
sel Gardens, Diyarbakir (April, 1994), from Bodrum, Fethiye
(June, 2008).

14. Helixc lncornm (Linnaeus, 1758)
1758 Helix lucorum Linnaeus, Syst. Nat., 10: 773

This species distribution all over the Turkey. Its known Tur-
kish snail and gathering for export. Materials: from Kecibotlu
Kaplanl Village (August, 1998), Glmusgiin Burdur (2001),
Deregine village Afyon (2001).

15. Chondrus tonrnefortianus (A. Ferussac, 1821)

1998 Chondrus tonrnefortianus, - Schileyko, Ruthenica, Supp.
2: 224

1998 Chondrus tournefortianus, - Schiitt, Turkish Land Snails,
128.

Shell sinistral coiled spindle shaped. It has distributed Mar-
mara, Middle and North Anadolu Regions. Materials: from
Bayburt Castle (June, 1996), Coruh Valey, Artvin (June, 1996).

DISCUSSION

Turkey is a country with high biological diversity. There is
also a rich variety of snails. Animal husbandry is common and
takes place in the form of small family farms. Exterior grazing
is also common. All of this is necessary for the parasite loop.
Therefore, we are expecting a parasitic fauna rich in both qu-
alitative and quantitative in our country. This is undoubtedly
a negative influence for livestock. Therefore, one of the first
steps in the struggle against parasites is to know the parasites
life cycle well.

In Turkey has not been adequately studied in this regard.
However, in the last few years, good work has begun to take
place. Parasites, hosts and intermediate hosts are composed of
very diverse animal groups. It is therefore a necessity for these
different groups of animals to be well known. As a matter of
fact, few studies have made mistakes on intermediate hosts.
These are: Helicella candicans (8) is synonim of Xerolenta obvia.
Probably the researchers have noted snail belong to this spe-
cies from old and invalid literatures. Its same for the Helicella
obvia, its synonim of the Xerolenta obvia. Helicopsis krynickii, Its
synonim of the Xeropicta krynickii; Monacha carthusiana is also
synonim of Monacha clanstralis (2, 3). Helicella itala, never has

MAE Vet Fak Derg, 3 (2): 117-120, 2018



Terrestrial snails that are parasitologically...

been found in Turkey. Probably reason of only morphological
description. Because this species distributing in western Euro-
pe (15). Helicopsis protea never has been found in Turkey. Pro-
bably reason of only morphological description (13). Helicella
obvia is synonim of Xerolenta obvia (2, 3).
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Bu makalede, 2014-2018 yillart arasinda Burdur Mehmet Akif Ersoy Universitesi Veteriner Fakiiltesi
Mikrobiyoloji Laboratuvari’na otitis eksterna siipheli kopeklerden alnarak génderilen 205 kulak stva-
bt 6rneginin mikolojik kiiltiir sonuglart degerlendirildi. Incelenen 205 kulak sivabindan 42 (% 20,48)
Candida sp., 27 (% 13,17) Malassezia sp., 2 (Yo 0,98) Microsporum: sp., 2 (%o 0,98) Aspergillus sp. ve 2 (Yo
0,98) Mucor sp. izole edildi. Orneklerin 21 (% 10,24)’inden Candida sp. ve 14 (% 6,83) *iinden Malassezia
sp. saf kiltir halinde izole edilitken, 21 (% 10,24) 6rnekte Candida sp. 13 (%o 6,34) 6rnekte Malassezia
sp. basta koagiilaz pozitif stafilokok (Szaphylococcus anrens ve Staphylococcus intermedins) olmak tzere Pseu-
domonas sp., Proteus sp., Streptococcus sp., Corynebacterium sp. ve koagtlaz negatif stafilokok gibi bakteriler
ile birlikte izole edildi. Sonug olarak, képeklerde otitis eksternaya yol acan en yaygin fungal etkenlerin
Candida sp. le Malessezia sp. oldugu ve tedavi 6ncesi dis kulak kanalindan alinan sivap 6rneklerinin mi-
kolojik muayenesinin faydali olacagt kanisina varilds.

Fungal agents isolated from dogs with otitis externa

ABSTRACT

In this article, the mycological culture results of 205 ear swap samples taken from dogs with the
suspicion of otitis externa and sent to Microbiology Laboratory at Faculty of Veterinary Medicine,
Burdur Mehmet Akif Ersoy University, between 2014 and 2018 were evaluated. Out of 205 eat swap
samples, 42 (20.48 %) Candida sp., 27 (13.17 %) Malassezia sp., 2 (0.98 %) Microsporum sp., 2 (0.98 %)
Aspergillus sp. and 2 (0.98 %) Mucor sp. were isolated. While 21 (10.24 %) Candida sp. and 14 (6.83 %)
Malassezia sp. were isolated as a single agent from the samples, Candida sp. in 21 (10.24 %) and Malassezia
sp. in 13 (6.34 %) of samples were isolated together with especially coagulase positive staphylococci
(Staphylococcus anrens and Staphylococcus intermedins) and some bacteria as Pseudomonas sp., Proteus sp.,
Streptococcus sp., Corynebacterium sp. and coagulase negative staphylococci. As a result, the most prevalent
fungal agents that cause otitis externa in dogs were Candida sp. and Malessezia sp. and it was concluded
that fungal culture of swabs from external ear canal before initiation of treatment would be beneficial.

GIRIS

larin da nadir olarak ve 6zellikle immun sistemi baskilanmig
kopeklerde otitis eksternaya yol acabilecegi ileri stirilmistiir

Otitis eksterna, kopeklerde kulak kanalinin en yaygin has-
taliklarindan birisidir. Alerji, otoimmun hastaliklar, endokrin
veya keratinizasyon bozukluklari, ektoparazitler ve yabanct ci-
simler gibi primer nedenlere baglt olarak kulak kanalinda hasar
olustugunda normal mikroflorada az sayida bulunan bakteri ve
mantarlar sekonder enfeksiyonlara yol agabilir (1, 2, 3). Otitis
eksternaya Staphylococcus intermedins, Staphylococcus anrens, Strep-
tococcus sp., Protens sp., Psendomonas sp., Klebsiella sp., Escherichia
coli gibi birgok bakteri yol agmasina ragmen, Malassezia sp. ve
Candida sp. gibi mayalarin da siklikla izole edildigi bildirilmigtir
(4, 5). Malassezia cinsinde bulunan mayalar, hayvanlarin deri ve
mukozalarinin normal mikobiyotasini olusturmasina ragmen
(1, 6, 7), Candida titlerinin daha ¢ok hastalik olgularindan izole
edildigi (7, 8, 9) aciklanmistir. Bununla bitlikte gerek Candida
(1, 3-5, 10, 11) ve gerekse Malassezia (1, 3-5, 10-13) tirlerinin
kopeklerde otitis eksternaya yol actigini agiklayan ¢ok sayida
arastirma mevcuttur. Diger taraftan Microsporum gibi dermato-
fitlerin yami sira Aspergillus ve Penicillinm gibi saproftik mantar-
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Bu retrospektif calismada; otitis eksternalt képeklerden
alinarak Burdur Mehmet Akif Ersoy Universitesi Veteriner
Fakiltesi Mikrobiyoloji Laboratuvar’na génderilen kulak si-
vap 6rneklerinin mikolojik kiltiir sonuglart degerlendirilerek
izole edilen fungal etkenler ile mevsimsel dagilimlarina dikkat
cekildi.

GEREC ve YONTEM

Kulak swabi ornekeleri

Ocak 2014 ile Haziran 2018 tarihleri arasinda Burdur Meh-
met Akif Ersoy Universitesi Veteriner Fakiiltesi Mikrobiyoloji
Laboratuvarr’na otitis eksterna siipheli kdpeklerden steril pa-
muk stvaplar ile alinarak goénderilen 205 kulak sivabt 6rnedi
calismanin materyalini olusturdu. Gonderilen 6rnekler bakte-
tiyolojik ve mikolojik kiltir yapilincaya kadar 4°C’de muhafaza
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edildi.
Mikolojike ve bakteriyolojik kiiltiir

Mikolojik kiltir icin stvap 6rnekleri, kloramfenikol supple-
ment (0.05 mg/ml) (Oxoid, UK) eklenmis Sabouraud Deks-
troz Agar’a (Oxoid, UK) ekildi. Besiyetleri 37°C ve 25°C’de
1-4 hafta siire ile her glin kontrol edilmek tizere inkiibasyona
birakildi. Fungal izolatlar makroskopik ve mikroskobik mot-
folojilerine gore tanimlandi. Ayni sivap Orneklerinden aynt
zamanda % 5 koyun kanl agar (Oxoid, UK) ve MacConkey
agara (Oxoid, UK) ekimler yapilarak, 37°C’de ve aerobik ko-
sullarda 24-48 saat siireyle inkiibasyona birakildi. Inkiibasyon
sonrast Ureyen bakterilerin koloni ve Gram boyama sonrast
mikroskobik morfolojileri incelendi ve izole edilen bakterilerin
identifikasyonu klasik metotlar kullanilarak yapildi (17, 18).

BULGULAR

Mikrobiyolojik olarak incelenen 205 kulak sivabr 6rneginin
21 (% 10,24)’inden Candida sp., 14 (% 6,83)’inden de Malas-
sezia sp. saf kiltir halinde izole edildi. Toplam 21 (% 10,24)
ornekte Candida sp., 13 (% 6,34) 6rnekte Malassezia sp. basta
koagtilaz pozitif stafilokoklar (S. aureus, S. intermedins) olmak
tzere Pseudomonas sp., Proteus sp., Streptococcus sp., Corynebacteri-
um sp. ve koagiilaz negatif stafilokok gibi bazi bakteriler ile bir-
likte izole edildi. Orneklerin 84 (% 41)’iinde sadece bakteriyel
etken/etkenler izole edilitken, 46 (% 22,44) Ornekte etken
izolasyonu yaptlamadi. Malassezia ve Candida cinsindeki maya-
lar ile birlikte 28 6rnekte 2, 6 6rnekte ise 3 mikroorganizma
saptandi. Tum vakalarin 42 (% 20,48)’sinden Candida sp., 27
(% 13,17)sinden ise Malassezia sp. izole edildi. Diger fungal et-
kenlerden Microsporum, Aspergilius ve Mucor sp. 2’ser 6rnekte ve
saf olarak izole edildi (Tablo 1). Otitisli kdpeklerden alinan si-
vaplardan en yitksek mantar izolasyonu sonbahar mevsiminde
(Eylil-Kasim) yapildt ve bunu yaz (Haziran-Agustos), ilkbahar
(Mart-Mayis) ve kis (Aralik-Subat) mevsimleri izledi (Tablo 2).

TARTISMA

Otitis eksterna olgularindan bircok bakterinin (§. zutermedins,
S. aunreus, Streptococcus sp., Proteus sp., Pseudomonas sp., Klebsiella
sp., E. coli vs.) yant sira fungal etkenlerin de siklikla izole edil-
digi bildirilmistir (4, 5). Bu calismada otitis ekterna olgularin-
da fungal etkenlerin izolasyon oranlari arastirildi ve incelenen
205 kulak stvabi 6rneginin 42 (% 20,48)’sinde Candida sp., 27
(%0 13,17)sinden ise Malassezia sp. izole edildi. Diger fungal et-
kenlerden Microsporum, Aspergillus ve Mucor sp. ise 2’ser 6rnekte
teshis edildi. Bu sonu¢ Candida (1, 3-5, 10, 11) ve Malassezia
(1, 3-5, 10-13) gibi maya tiirlerinin otitis eksterna olgularindan
siklikla izole edildigini bildiren arastirma sonuglarini destekle-
mektedir.

Sihelska ve ark (7), saglikli 70 képegin 44’tnin dis kulak
yolu dahil farklt mukoza ve deri bélgelerinden aldiklart 6rnek-
lerden Malassezia sp. izole ettikleri halde, Candida sp.yi tek bir
rektal mukoza 6rneginde saptadiklarini bildirmis ve Malassezia
sp’nin aksine, Candida etkenlerinin saghkl hayvanlarda bulun-
madigint ileri stirmuslerdir. Ayni sekilde Lyskova ve ark (3),
otitis eksternalt kbpeklerden alinan 97 sivap 6rneginin 30’ un-
dan Malassezia pachydermatis, 3 inden ise Candida sp. izole etmis,
otitis eksterna teshis edilmeyen képeklerden alinan 178 stvap
orneginde ise Candida sp. saptayamadiklart halde 19’undan Ma-

Tablo 1 Otitis eksternali képeklerden izole edilen fungal ve bakteriyel
etkenler ve izolasyon oranlari

Table 1 Fungal and bacterial agents isolated from dogs with otitis
externa and isolation rates

Mikroorganizmalar Sayis1 %
Candida sp. 21 10,24
Candida sp. + S. anreus 9 4,40
Candida sp. + S. intermedins 4 1,95
Candida sp. + Pseudomonas sp. 2 0,98
Candida sp. + Proteus sp. 1 0,48
Candida sp. + Streptococcus sp. 1 0,48
Candida sp. + S. anreus + Pseudonmonas sp. 1 0,48
Candida sp. + S. anreus + Proteus sp. 1 0,48
Candida sp. + S. anrens + Koagiilaz negatif stafilokok 1 048
Candida sp. + Pseudomonas sp. + Proteus sp. 1 0,48
Malassezia sp. 14 6,83
Malassezia sp. + S. aurens 6 2,94
Malassezia sp. + S. intermedins 2 0,98
Malassezia sp. + Streptococcus sp. 1 0,48
Malassezia sp. + Koagiilaz negatif stafilokok 1 0,48
Malassezia sp. + Corynebacterinm sp. 1 0,48
Malassezia sp. + S. aureus + Streptococcus sp. 2 0,98
Microsporum sp. 2 0,98
Aspergillus sp. 2 0,98
Mucor sp. 2 0,98
Bakteri 84 41
Etken izole edilemeyen 46 2244
Toplam 205 100

lassezia pachydermatis izole ettiklerini bildirmislerdir. Crespo ve
ark (12), saglikli ve otitis eksternali képeklerin sirastyla % 62,2
ve % 50sinden Malassezia pachydermatis izole ettiklerini, diger
Malassezia tirlerinin de % 4,5 oraninda otitis eksterna etiyo-
lojsinde rol oynadigini ileri siirmislerdir. Oztiirk ve ark (9);
2005-2014 yillar1 arasinda otitis externalt kopeklerden alinan
58 sivap 6rneginden yuksek oranda (%o 28,13) Candida sp. izo-
le ettiklerini, ancak 6rneklerin hicbirinde Malassezia sp. sapta-
madiklarini bildirmistir. Aynt laboratuvarin 2014-2018 yillar
arasindaki kayitlarini kapsayan bu calismada ise Candida izolas-
yon orant (%o 20,48) Malassezia izolasyon oranindan (% 13,17)
daha yiiksek saptandi. Bu sonu¢ Candida titlerinin hastalik
olgularinda daha fazla bulunacagini ileri siiren arastirmacilati
da desteklemektedir (7-9). Diger taraftan saprofitik mantarlarin
da otitis eksterna olgularindan izole edilebilecegi belirtilmistir
2, 3,5, 14-16). Bu calismada da oldukca dustik oranda olmakla
beraber Aspergillus (%o 0,98) ve Mucor (%o 0,98) gibi saprofitik
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Tablo 2 Otitis eksternalt képeklerden izole edilen fungal etkenlerin mevsimlere gore dagilimi
Table 2 Seasonal distribution of fungal agents isolated from dogs with otitis externa

fIkbahar Yaz Sonbahar Kis Toplam
Mikroorganizma

(n) (n) (n) (n) (n)

Candida sp. 11 6 16 9 42
Malassezia sp. 1 14 9 3 27
Microsporum: sp. 0 1 1 0 2
Aspergillus sp. 1 0 1 0 2
Mucor sp. 0 0 2 0 2
Toplam 13 21 29 12 75

mantarlar saf kdltar halinde izole edildi ve bu mantarlarin oti-
tis eksterna etiyolojinde rol oynayabilecegi kanisina varildi.

Cole ve ark (19), 31 otitis eksternali kbpegin % 45,2’inde
sadece mayalardan, % 25,8’inde ise hem maya ve hem de
bakterilerden ileri gelen enfeksiyon teshis ettiklerini bildir-
mistir. Sunulan ¢alismada stvap 6rneklerinin 21°inde Candida,
14’tnde ise Malassezia sp. olmak tizere toplam 35 (% 17,07) 61-
nekte sadece maya izole edildi. Toplam 34 (% 16,58) 6rnekte ise
koagtilaz pozitif stafilokoklar (8. aurens ve S. intermedins) basta
olmak tzere bazi bakteriler ile birlikte maya izolasyonu yapildr.
Ayrica bazi olgularda mayalar ile birlikte birden fazla bakteri-
yel etken izole edildi. Bu sonug, mayalarin enfeksiyona yalniz
basina yol acabilecekleri gibi bir veya birden fazla etken ile de
enfeksiyona neden olabilecegini bildiren arastirmacilarin (5,
19, 20) sonuglartyla uyumlu bulundu. Diger taraftan incelenen
stvap Orneklerinin % 22,44’inde maya veya bakteri izole edi-
lemedi. Bakteri veya mantar saptanmayan olgularin parazitik,
alerjik, metabolik veya otoimmun kékenli olabilecegi kanisina
varildi. Nitekim otitislerin temelde parazitik, alerjik, metabolik
veya otoimmun kékenli oldugu, bakteri ve mantarlarin olgulara
sekonder olarak katildigt aciklanmustir (1, 2).

Kopeklerde otitis  eksternanin  gorilme orani Uzerine
mevsimlerin etkisini inceleyen arastirmalarda (21-24) farkl
sonuclar elde edilmistir. Swiecicka ve ark (24), mantarlardan
ileri gelen otitis vakalarinin diger aylara gore 6zellikle yaz ay-
larinda (% 56) daha yiiksek oldugunu belirtmis olmasina rag-
men, bu ¢alismada ise en yitksek mantar izolasyonu sonbahar
mevsiminde yapild: ve bunu yaz, ilkbahar ve kis mevsimleri
izledi. Nitekim otitis cksterna gériilme oranlart bakimindan
dort mevsim arasinda istatistiksel bir farkin olmadigina (22),
cografik bélgeye ve hatta aynt bolgede sicaklik, yagis ve
rutubete bagh olarak oranlarda aylik degismelerin olabilecegine
(21) dikkat cekilmistir.

Sonug olarak, képeklerde otitis eksternaya yol acan en yaygin
fungal etkenlerin Candida ve Malessezia sp. gibi mayalar oldugu
ve tedavi 6ncesi dis kulak kanalindan alinan stvap 6rneklerinin
sadece bakteriyolojik degil ayni zamanda mikolojik yonden de
muayene edilmesi gerektigi kanisina varildr.
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Bu calismada Firat Universitesi caliganlarinin siit ve siit iirtinleri titketim yapisinin ve bu iiriinleri satin
almada tercihlerinin belirlenmesi amaglanmustir. Calisma materyalini 2015-2016 egitim-6gretim yilinda
Firat Universitesi'nde gorev yapan ve arastirmaya katilmayt kabul eden 128 akademik ve idari personel-
le yiiz yiize yapilan anket uygulamasindan elde edilen veriler olusturmustur. Gruplar arasinda yapilan
istatistiksel karsilastirmalarda tek yonli varyans analizi ve gruplar arast farkin 6nem kontroliinde post
hoc test olarak Scheffe testinden yaratlanilmustir. Calismaya katilanlarin %56,25’1 haftada bir kez sit
ve st Urtnleri satin aldig1, %060,944 sttt Ureticiden satin aldigy tespit edilmigtir. Stit ve siit Griinlerini
satin almada; giivenilirlik, katkisiz olmasi, ambalaj ve tretim yerinin bilinmesi kriterleri ile egitim du-
zeyi arasinda ve siit ve st drinleri satin almada g6z 6ntinde bulundurulan tim kriterler ile aylik gelir
diizeyi arasinda istatistiksel farklilik oldugu belirlenmistir (p<<0,05). Sonug olarak katilimcilarin islenmis
ambalajli markalr siit ve stit Griinlerini, giinliik agik stt ve sit rtinlerine gére daha cazip buldugu diger
taraftan stt ve st Urlinleri tiiketim tercihlerinde Gniversite calisanlarinda egitim ve gelir diizeyinin etkili
oldugu tespit edilmistir.

Milk and dairy products buying preference of Firat University employees

ABSTRACT

In this study, it was aimed to determine consumption structure of dairy and dairy products of Firat
University employees and their preferences in purchasing these products. The study material consisted
of face-to-face questionnaires with 128 academic and staff members working at Firat University in
2015-2016 academic year and agreeing to participate in the research. Statistical comparisons between
the groups used one-way ANOVA and the Scheffe test was used as post hoc test to control the impor-
tance of intergroup differences. It was found that 56.25% of the participants purchased milk and dairy
products once a week, while 60.94% purchased milk from the milk producers. In the purchase of milk
and dairy products; (p <0.05) between the criterion of reliability, the lack of contribution, the criteria
of packaging and production location, the level of education, and all the criteria considered for milk
and dairy products purchase and the monthly income level. As a result, it has been determined that the
education and income levels of the university employees are influential on consumption preferences of
milk and dairy products on the other hand, where participants consider processed packaged branded
milk and milk products more attractive than milk and milk products without daily packaging.

GIRIS

Thiketicilerin sosyo-ekonomik ve demografik yapilari, diger
gida trinlerinde oldugu gibi siit ve siit trinleri titketimini de

Insanlarda viicut agirhginin her bir kilogrami icin giinde 1
gram protein tiketmesi ve bununda %42%sinin (30-35 gram)
hayvansal kékenli olmast gerekmektedir (8). Ttrkiye’de 120
gr/kisi/glin olan toplam protein miktarinin 86 gt’t bitkisel ve
34 gt’1 ise hayvansal kaynaklidir. Hayvansal kaynakli protein
ihtiyacinin ise %045,59’u siit tiketimi ile karsillanmaktadir (5).

Sit ve stt Urtinleri tiiketimi tlkeler icin bir gelismislik g6s-
tergesi olmakla birlikte tiketim degerleri dengeli ve saglikl
beslenen tlkelerde yliksek miktardadir. Siitiin en verimli oldu-
gu sekli ise icme siiti olarak kullanilmasi ve stitten elde edilen
peynir, yogurt ve tereyagt gibi islenmis triinlerden olusmakta-

dir (3, 7).
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etkilemekle birlikte yapilan calismalar, yas, cinsiyet, gelir diize-
yi, egitim seviyesi ve hanehalk: genisligi gibi faktorlerin titketi-
len stt ve stt Griinleri miktar1 ile yakin iliski i¢erisinde oldugu-
nu gostermektedir (1).

Sut ve sut trunleri tiiketiminde titketici tercihleri acisindan
yapilan calismalarda; glivenilirlik, besin degeri, katki maddesi
olmamasi, kullanilan ambalajin sagliga zararli olmamasi, fiya-
tin ve markanin 6nemi ile son kullanma tarihi gibi kriterlerin
6nemli oldugu vurgulanmistir (11). Diger taraftan tiketicilerin
st ve sut urunleri satin alma davraniglarinin belirlenmesine
yonelik yuritilen ¢alismalar titketici isteklerine cevap verecek
trinlerin gelistirilmesi ve bu triinlerin uygun zamanda ve se-
killerde pazara sunulmasi olanagi sunmaktadir (13).
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Bu calisma, Firat Universitesi calisanlarinin cinsiyet, egitim
seviyesi ve gelir diizeyine gore sut ve stt tGriinleri tiiketim ya-
pisinin ve drtnleri satin almada tercihlerinin belirlenmesi ama-
ctyla yapilmustir.

GEREC ve YONTEM

Calismanin materyalini; 2015-2016 egitim-6gretim yilinda
Firat Universitesi merkez kampiiste gérev yapan ve goniilliiliik
esasina uygun olarak arastirmaya katdmay:r kabul eden, 128
personelle yiiz ylze yapilan anket uygulamasindan elde
edilen veriler olusturmustur. Ornek sayisinin belirlenmesinde
asagidaki formil kullandmistir (2).

Ni’pg 1500(1,96)20,9*0,1

n,=— — = - . =127
. d (N-D)+tpg 0057(1500-1)+(196) 09*0]1

Bu formiildeki; “n ” 6rnek biytikligt, “N” popiilasyondaki
birim sayist, “p” incelenecek olayin gorilis siklig, “q” incele-
necek olayin gérilmeyis stkligi, “t” belitli serbestlik derecesin-
de ve saptanan yanilma diizeyinde t tablosunda bulunan teorik
deger (%95 olastlikla t tablo degeri=1,96), “d” olayin goriilis

sikligina gére yapilmak istenen * sapmadir.

Veri toplama aract olarak olusturulan anket formu t¢ bo-
limden olusmustur. Anketin birinci bélimiinde katilimeilarin
demografik 6zelliklerinin belirlenmesi amactyla, cinsiyet, egi-
tim diizeyi, aylik gelir diizeyi ve stit ve siit Grtinleri alma siklig1-
na iliskin sorular sorulmustur. Egitim diizeyi; lise, iniversite ve
lisanstistii olmak tizere ti¢ gruba ayrilmustir. Aylik gelir diizeyi
ise asgari icret seviyesi géz 6niinde bulundurularak, 0-2000
TL, 2001-4000 TL ve 4001 TL ve tizeri olarak ti¢ grupta de-
gerlendirilmistir.

Tkinci bélim katilimeilarin siit ve siit triinlerini satin alma
sekline iliskin sorulardan olusmustur. Uciincii bolimde ise
katilimcilarin stit ve stt drlnleri titketiminde g6z Oniinde
bulundurulan; lezzet, givenilirlik, fiyatin uygunlugu, katkistz
olmasi, ambalaj ve tretim yerinin bilinmesi kriterleri 6nemi-
nin puanlanmast istenmistir. Puanlama ‘cok 6nemli’ 5 puan,
‘6nemli’ 4 puan, ‘fark etmez’ 3 puan, ‘6nemli degil’ 2 puan, ‘hi¢
6nemli degil’ 1 puan olacak sekilde kodlanmistir. Katilimcilarin
bu kritetlere verdikleri puanlarin ortalama degeri hesaplanarak
kriter ile ilgili puanlar hesaplanmustir. Katthmeilarin puanlama-
larindan elde edilen degerlerin 42 olmast ‘cok 6nemli’, 32 ol-
masi ‘Onemli’, 22 olmast ‘fark etmez’, 12 olmasi ‘6nemli degil’
gbrisiniin gostergesi olarak kabul edilmistir (14).

Arastirma verileri SPSS paket programi (IBM Corp. Relea-
sed 2012. IBM SPSS Statistics for Windows, Version 21.0. Ar-
monk, NY: ABD) yardimi ile degerlendirilmistir (9). Cinsiyet,
egitim diizeyi ve aylk gelir gruplari ile siit ve siit Griinleri satin
alma kriterleri ile arasinda yapilan istatistiksel karsilastirmalar-
da tek yonli varyans analizi (one-way ANOVA) kullanilmistir.
Gruplar arast farkin 6énem kontrolinde (p<0,05 diizeyinde)
post hoe test olarak Scheffe testinden yararlanilmistir. Verilerin
analizinde istatistiksel 6nemlilik diizeyi 0,05 olarak kabul edil-
mistir.

BULGULAR

Aragtirma kapsamina alinan katiimecilarin demografik 6zel-
liklerine iliskin cinsiyet, egitim durumlari, aylik ortalama hane
gelirleri, siit ve stt trinleri satin alma sikliklarina iliskin veriler
Tablo 1’de sunulmustut.

Tablo 1 Katilimcilarin demografik 6zellikleri, siit ve stt tGriinleri
satin alma sikliklart

Table 1 Participants' demographic characteristics, milk and dairy
product purchasing frequency

Frekans Yiizde
Faktorler
(n) %)
o FErkek 93 72,66
Cinsiyet
Kadin 35 27,34
Lise 14 10,94
Egitim Universite 32 25,00
Lisansustu 82 64,06
0-2000 TL 11 8,59
Hane aylik geliri 2001-4000 TL 51 39,84
4001 TL ve tzeri 66 51,56
Gunlik 15 11,72
Siit ve siit driinleri ~ Haftada bir 72 56,25
Haftada iki 8 6,25
alma siklig1 Ayda bir 24 18,75
Ayda iki 9 7,03

Tablo 1 incelendiginde, arastirmaya katilan calisanlarin 93
(%72,66) untn erkek, 35 (%27,34)’ i kadin olmakla birlikte 14
(%10,94) tintin lise, 32 (%25)’sinin tniversite ve 82 (%64,00)’si-
nin lisansiistd egitim mezunu oldugu gorilmektedir. Aylik or-
talama hane geliri incelendiginde; 11 (%8,6)’inin 0-2000 TL,
51 (%39,8)’inin 2001-4000 TL ve 66 (%51,6)smin 4001TL
ve tzeri gelire sahip oldugu gorilmektedir. Ayrica, siit ve siit
trinleri satin alma sikligi incelendiginde 15 (%11,72)’inin glin-
lik aldigi, 72 (%56,25)sinin haftada bir aldigi, 8 (%6,25)’inin
haftada iki kez aldigt, 24 (%18,75) tiniin ayda bir kez aldig1 ve 9
(%7,03)’unun ayda iki kez stt ve st tirtiinleri satin aldigt tespit
edilmistir. Katitimecilarin siit ve stt irtnleri satin alim yeri ter-
cihine iligkin bulgular Tablo 2’de verilmistir.
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Tablo 2 Katilimcilarin sit ve siit Grinleri satin alim yeri tercihine iliskin kriterler
Table 2 The criteria participants' preferences for buying milk and dairy products

Siit

Peynir

Yogurt Tereyag

Satin alim yeri

Frekans (n) Yiizde (%) Frekans (n)

Yiizde (%) Frekans (n)  Yiizde (%)  Frekans (n)  Yiizde (%)

Ureticiden 78 60,94 44
Sokak saticilarindan 4 3,13 7
Bakkaldan 11 8,59 4
Marketten 35 27,34 73
Toplam 128 100 128

34,38 35 27,34 43 33,59
547 4 3,13 - .
3,13 27 21,09 15 11,72
57,03 62 48,44 70 54,69
100 128 100 128 100

Tablo 2 incelendiginde; aragtirmaya katilanlarin %60,94°4
treticiden siit, %34,381 peynir, %27,34’1 yogurt ve %33,59u
tereyagt alirken; marketten, %27,340 sit, %57,03’0 peynir,
%48,441 yogurt ve %54,69u da tereyagr almaktadir. Aragtir-
mada katilimcilarin cinsiyetine gore siit ve stt trlnleri satin
almada g6z 6niinde bulundurulan kritetlere ait bulgular Tablo
3’de sunulmustur.

kriteri icin belirtilen gbriis erkek ¢alisanlarda “6nemli” seviyede
iken kadin ¢alisanlarda “cok 6nemli degil” seviyesinde oldugu
tespit edilmistir.

Calismada katllimecilarin egitim diizeyine gére stt ve siit
trinleri satin almada gbz 6niinde bulundurulan kriterlere ait
bulgular Tablo 4'de sunulmustur.

Tablo 4 incelendiginde siit ve stt driinlerini satin almada;

Tablo 3 Cinsiyete gore siit ve sit Uriinleri satin almada g6z 6niinde bulundurulan kriterler
Table 3 The criteria considered when buying milk and dairy products by gender

Erkek Kadin
Kriter t P
n (adet) X*S n (adet) XtS
Lezzet 93 4,66+0,63 35 4,03+0,89 3,884 0,000%*
Ghuvenilirlik 93 4,55%0,80 35 4,47%£1,03 0,405 0,686
Fiyat 93 3,77£0,79 35 3,43£0,68 2,432 0,016*
Katkisiz 93 436x1,19 35 4,25+1,02 0,526 0,600
Ambalaj 93 3,524+0,73 35 3,77+1,03 -1,287 0,201
Uretim yeri 93 4,16%£1,15 35 4,131£0,81 0,174 0,862

#p<0.05

Tablo 3 incelendiginde; st ve siit Griinleri satin almada géz
6ntnde bulundurulan lezzet ve fiyat kriterleri cinsiyete gbre
anlamlt bir farklilik g&stermektedir (p<<0,05). Lezzet kriteri
icin belirtilen gbrus erkek calisanlarda “cok énemli” olmasina
ragmen kadin caliganlarda “6nemli” diizeydedir. Ayrica fiyat

gtvenilirlik, katkisiz olmasi, ambalaj ve dretim yerinin bi-
linmesi kriterleri egitim dizeyine gére anlamli bir farklilik
gbstermektedir (p<<0,05). Ayrica bu kriterlerin; Universite me-
zunu ¢alisanlar, lise mezunu ve lisansiisti egitim mezunu ¢ali-
sanlarina gore daha az benimsendigi tespit edilmistir.

Tablo 4 Egitim dizeyine gére stt ve stt Urlinleri satin almada g6z 6ntinde bulundurulan kriterler

Table 4 Criteria considered in purchasing milk and dairy products according to education level.

Lise Universite Lisansiistii Varyans
Kriter Gruplar
XtS XS, Xt S F p
Lezzet 4,28+0,82 4,09+1,30 4,24£0,65 0,392 0,676
Givenilirlik 4,6440,92 3,59+1,38 4,8340,37 26,818 0,000% a-b, b-c
Fiyat 3.42+0,64 3,6240,70 3,5140,75 0,425 0,655
Katkisiz 4,28+1,06 3,5311,43 4,57£0,72 12,919 0,000* a-b, b-c
Ambalaj 3,35£1,00 2,96%0,89 4,04£0,79 19,955 0,000% a-b, b-c
Uretim yeri 4,0740,82 3,46%1,01 4.4340,74 15,306 0,000% ab, b-c

#p<0,05 ab,c
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Arastirmada katithmcilarin aylik gelir diizeyine gore siit ve

bilgi vermesi, titketicilerin dikkatin ¢ekmesi ve bilgilendirmesi

stit triinleri satin almada g6z 6ntinde bulundurulan kriterlere  nedeniyle tiiketicileri satin  alma davramsina  yonelttigi

ait bulgular Tablo 5°de sunulmustur. bildirilmistir (6).

Tablo 5 Aylik gelir diizeyine gore siit ve siit triinleri satin almada géz 6ntinde bulundurulan kriterler

Table 5 Criteria considered when buying milk and dairy products according to monthly income level
Keiter 0-2000 TL 2001-4000 TL 4001 TL ve tizeri Varyans Grupla

XtS, XtS, XtS, F p

Lezzet 427+1,00 4,50+0,50 3,96+1,00 5,935 0,003 a-c, b-c
Guvenilirlik 2,63£0,50 4,88£0,32 4,51£1,00 39,111 0,000* a-b, a-c
Fiyat 4,00+0,10 3,6610,65 3,34+0,79 5,573 0,005% a-b, a-c
Katkistz 2,36£0,50 4,66£0,47 4,30£1,13 30,705 0,000* a-b, a-c
Ambalaj 3,00£0,10 3,6210,82 3,87+1,08 4,375 0,015*% a-b, a-c
Uretim yeri 2,3610,50 4,45+0,50 420+0,90 37,181 0,000 a-b, a-c

*p<0.05 a,b,c

Tablo 5 incelendiginde siit ve siit rtinleri satin almada g6z
6ntinde bulundurulan tim kritetler ile aylik gelir diizeyi ara-
sinda anlamlt bir farklilik vardir (p<<0,05). Stt ve sit trtnleri
alirken lezzetine 6nem veririm goériistnid aylik geliri 4001 TL
ve tzeri olan ¢alisanlar 0-2000 TL ve 2001-4000 TL aylik ge-
lire sahip calisanlara gére gére daha az benimsedigini yapilan
scheffe testi sonucunda gérillmektedir. St ve stit Grtinleri alir-
ken glivenilir olmasi, fiyatinin uygun olmasi, katkisiz olmast,
ambalajli olmasi ve diretim yerini bilmeye 6nem veririm goéri-
sunt aylhk geliri 0-2000 TL olan ¢alisanlar, 2001-4000 TL ve
4001 TL ve tzeri aylik gelire sahip calisanlara gére gére daha az
benimsedigini yapilan scheffe testi sonucunda gériilmektedir.

TARTISMA ve SONUC

Bu calismada Firat Universitesi calisanlarinin siit ve siit
triinleri satin alma tercihlerini ortaya koymak ve tiiketimi etki-
leyen demografik ve sosyo-ekonomik faktorlerin belirlenmesi
amaclanmistir.

Arastirma sonuglarina gore, calisanlarin siit ve sit trinle-
ri satin alma sikliklarina bakildiginda trinleri haftada bir kez
aldiklarint belirtmislerdir. Katilimetlar satin alinan drtnler ice-
risinde igme siitiint glnlik aldiklarini belirtmislerdir. Konu ile
ilgili yapilan calismalarda da i¢me sttiiniin genellikle glnlik
satin alindigt belirtilmistir (10).

Universite calisanlarinin stt ve siit triinleri satin alirken,
urunlerin  gtvenilirligi, katkisiz olmast ve dretim yerinin
bilinmesi gibi kritetlere daha ¢ok dikkat ettikleri belirlenmistir.
Bu kriterler Sari6zkan ve ark. (12), ve Karakaya (10)’nin yaptigt
calismalarda elde ettikleri bulgularla benzerlik géstermektedir.

Calismaya katilanlarin egitim durumlarina gore siit ve siit
trinlerine iliskin gorislerine bakildiginda egitim  diizeyi
arttik¢a islenmis, ambalajli Griinlerin gunliik acik stt ve sit
trinlerine gére daha ¢ok tercih edildigini belirtmislerdir.
Nitekim ambalajin, tirlinii korumasi, kullanimda ve tasimada
kolaylik saglamasi, tiiketicilere triin ve iretici firma hakkinda

Aragtirmaya katilan Universite calisanlarinin aylik gelir du-
rumuna gore st ve sit drlnlerine iliskin genel gériislerine ba-
kildiginda aylik gelir diizeyi arttikca islenmis ambalajli markalt
stt ve sut Grinlerini, glinliik acik stt ve siit Griinlerinden daha
cazip bulduklart belirlenmistir. Zira gelir seviyesinin artmastyla
ambalajli siit tiketme egiliminin arttig1 ifade edilmektedir (4).

Sonug olarak arastirmaya katilan calisanlarin siit ve stit triin-
leri tiiketirken Girtintin glivenilir, katkisiz olmasi ve fiyattnin uy-
gun olmasi gibi 6zelliklere dikkat ettigi, islenmis ambalajli mar-
kal stit ve siit Griinlerini, giinliik acik siit ve siit tirtinlerine gére
daha cazip buldugu belitlenmistir. Tiketim aliskanliklarinda
toplumun genel davransglariyla benzer 6zellikler goriilmesi-
ne ragmen, siit ve stt Griinleri titketim tercihlerinde Universi-
te calisanlarinda egitim ve gelir diizeyinin etkili oldugu tespit
edilmistir. Universite calisanlarinda geleneksel siit ve siit iirtin-
lerine olan talebin halen devam etmesine ragmen endiistriyel
boyutta islenmis ve ambalajlanmus tirtinlere olan ilgi egitim ve
gelir seviyesi ile birlikte artis g&stermektedir.
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oz

Subakut ruminal asidozis (SARA) siit sigir1 isletmelerinin 6nemli bir bozuklugu olarak karsimiza ¢ik-
maktadir. Bu ¢alisma ile bir isletmedeki erken laktasyon déneminde bulunan hayvanlarin rumen pH’ lart
ile fekal skorlari arasindaki degisimin belirlenmesi ve s6z konusu isletmedeki stit sigirlarindaki stipheli
SARA durumunun tespitinin yapilmast amaclandi. Bu kapsamda isletmedeki erken laktasyon dénemin-
de (0-70. giinler) bulunan toplam 50 hayvan secildi. Subakut ruminal asidozisin tanist; rumen stvisinin
pH degeri (dijital pH metre) ile fekal skorlamanin ise inspeksiyon yontemi ile gerceklestirildi. Calisma
kapsaminda erken laktasyon déneminde bulunan 50 hayvanin 20’sinde (%040) SARA bulundugu ve
SARA tanist konulan hayvanlarin rumen pH’ st ile fekal skorlatt arasinda zayif diizeyde anlamli kore-
lasyon (r=0.50 p<0,05) oldugu saptandi. Sonug olarak SARA ile iliskili biyobelirteclerden rumen pH ve
fekal skor arasindaki korelasyonlar degerlendirilmis olup, diski skorlamasinin SARA’” nin tanisina zayif
diizeyde yon verebilecek parametreler arasinda bulunabilecegi belirlenmistir.

Evaluation of the relationship between rumen pH and fecal score in cows with suba-
kut ruminal acidosis

ABSTRACT

Subacute ruminal acidosis (SARA) is emerging disorder of dairy cattle operations. This study aimed
to determine the relation between rumen pH and fecal scores of cows in early lactation period and to
determine the suspected SARA status in dairy cows in this farm. For this propose, a total of 50 ani-

ORCID: mals in early lactation period (0-70 days) were enrolled to the study. Rumen pH and fecal scores were
13: gﬁg%%ig)%gg%%gfﬁ1183531 08 determined by a portable pH meter and inspection method, respectivley. It was determined that there
DA. URAL: 0000-0002-2659-3495 was a weak correlation between rumen pH and fecal scores (r = 0.50, p <0.05) in cows with SARA
S. ERDOGAN: 0000-0002-7833-5519 and 20/50 (40%) cows in eatly lactation period diagnosed SARA. In conclusion, correlations between

rumen pH and fecal score were evaluated and it was determined that fecal scoring could be a weak

K. URAL: 0000-0003-1867-7143
parameter to SARA diagnosis.

GIRIS

Subakut ruminal asidozis (SARA) siit sigir1 isletmelerinde-
ki sigirlarin ruminal saghgini ifade eden rumen pH’ sindaki
depresif degisimlerin tanimlanmasinda kullanilan ginimiiz
isletmelerinin en yaygin sorunlart arasindadir (1,2). Gintimuze
kadar yapilan arastirmalar incelendiginde SARA giin icerisinde
birkag saatlik siire icerisinde rumen pH’ stnin 5.5-5.8 degerleri
araliginda bulundugu durum ile iliskilendirildigi gértlmektedir
(2). Rumen pH’ sinda meydana gelen bu degisimlerin rumen
mikrobiyotast tzerinde olumsuz etkilerin gerceklesmesine
neden oldugu karbonhidratlardan kisa zincitli yag asiti treti-
mindeki degisimlerin rumenin tamponlama, emilim ve rumen
hareketlerini olumsuz yonde etkiledigi bildirilmektedir (3). Su-
bakut ruminal asidozisin olusturdugu bu degisimin yansimala-
11 stit Gretimi ve siit yagt (4,5) azalmalarindan baglamak tzere
karaciger apseleri (6,7) laminitis (8,9) gibi komplikasyonlarin
yaninda ABD’ de laktasyondaki her bir sigir icin yillik 400 §
kayba neden oldugu bilinmektedir (2).

Sttct sigirlarda SARA gibi beslenme ile iliskili hastalikla-

Bu makaleye atifta bulunmak icin/ To cite this article:

rin takibi stird bazinda tant degerlendirmelerinin yapildig: di-
agnostik uygulamalar ile ortaya konulabilmektedir. Ozellikle
subklinik ketozis, subklinik hipokalsemi ve subklinik ruminal
asidozis siirii bazinda siirekli takip edilmesi gereken hastaliklar
arasindadir (10). Bu kapsamda yapilan degerlendirmelerde
saranin tanist amact ile strd icindeki 6rnekleme sayilart ve
alarm seviyeleri arastirmacilar tarafindan ortaya konmus ve tim
dinyada kabul bulmus uygulamalar arasindadir (10,11). S6z
konusu uygulamalar arasinda en yaygin ve givenilir olaninin
rumen pH degisimlerinin giin boyu takip edilmesi oldugu bil-
dirilmektedir (12).

Subakut ruminal asidozisli hayvanlarin rumen pH’ larinda
meydana gelen degisimlerin ayni zamanda diskinin yapisi, pH’
st ve kivamit ile iligkili degisimlere de neden oldugu arastirmact-
lar tarafindan ortaya konulmustur. Bununla bitlikte s6z konusu
degisimlerin degisken oldugu ve hastaliktan etkilenen hayvan-
larin hemen tamaminda farkli dizeylerde gergeklestigi bildiril-
mektedir (13,14). Nordlund (15) rasyonda bulunan lif oranina
gbre digkt kivaminda degisimlerin bulanabilecegini bu ylzden
isletmelerde SARA’ nin tanisin konulmasinda ve monitotizas-
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yonunda kullaniminin ¢ok giivenilir olmadigint savunmaktadir.

S6z konusu arastirmada, Aydin bolgesinde bulunan SARA
tanust konulmus bir isletmede rumen pH’ sindaki degisimlerin
saglikli ve sarali sigirlarda diskt skoru tizerine olan etkisinin be-
lirlenmesi ve daha genis popiilasyondaki aragtirmalar 151k tuta-
cak verilerin elde edilmesi amaglandi.

GEREC ve YONTEM
Hayvan Materyali ve Ornekleme Lslemi

Aragtirma kapsaminda Aydin ili siurlari icerisinde bulunan
200 bas sagmal kapasiteli isletmedeki erken laktasyondaki mul-
tiparéz holstayn 1kt siit inekleri kullanddi. Erken laktasyon
grubu igerisinde bulunan siit ineklerinin beslenme rejiminde
Tablo 1’ de belirtilen formulasyonun kullanildigt ve bahsedilen
grubun dogum sonrast 70 giin boyunca aynt rasyonla beslen-
digi 6grenildi.

Subakut ruminal asidozisin tanisinin konulabilmesi ve islet-
medeki sigirlarin degerlendirmesi amaci ile gida alimindan 4
saat sonra Garrett ve ark (16) belirttigi sekilde rumen icerik
sondast araciligi ile rumen sivist Srneklemeleri teknigine uygun
olarak gerceklestirildi (Resim 1).

Resim 2 Rumen stvt 6rneklerinin dijital pH metrede él¢iminiin
yapilmas.
Picture 2 Measurement of rumen liquid samples at digital pH

Resim 1 Rumen sivist 6rnekleme islemleri.
Picture 1 Rumen fluid sampling procedures.

Elde edilen rumen sivilart beher kaba alinarak portabl bir
pH metre (EDGE pH meter, HANNA, Spain) yardimi ile pH
degerleri hasta basinda 6l¢ildid (Resim 2).

Rumen sivist pH degerinin 5.5 ve 5.8 araliginda bulunan
hayvanlarin subakut ruminal asidozis oldugu kabul edilip hasta
grubu olarak degerlendirildi. Rumen sivist pH degeri 5.8 in
tizerinde olan sit inekleri ise saglikli gruba dahil edildi (17).

Rumen sivist 6rneklemelerinin hemen akabinde digk: skor-
lart ayn1 kisi tarafindan Melendez ve Roy (18) belirttigi sekilde
(Skor 1; sivi kivamda, yayilmus, sekilsiz ve ¢apt 50’ cm’den fazla
miktarda Skor 2; diski skor 1’ e nazaran daha kati kivamda,
capt en fazla 30 cm yayilmis Skor 3; pasta kivaminda, ¢ok fazla

Resim 3 Fekal skorlama yapilan diskt 6rnekleri.
Picture 3 Fecal scored stool samples

kat1 ve sert olmayan, ¢apt en az 30 cm ve yuvarlak sekilli Skor
4; sert, kuru gérintimli, en az 30 cm ¢apinda) gerceklestirildi
(Resim 3).

Lstatistifesel Analizler

Subakut ruminal asidozis ve saglikli gruplara ayrilan hay-
vanlara ait rumen pH degerleri ve fekal skorlarin tanimlayict
istatistikleri yapildiktan sonra, her grubun kendi icerisinde Pe-
arson korelasyon analizleri gerceklestirildi. Gruplar arasindaki
farkliligin belirlenmesinde ise Mann-Whitney U testinden ya-
rarlanilds. Tstatistiksel analizlerin tamaminda SPSS 21.0 (IBM,

MAE Vet Fak Derg, 3 (2): 130-134, 2018



Chicago, USA) programindan yararlanilarak tim analizlerde
p<0.05 degeri anlamli kabul edildi.

BULGULAR

Sagliklt ve subakut ruminal asidozisli ineklere ait rumen pH’
st ve fekal skorlarin ortalamalarinin istatistiksel anlamli farkls
oldugu belitlendi (Tablo 2). Saglikli hayvanlarin rumen pH’ st
ile fekal skorlar1 arasinda distik diizeyde istatistiksel 6nemi bu-

Tablo 1 Rasyon igerik bilesimi.
Table 1 Composition of ration content.

Bilesen %XKuru Madde (KM)
Muisir Silaji (%35 KM) 49,79
Saman 15,80
Aygicegi Kiispesi 4,45
Soya Kiispesi 6,75
Bugday Kepegi 22,76
Dikalsiyum Fosfat 0,10
Kalsiyum Karbonat 0,25
Tuz 0,05
Vitamin ve Mineral Karisim1 0,05
Kimyasal Igerik ve Beslenme Etkisi
NDE, % KM 45,80
Gunlik KM titketimi 19,77
Ham protein, % KM 14,5
Ca, % KM 0,45
Nel, Mcal/kg KM 0,45

Tablo 2 Sagliklt ve SARA’ It sigirlardaki rumen pH” st ve Fekal skor
degerlendirmelerinin tablosu.
Table 2 Table of rumen pH and Fecal score assessments in healthy

and SARA cattle.

Rumen pH Fekal Skor

Saglikli (n=30)
SARA (n=20)

6,4930 - 0,05436
5,2550 - 0,03668
0,05

3,0167 - 0,01667
2,5500 - 0,03441

p value 0,05

lunmayan bir korelasyon oldugu (r=0.25) ancak SARA oldugu
tespit edilen hayvanlarda ise negatif yonde istatistiksel anlam-
i zayif bir korelasyonun (r=-0.50) bulundugu belirlendi. Sa-
cilim grafikleri incelendiginde ise (Resim 4) sarali hayvanlarin
(n=20) rumen sivisindaki degisimlerin yalnizca %24 diizeyinde
(R*=0.24) fekal skoru yansittd: tespit edildi

TARTISMA

Son on yil icerisinde, siit ineklerinin artan verim 6zellikleri
besin ihtiyaclarinin karsilanmasinda zorluklar meydana getir-
mis ve beraberinde gelen yonetimsel sorunlar subklinik has-
taliklarin gériilmesinde artislara yol agmustir (19). Ozellikle
erken laktasyondaki sigitlarin enerji ihtiyaglarinin karsilanmast
amaci ile lif bakimindan dustik karbonhidrat bakiminda ise
zengin beslenmesi ile iligkili olarak s6z konusu hastaligin arttig:
bircok arastirmact tarafindan bildirilmektedir (20,21). SARA’
nin tanumi ve Ozellikle ruminal pH’ nin s6z konusu hastalik ile

Ortlek, Erdogan, Ural ve ark.
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Resim 4 Saglikli (n=30) ve SARA’ It (n=20) sigirlardaki rumen pH’
st ve Fekal skor degerlendirmelerinin sagilim grafigi.
Picture 4 Spread chart of rumen pH and Fecal score evaluations in

healthy and SARA cattle.

iliskili olarak yapilan gesitli arastirmalarda farkldiklar gosterdigi
bildirilmektedir (22). Calismamiz kapsaminda degerlendirilen
isletmede bulunan hayvanlarda SARA tanist i¢in rumen pH de-
geri 5.2 ile 5.8 aralig1 kabul edilmis ve isletmede kontrol edilen
erken laktasyon donemindeki 50 hayvandan 20’ sinde SARA
bulundugu tespit edilmistir.

Fekal skorlama sistemi, digskinin fiziksel 6zelliginin yapist-
nin degerlendirilmesine dayanan Ireland-Perry ve Stallings (23)
tarafindan tanimlanip, Melendez ve Roy (18) tarafindan giin-
cellenen fekal materyalin kivami ve fiziksel yapisina dayanan
6zellikleri tanimlanarak yapilmaktadir (kivamui, yere distigin-
de dagildigs yar1 gapy, sekilsel yapust, su igerigi). Arastirmamizda
kullanilan skorlama sistemi aragtirmactlarin belirttigi Slctitler
cercevesinde gerceklestirilmis ve SARA tanist kapsaminda ru-
minal pH ile arasindaki iligkiyi bildiren ilk arastirmadir.

Siit sigirlarin da rasyonun ve rumen pH degisimlerinin yapil-
dig1 calismalarin agirliklt olarak Pen State elegi yardimi ile ya-
pilan partikiil buyikliklerinin hesaplanmast ve degisimlerinin
incelenmesine yonelik arastirmalar oldugu gorilmektedir (24-
27). Ozellikle rasyonda bulunan partikiil biyikliginin >19
mm’den biytk oldugu durumlarda cigneme aktivitesi, tlikiirtik
sekresyonu rumen pH’ st ve hayvanin genel saglik durumunun
olumlu yonde etkilendigi bir¢ok arastirmaci tarafindan belir-
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tilmistir (28-32). Arastirmamiz kapsaminda erken laktasyon
dénemindeki hayvanlara sunulan rasyonda partikil buyikligt
Olgimil yaptlmamis olup yalnizca SARA varliginda fekal skor-
lardaki degisimin degerlendirilmesi gerceklestirilmistir. Aragtir-
mamizda degerlendirilen saglikli hayvanlarin fekal skorlarinin
skor 3 seviyesinde yogunlastigi gorilirken, SARA’ It hayvan-
larin ¢cogunlugunun Skor 2,5 seviyelerinde oldugu gézlemlendi
(Resim 4).

Subakut ruminal asidozis gorilen sigirlarda diskinin parlak
sarimsi renkte tatlimsi bir kokusunun yaninda igerisinde kiiciik
gaz kabarciklart ve icerisinde sindirilmemis konsantre yem
partikiilleri bulunmaktadir (13). Deneysel olarak olusturulan
SARA olgularinda fekal pH’ da degisimlerin olmadigs belirtil-
mektedir (33). Bunun yaninda fekal pH degisimlerinin ve ki-
vamin takibinin isletmelerde SARA” nin monitérizasyonunda
sinirlt bir 6lgiit olabilecegi dustiniilmektedir (15). Buna karsin
bir¢ok arastirmact da siit isletmelerinde sekillenen ishal olgu-
larinin SARA ile dogrudan iliskili oldugunu da bildirmektedir
(11,13,34). Arastirmamizdaki hayvanlarin rumen pH’ lart
ve fekal skorlamalarinin karsilastirilmasinda fekal skorlamada
meydana gelen degisimlerin yalnizca %24’ tinin rumen pH’ s1
ile iliskili oldugu gorilmustir.

Diskt skorlamasi yonteminin, SARA’ nin tanisina ulagilma-
sinda rutin konvensiyonel belirteglere katk: saglayacak bir pa-
rametre oldugu disinilmektedir. S6z konusu arastirmamizda
Rumen pH’ st ile digkt skoru arasinda yapilan korelasyonun ya-
zarlar tarafindan yetersiz oldugu da distintilmekte ve bu duru-
mun ¢alisgmanin kisitlayict unsurlart arasinda yer aldigt kanisini
dogurmaktadir. Calismanin ilerleyen yillar icerisinde daha genis
surtilerde ve diger parametrelerinde dahil edilmesi ile cok daha
anlaml korelasyonlara ulasilacag: distinilmektedir.

Rasyon bilesimleri icerisinde sindirilebilir karbonhidrat mik-
tartnin yliiksek olmast ya da seliilloz miktarinin distik olmasina
bagli olarak istenilen ruminal fermentasyon zamanlarina uzak-
lasilmakta ve rumen bosalma zamaninda kisalma yonlii degi-
simlere neden olmaktadir. Bu durum yalnizca SARA gelisimi-
ni degil beraberinde icerigin mikrobiyatasindaki degisimler ile
birlikte fermentasyon stireclerine de yansimakta ve diskidaki
sivi yikiintinde artmasina neden olmaktadir (35). S6z konusu
bilgiler 1s131nda, incelenen isletmedeki rasyonun NDF degerle-
rinin (Tablo 1) diskidaki sivi yitkiine ve SARA gelisimine katki
saglayabilecegi diisinilmektedir. Siirti bazinda yonetimsel ola-
rak yapilan saglik degerlendirmelerinde, fekal skorlarin deger-
lendirilmesinin ¢ok yonlii bir parametre oldugu, fermentasyon
bozukluklart temeline dayanan hastaliklarin tanisindan basla-
yan ve rasyonun kimyasal iceriginin dahi gézden gecirilmesini
saglayacak olan Olgilebilir klinik bir parametre oldugu goriil-
mektedir.

SONUC

Sonug olarak erken laktasyon dénemindeki SARA’ It hayvan-
larda rumen pH’ st ile fekal skorlama arasinda zayif bir iliskinin
bulundugu, klinik degetlendirmelerin yapildigt isletmelerde fe-
kal skorlamasinin yalniz basina SARA tansinin konulmasinda
yeterli olmadigi sonucuna varildi.
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Erkege baglt infertilite, genetik ve epigenetik nedenlerden kaynaklanan karmasik etiyoloji, dél veriminin
normal sinirlar altinda bulunmasina sebep olan bir hastaliktir. Infertilite ile spermatozoonun genetik
yapisi arasinda kuvvetli bir bitliktelik bulunmaktadir. Cesitli i¢ ve dis kaynakli sebeplerden dolay1 sper-
matozoonun Deoksiribo ntikleik asit (DNA) yapisinda farkli diizeylerde hasarlar meydana gelmektedir.
Infertil erkeklerde spermatozoon DNA hasart yitksek olarak saptanmaktadir. Cesitli DNA hasar tamir
mekanizmalart DNA’da meydana gelen hasarin tipine uygun olarak devreye girmekte ve hasar tamirinin
gerceklestirilmesi sonucu genomik kararlilik korunmakta ve hiicre yasamint strdiirebilmektedir. Hasar
nedenlerinin ¢ogalmasi, onarim mekanizmalarindaki aksakliklar gibi nedenletle hiicre 6limd, fertili-
zasyon kapasitesinde azalma, spermatozoon genom bitiinligiinde bozulma, infertilite ve mutasyonlar
meydana gelebilmektedir. Spermatozoon DNA’sinda sekillenen bu hasarlarin tespiti amaciyla tek hiicre
jel elektroforezi, tunel, spermatozoon kromatin yapist analizi gibi bircok metot kullanilmaktadir. Mev-
cut veriler 1s1g1nda, daha iyi kalitede spermatozoonlara sahip olan hayvanlarin seciminde, reprodiktif
biyoteknolojiler ve yardimei tireme tekniklerinde spermatozoon se¢imi 6nemli olsa da, erkek infertili-
tesi tani ve tedavisinde spermatozoon DNA hasart olup olmadiginin degerlendirilmesi ayr1 bir 6nem
arz etmektedir.

The role and importance of spermatozoon dna damage in male infertility

ABSTRACT

Infertility is a disease with complex etiology resulting from genetic and epigenetic causes, which causes
the fertility to be under normal limits in males. There is a strong association between the infertility and
the genetic structure of the spermatozoon. Due to various internal and external causes, different levels
of damage can be occur in to the spermatozoon (Deoksiribo nucleic acid) DNA structure. Infertile
men have high spermatozoon DNA damage.. Various DNA damage repair mechanisms are join in ac-
cordance with the type of damage that occurs in DNA and the completion of damage repair preserves
the resulting genomic stability and can lead to cell survival. The causes of cell death, reduction in fer-
tilization capacity, deterioration in the integrity of the spermatozoon genome, infertility and mutations
can occur due to the proliferation of damage causes and deficiencies in repair mechanisms. Many met-
hods such as the single cell gel electrophoresis, tunel, spermatozoon chromatin structure assay are used
to measure spermatozoon DNA damage. In the light of existing data, although selecting quality of
spermatozoa are important in reproductive biotechnology and assisted reproductive techniques, evalu-
ating spermatozoon DNA damage is special importance in diagnosis and treatment of male infertility.

GIRIS

fertilizasyon yeteneginin tam olarak degerlendirilmesinde sper-

Erkege bircok in vivo ve in vitro calismada gosterilmistir.
Spermatozoon Deoksiribo ntkleik asit (DNA) hasarina bag-
li olarak gelisen infertilite, genetik ve epigenetik nedenlerden
kaynaklanan karmastk etiyolojili bir hastaliktir. Spermatozoo-
nun genetik yapisindaki bozulma ile infertilite arasindaki iliski,
fertilizasyon sansinin tahmin edilmesinde ve olusan embriyo-
nun maruz kalabilecegi muhtemel risklerin belirlenmesinde
O6nem kazanmaktadir (1, 2).

Gintimiizde insanlar ve bir¢ok hayvan tird i¢in spermanin
maniptlasyonlar, in vitro fertilizasyon, klonlama ve transge-
nezis gibi reprodiktif biyoteknolojilerin etkin sekilde kullani-
mut biyik 6nem kazanmustir. Dolayistyla, sperma kalitesinin ve

Bu makaleye atifta bulunmak icin/ To cite this article:

matozoon DNA bitinligint degerlendiren testler daha ¢ok
6n plana g¢ikarilmasi yontinde bir egilim olugsmustur. Sperma-
tozoon DNA bitinligini degerlendiren testler 6zellikle daha
iyi kalitede spermatozoonlara sahip olan hayvanlarin secimin-
de 6nemli bir role sahip olup, aynt zamanda yardimet ireme
tekniklerinin uygulandigi durumlarda spermatozoon seg¢imin-
de bagvurulmasi gereken testlerdir (1, 2, 3).

Bu derlemenin amacy; spermatozoonun fertilite potansi-
yelinin temel belitleyicisi olan DNA yapisint glincel verilerin
s181nda incelemek, spermatozoon DNAsinda olusan hasarla-
rin fertilite acisindan 6nemini ve bu hasart olusturan faktorleri
ortaya koymak olmustur. Ayrica, bu hasarlarin erkek damizlik-
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larin fertilite potansiyeli tizerindeki etkilerinin degerlendirmesi
konusunda tespit ve 6nerilerde bulunulmustur.

Spermatozoon ve DNA Yapis1

Erkek tireme hiicresi ilk kez Johan Hamm ve Leeuwenhook
(1677) tarafindan gbzlenmis ve mikroskobik gérintimi tarif
edilmistir. Ancak, bu arastirmacilar spermatozoonlarin fertili-
zasyondaki rolinii yanlis anlamislardir. Onlara gbre sperma-
tozoonlar minyatiir insan sekillerini tagimakta ve bunlar disi
treme kanalinda buytyip gelismekteydi. Erkek tireme hiicresi
baslangicta bir hayvanciga benzetilmis ve Karl Ernst V. Baer
(1827) tarafindan “spermatozoon” adt verilmistir (4). Sperma-
tozoon DNA%s1, benzersiz bir bi¢cimde kompakt haldedir ve
somatik hiicrelerinkinden buytk 6l¢tide farkli olarak organize
edilmektedir. Bu DNA organizasyonu, ¢ok stk1 sarilmis genetik
bilginin oosite aktarilmasini saglamakla kalmayip, aynt zaman-
da DNAnin gelismekte olan genetik bilgiye erisebilmesi i¢in
embriyolara uygun fiziksel ve kimyasal bir bicimde verilmesi-
ni saglamaktadir (5). Ward (1997) yapmis oldugu calismalari
ve diger arastirma temellerini baz alarak spermatozoon DNA
paketlemesi icin Sekil 1’de de g6sterilmis olan bir model sun-
mustur. Bu modelde, olgun spermatozoonun DNA paketlen-
mesinde; (I) Nukleer halka tarafindan kromozomal baglanma,
(II) spermatozoon DNA halka alan1 organizasyonu, (III) pro-
tamin dekondensasyonu ve (IV) kromozom organizasyonu ol-
mak lzere dort asama belirtilmektedir. Sunulan bu modelde,
spermatozoon ¢ekirdeginin organizasyonunun karmasikligi-
na vurgu yapilmakla bitlikte, DNA'daki anormalliklerin genel
olarak niikleer organizasyonda bozulmalara sebep olabilecegi
varsayimt da desteklenmektedir (6). Spermatozoon niikleusun-
da paternal genom fonksiyonel olarak duragan kalmakta ve
DNA’sint protaminlerle paketledikten sonra bu durumunu ko-
rumaktadir (7). Bu durum, spermatozoonun niikleer hacmin-
de dikkat cekici bir azalma ile fark edilen morfolojik degisimle
belirgin hale gelmektedir. Olusan bu degisikliklere ragmen,
hem insan hem de hayvan spermatozoonu genomu boyunca
tesadifi olmayan bolgelerinde distik seviyede niikleozomlatla
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Sekil 1 Spermatozoon DNA paketlenmesi.
Figure 1 DNA damaging of sperm.

Sperm nikleer
matriksi

(histonlar) paketlenmis olarak kalir (8).

Spermatozoonun Genetik Yapisindaki Hasarlar ve
Onemi

1990’h yillardan beri DNA hasarlarinin kékeni olarak du-
suntlen kromatin paketlenmesi ile iliskili 3 yaklasgtm 6ne si-
rilmistir. Bunlardan birincisi, DNA hasart ve zayif kroma-
tin paketlenmesi arasinda nedensel bir iliski bulunmasidir. Bu
yaklasimda, spermiyogenezis sirasinda ortaya ctkan hatalar
sebebiyle, zayif sikistirllmis spermatozoon kromatin paket-
lenmesine yol agarak, spermiasyon ve ejakilasyon arasindaki
bir noktada DNA parcalanmasina duyarlilik durumu olusmak-
tadir. Tkincisi, DNA hasart ve zayif kromatin paketlenmesi
arasindaki bagimsiz bir iliskidir. Bu yaklasimda, spermatozo-
on hicrelerine 6zgl epigenetik dlzenlenmenin (protaminas-
yonun) ve DNA parcalanmasinin, spermiyogenezisin altinda
yatan kalitesini yansitan bagimsiz fenomen oldugunu kabul
eder. Buna gbre; DNA paketlenmesi ile iligkili olarak torsiyo-
nal stresi gidermek i¢in spermatidlerde fizyolojik olarak DNA
kirtklart olusur, gama H2AX (gamma- H2AX; H2A histonu
ailesi, X iyesi) tarafindan histon fosforilasyonu ile isaretlenir
ve spermatozoa germinal epitelyumdan salinmadan 6nce to-
poizomeraz tarafindan tamamen kararlt hale getirilir (9). Ugiin-
ciisti ise DNA hasart ve kromatin paketlenmesi arasindaki iligki
bir artefakttir. Bu yaklasimda, ilk calismalardaki DNA hasar
tespitlerinde kullanilan yontemlerde bir DNA sekansinin he-
def niikleotidlerini etiketlenmis analoglariyla degistirmek icin
enzimlerin kullanimina bagli olmast gercegine dayanmaktadir.

Bu ti¢ yaklagimdan hangisinin dogru oldugunu aydinlatmak
i¢in germ hattinda DNA hasarinin indiiklendigi mekanizmala-
rin incelenmesi gerekmektedir (9). Ejakilattaki spermatozoon
DNA hasarindan sorumlu faktdrler halen tam olarak acikliga
kavusamamistir. Spermatozoonda olusan DNA hasarina insan
ve fare, at, domuz, balik gibi pek ¢ok hayvan tiiriinde rastlan-
maktadir (10). DNAda olusan bu hasarlarin baslicalari; kroma-
tin yapisinin bozulmasi, DNA bazlarinin oksidasyonu, yanlis
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toroid yapisi

F
DNA duyarh toroid
baglayic bolge

MAE Vet Fak Derg, 3 (2): 135-140, 2018



eslesme ve tubulin polimerizasyonun baskilanmasi, bazlarin
kimyasal olarak degismesi, kromatin yapisindaki anomaliler,
DNA zincirinin kirtlmasi, DNA-DNA ve DNA-protein ¢ap-
razlasmalari, DNA da mutasyonlar gibi bir takim yapisal bo-
zulmalardir. DNA hasariyla karsilasan bir hiicre i¢in t¢ secenek
vardir. Birincisi, apoptotik yolu aktive etmektir. Bu aktivasyon
hiicreleri yok edecek ve canliligs zayiflatarak hiicre Slimiine yol
acacak olan bir siirectir. Tkinci secenek, olusan hasari tolere et-
meye ¢alismak olup, bu secenck yeni nesillerde mutasyona ne-
den olabilmektedir. Ugiincii ve en iyi secenek ise hasart onar-
maktir. Bu onarim sistemleri, organizmalari korur ve genomik
biitiinliigiin korunmasi igin kisa stirede hasar1 neredeyse tama-
men onartr. Zaten onarilamayacak durumda ise hiicrenin di-
rekt olarak apoptozis ile 6lume gitmesi kac¢inilmazdir (11, 12).

Spermatozoon DNA Hasar Sebepleri

Spermatozoon kromatin/DNA yapisinda meydana gelebi-
lecek hasarlarin asagida belirtilen potansiyel sebeplerden kay-
naklandigi distintilmektedir.

I¢ Kaynakli Sebepler

Olgun spermatozoonun stkistirlmis kromatininde DNA-
DNA veya DNA-protein krossing over olusmast somatik htic-
relere gore daha fazla sekillenmektedir. DNA hasarli sperma-
tozoa popiilasyonlarinda ¢apraz baglanmis kromatine siklikla
rastlanilmaktadir ve molekiler dlciide temeli halen daha tam
olarak bilinmemektedir (13). Kromatin paketlenmesi, histon-
larin hiper-asetilasyonuyla kromatini gevsetmek ve topoizo-
meraz tarafindan kirtlmalarini baglatmak icin endojen niikleaz
aktivitesine ihtiya¢ duyan bir adimi1 icermektedir. Epididimal
taginma sirasinda yeni protamin ¢ekirdegi etrafindaki kromatin
paketlenmesi tamamlanarak DNA butinligi eski haline ge-
tirilmektedir. Bununla birlikte, gecici kirtlmalar onarilamazsa,
ejakiilattaki spermatozoonlarda DNA kirilma hasarlart olusa-
bilmektedir (13, 14). Spermatozoon protamin ekspresyonun-
daki degisiklikler erkek infertilitesiyle dogrudan iliskilidir. Geg
spermiyogenezis sirasinda ¢ok asamali bir siirecle % 85-95
oraninda histonlarin yerini protaminler almaktadir. Histonlar
hiperasetilasyon altinda olup, 6ncelikle testislere 6zgii histon-
larla ve ardindan da gecis proteinleriyle yer degistirmektedir.
Daha sonrasinda gecis proteinleri Protamin 1 (P1) ve 2 (P2)
ile degistirilir. P1 ve P2 normal olarak spermatozoonlarda 1: 1
oraninda ifade edilmektedir ve spermatozoon DNAsinin siki
bir sekilde paketlenmesini saglarlar (15). Anormal derecede
yiiksek veya distik P1/P2 oranlari ile spermatozoon DNA ha-
sarlarinda artig, fertilizasyon oranlarinda, embriyo kalitesinde
bozulmalar ve dustik gebelik oranlart arasinda kesin olarak ilis-
ki bulundugu bildirilmektedir (16). Erkek germ hiicreleri trans-
kripsiyonel ve translasyonel olarak sessiz olduklarindan dolayz,
bu hicreler yiksek oranda farklilagsmis spermatidlere doni-
sturlerken, apoptozis ile programlanmis hiicre 6limiine maruz
kalmalar1 giderek azalmaktadir. Hiicre 6limine sebep olarak
apoptotik cevap olusturarak farkllasan haploid germ hiicreleri
cekirdek icinde DNA hasarina neden olan streci kisitladikla-
rinda, fertilizasyon yetenegini kaybetmemis olgun spermatozo-
onlar olusabilmektedir (17).

Reaktif oksijen tiirlerinin (ROS) fizyolojik diizeyleri somatik
hticrelerde oldugu gibi spermatozoon fonksiyonlarinin diizen-
lenmesinde de 6nemli rol oynamaktadir. ROS tiitleri olduk¢a

Yal¢in, Cevik

reaktiftir ve DNA molekilii de dahil olmak tizere herhangi bir
hticre yapisina direkt olarak zarar verebilir. Spermatozoonlarin
karisik biyokimyasal yapisinda ROS’lar sinyal dontstiriictler
olarak 6nemli gérevler tstlenmektedir. Olgunlasma, hiperak-
tivasyon, kapasitasyon, akrozom reaksiyonu ve spermatozo-
on-oosit flizyonu gibi olaylarda ROSun katki sagladigr bilin-
mektedir (18). Spermatozoon fonksiyonlari tzerinde 6nemli
gbrevlere sahip olan ROS, organizmada antioksidan savun-
ma sistemlerini asan diizeylere ulastiginda patolojik etki g&s-
termektedir. Spermatozoon DNA'nin sikica paketlenmesi ve
seminal plazmada antioksidanlarin bulunmasi, spermatozoon
DNA’sinin ROS saldirtlarina karst korundugu teorisine ragmen
yine de oksidatif stresin DNA hasatlarina neden oldugu ve bu
hasarlarin da erkek infertilitesinde 6nemli bir yer tuttugu bildi-
rilmektedir (18, 19). Ayrica son yillarda yapilan arastirmalarda,
yitksek ROS seviyeleri tireten olgunlasmamis spermatozoon-
larin, olgun spermatozoonlarda DNA hasarinda artisa neden
oldugunu 6nemle vurgulanmaktadir. Bu hasar, seminifer ti-
bullerden epididimise spermiasyon sonrasinda ve ejakiilasyon
sonrasinda ortaya ¢ikmaktadir. ROS spermatozoon DNA’sina
dogrudan veya dolaylt olarak kaspaz veya endoniikleaz akti-
vasyonlart yoluyla zarar verebilir. Olgunlasmamis spermatozo-
onlarin, olgun spermatozoonlar ile birlikte santrifiij edilmesi
olgun spermatozoonlarda DNA hasarina neden olabilir, ¢inkt
bu kosullar altinda olgun ve olgunlasmamis spermatozoonlar
yakin temas halindedir (19).

Di1s Kaynakli Sebepler

Sperma alma yontemleri (suni vajen, elektrojakiilasyon vb.),
sperma alma mevsimi (mevsimsel kizginlik gosteren hayvan-
larda sezon ici ya da dist durumu), sulandiricilar ve 6n islem
prosedirleri (yitkama protokolleri) spermatozoon DNA kali-
tesi Uzerinde 6nemli etkilere sahiptir. Yetistirme mevsiminde
alinan ve uygun sulandiricilarla sulandirilan sperma 6rnekle-
rinde ve sperma alma yontemi olarak suni vajen ile toplanan
ejakilatlarda daha iyi spermatozoon kalitesi gbézlendigi bildi-
rilmektedir (20). Ancak, tlrler arasinda ve hatta ayn tiirtin bi-
reyleri arasinda da cesitli farkliliklar bulunmaktadir. Tim tiir-
lerde, ejakiilasyon sonrast spermada bakteri tiremesi nedeniyle
spermatozoon DNA hasarinda belirgin bir artis olugsmakta ve
bu nedenle uygulanan antibiyotik ilavesi ile enfeksiyona bagh
olarak olusan DNA hasar diizeyleri de azaltilabilmektedir (21).
In vitro fertilizasyon uygulamalarinin spermatozoon DN A’sina
zarar vermedigi gibi histon icerigini de etkilemedigi bildiril-
mistir. Ayrica in vitro embriyo Gretimi amacl spermada daha
yitksek motilite orani sagladigi ve DNA hasarini azalttigy igin
Percoll ve Swim-up separasyon tekniklerinin kombinasyonu
Onerilmektedir (2, 22). Yapilan calismalar, geyik ve domuz gibi
tirlerde cinsiyet tayini yapilmasinin spermatozoonlarin DNA
kalitesini etkilemedigini géstermistir. Ancak, boga spermast
Uzerine c¢alismalar halen devam etmektedir (23). Spermato-
zoon DNA%sina kriyoprezervasyon ve depolama sicakliginin
etkisi bircok tirde incelenmis ve sogutma asamasinda uygula-
nan 5-15°C arasindaki sicakliklarin, 20-37°C araligindaki gibi
daha yiiksek sicakliklara oranla spermatozoon DNA’sini uzun
sure korudugu bildirilmektedir. Ortam sicakligi arttikca aygir,
tavsan, kopek ve boga spermatozoonlarinda DNA hasarinin
arttigt bildirilmektedir (24). Spermanin kriyoprezervasyon asa-
masindan énce ve sonra spermatozoon DNA hasari tzerine
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vapilan farkli calismalarda, kriyoprezervasyonun DNA hasari-
na sebep oldugu belirlendigi i¢in dikkatle ele alinmasi gereken
bir konudur. Simdiye kadar analiz edilen tim memeli tiirlerinde
gbzlemlenen, spermatozoon DNA kalitesinin diferansiyel ve
tire 6zgi dinamik kaybinin, reprodiiktif sonuglar tizerine ne-
gatif etkiye sebep olabilecegi unutulmamalidir (25). Bazi agilar
negatif olarak spermanin DNA kalitesini etkileyebilmektedir.
Subkutan olarak uygulanan Miloxan’tn (Clostridium perfringens
tip C, D ve C. vedematiens tip B) kog¢ spermasinda DNA hasarli
spermatozoon ylzdesini 10 kat artirdigt kanitlanmistir. Bu ne-
denle asilamadan en az bir ay sonrasina kadar sperma 6rnek-
lerinin toplanmasindan kaginilmalidir. Ancak, bu negatif etki
geri dontstimli olabilmektedir (26).

DNA Hasarinin Tamir Mekanizmalari

Memeli germ hiicrelerinde bilinen ana tamir mekanizmala-
r1; (a) nikleotid eksizyon tamiri, (b) baz eksizyon tamiri, (c)
uyusmazlik onarimi, (d) replikasyon sonrast tamir ve DNA c¢ift
zincir kopma onarimr’dir. Son yillarda DNA sarmal kiriklari-
nin tamir mekanizmast ve biyolojik 6nemi ile ilgili 6nemli yeni
bilgiler elde edilmis ve DNA sarmal kiriklarinin oldukea toksik
bir DNA lezyonu oldugu tanimlanmistir. Ciinkii kromozom
parcalanmasina, kromozom etki kaybina, translokasyonlara
veya farkli genom diizenlenmelerine neden olabilirler (11).
DNA hasar tamiri icin ¢esitli yollar gelismistir. Memeli hiicre-
lerindeki en 6nemli DNA hasar tamir mekanizmalari, homolog
olmayan uglarin birlestirilmesi ve homolog rekombinasyonu-
dur. Homolog rekombinasyonu hasarsiz bir tamir sablonu kul-
lanarak dogru DNA hasart onarimt saglarken, homolog olma-
yan uglarin birlestirilmesi ile dogru bir onarim saglanamaz. Her
iki yol da memelilerde aktif olsa da, iki onarim yolunun genom
stabilizasyonuna goreceli olan katkist farklt hiicre tiplerinde
degisiklik gostermektedir.

Tamir mekanizmalarinin biyolojik 6nemi tizerinde duruldu-
gunda tamir mekanizmast spermatogenezis sirasinda ve dol-
lenmis oosit ile erken embriyonik gelisim sirasinda olmak tizere
2’ye ayirip incelenebilir (21).

Spermatogenezis Sirasindaki Tamir Mekanizmasi

Bilindigi Gizere spermatogenezis ¢ farkli asamadan olusur.
Birincisi, spermatogonialarin mitotik bir seri boliinmeler so-
nucu primer spermatositlerin olustugu spermatositogenezis
evresidir. Tkinci asama, primer spermatositlerin mayotik bo-
linmeler ile haploid spermatidlere déniistigt asamadir. Sper-
miyogenezis olarak adlandirilan ti¢lincli agama ise spermatid-
lerin olgun spermatozoonlara déntisim evresidir. Bu nedenle,
germ htcrelerinin olgunlagsmasi haploid gamet tGretmek igin
kromatinin yeniden modellenmesi gerektiren olaganiisti ge-
nomik bir yapilanmay1 gerektirir (27). Bu islem sirasinda his-
tonlar DNA'dan ¢ikarilir ve 6nce TP1 ve TP2 gecis proteinleri
ve ardindan P1 ve P2 protaminleri ile yer degistirirler. Olgun
bir spermatozoonda, spermatozoon genomunun sadece kii¢iik
fakat iyi tanimlanmis fraksiyonu histon ile iliskide kalir. Sper-
matozoonda anormal sekilde yiiksek histon miktart varligi, o
hticrelerin fertilizasyon potansiyelinin azalmast ve fertilizasyon
sonrast embriyonik 6lim riskinin artmast ile iliskilendirilebilir
(28). Dolayistyla, spermatozoonlarda histon tutulumu ve pro-
tamin eksikligi idiyopatik infertilitenin sebeplerinden kaynakli
olabilir, ancak bu sebeplerin altinda yatan genetik ve mekanik

nedenler halen belirsizdir. Spermiyogenezis sirasinda histon-
dan protamin bazli kromatin’e gecis asamasinda DNA zinci-
rinde kirilmalar gegici fizyolojik bir durumla iliskilendirilir. Bu
DNA zincirindeki gegcici kirtlmalar spermiyogenezis boyunca
tim spermatidlerde devam eder ki bu kirilmalar spermiyoge-
neziste nitkleoproteinlerin degisimi sirastnda DNA’nin gevse-
mesiyle iliskilidir (29).

Oosit ve Embriyonik Gelisim Asamasindaki Tamir
Mekanizmasi

DNA hasarli spermatozoon, iginde bulundugu hasarl duru-
ma ragmen fertilizasyon ve gelisim potansiyeline sahip olabilir.
Spermatozoon DNA parcalanma seviyesine bagl olarak ¢
durum beklenebilir: bazt durumlarda oosit tamir mekanizmala-
r1, DNA hasarint onarmak igin yeterli olmayabilir ve embriyo-
nun uterus icerisinde gelismesi ve implantasyonu basatisizlikla
sonuclanabilir ve sonraki asamada abort olusturabilir. Olusan
hasarin gametogenik DNA onarimindan kurtulmast veya spet-
matozoon hicrelerinde ekzojen faktdrlerden zarar gelmesi du-
rumunda hasar fertilizasyon boyunca basariyla onarilabilir (30).
Hentiz fertilize olmus bir embriyoda DNA hasatinin tamiri,
yumurtlamadan dnce oositte biriktirilen ve depolanan mater-
nal mRNAlar ve proteinler sayesindedir. DNA tamir genleri,
memeli gelisiminin ilk evrelerinde etki etmektedir. Oosit yete-
rince donanimli degilse veya zigot tamir geninin etkisi dogru
zamanda baslamazsa, embriyolarin Sliime gidecegi kesin bir
durumdur. Genomun biitinligi, embriyonik gelisim sirasinda
daha biiyiik bir risk altindadir ve DNA safhalarinin bu erken
evrelerdeki etkinligi bir organizma i¢in biyiik 6nem tasimak-
tadir (31).

Spermatozoon DNA Biitiinliigiiniin Degerlendirilme-
si

DNA bittiinligiint 6l¢en bir¢ok test mevcuttur. Bu testler-
de, spermatozoon DNA bitinligini 6lgmek icin kullanian
mekanizmalar farklilik gésterse de genel olarak birbitleri ile
korelasyon gostermektedir. Cesitli testler kullanilarak DNA
butiinligiiniin tespiti ve karakterizasyonu ile spermast iyi
dondurulabilir 6zellikte olan bogalarin se¢imi ve aynt zamanda
DNA hasartyla iliskili olma olasiligt yiiksek ¢esitli protokollerin
tanimlanmast kolaylagir. Béylece, sperma depolama prosedtir-
lerinin gelistirilmesine olanak saglar (32).
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Tablol DNA hasart tespit yontemleri.

Table 1 Methods for the determination of sperm DNA damage.

Teknik  Prensip Ol¢iim Avantaj Dezavantaj
COMET  DNA bitiinli- Flotesan TUNELe gore  Ozel donanim
g, tek ve cift mikroskop  ucuz, hassas gerektirmesi,
zincir kirtklarinin ve her bir tecriibeye
kuyruklu yildiz hiicredeki hasar  dayali olmas,
gorinimi gos- oranini dlgmesi  standardize
termesi edilmis
yontemlerin
bulunmamasi
TUNEL DNA fragmen- Floresan Klinik acidan Ozel donanim
tasyonu, tek ve mikroskop  uygun, yiiksek gerektirmesi,
cift zincir kirtk hassasiyet ve pahali olmasi
lgimi Flow Gzginlik, flow
sitometri sitometre ile
yuksek sayida
inceleme sanst
tanimasi
SCD Asit soltsyon, Floresan SCSAya gore Klinik anlami-
mikroskop  ucuz ve kolay nin yeterince
DNA denatii- bir islem olmas1  acik olmamast
rasyon,
DNA yapisinin
olusturdugu
karakteristik halo
yaplsl
SCSA Asit soliisyon, Flow Klinik olarak Cok pahali
sitometti anlamli yitksek ~ olmasi ve

akridin turuncu,

DNA denatiiras-

hassasiyete ve
Szginlige sahip

6zel donanim
gerektirmesi

olmasi, hata ora-
yonu 1 dastik 6letim

yapabilmesi

COMET: Tek Hiicre Jel Elektroforezi, TUNEL: Sperm DNA Hasar Testi, SCD:
Spermatozoon Kromatin Dagilimi, SCSA: Spermatozoon Kromatin Yap: Analizi

Spermatozoon DNA Hasarinin Fertilite Uzerine Etki-
leri

Erkek infertilitesinin baslica genetik nedenleri arasinda so-
matik ve mayotik hicrelerde yer alan kromozomal anomaliler
ve gen mitasyonlar yer almaktadir. Bu nedenler arasinda erkek
gametlerindeki DNA kusurlari, histon ve DNA’daki epigenetik
degisiklikler, baz degisiklikleri ve DNA fragmentasyonu ya da
DNA hasart yer alabilir (1). Spermatozoon DNA hasart etiyo-
lojisinde i¢ ve dis kaynakli gesitli sebepler rol oynamaktadir (33).
Seminal plazmadaki antioksidanlarin mevcudiyeti ve DNAnin
sik1 yapida olmasi, spermatozoonun ¢ekirdek DNA’sinin ROS
saldirilarina karst korundugu teorisine ragmen yine de ROS un
ve apoptosisin DNA hasarlarina neden oldugu ve bu hasarlarin
da erkek infertilitesinde 6nemli bir yer tuttugu bildirilmektedir
(18). Erkek fertilitesini korumak ve ayni zamanda hayvan tiir-
lerinde genetik iyilestirmeyi saglayabilmek icin kriyoprezervas-
yon isleminin spermatozoon DNA yapisinin olumsuz sekilde
etkilenecegi unutulmamalidir (25).

Spermatozoonda DNA hasari, hem dogal gebelik hem de in
vitro fertilizasyon veya intrasitoplazmik sperm enjeksiyonunda
gebelik olasiligini azaltmakta ve erken gebelik kayiplarint artir-
maktadir (33). Spermatozoon DNA bitiinliginin korunmus
olmasi, basarilt bir gebelik ve genetik materyalin sonraki kusak-
lara taginmast acisindan biiyiik 6nem tasir. Uremeye yardimct

Yal¢in, Cevik

tekniklerin kullaniminin ardindan tekrarlayan basarisizliklar er-
kek faktérintin 6nemini ortaya koymustur. DNA butinligt
korunmamis bir spermatozoon ile oositin fertilize edilebilmek-
le birlikte, gebelik olusmast ve gebeligin devaminin gercekles-
mesi olasihiginin ¢ok distik oldugu unutulmamalidir. Tim bu
nedenlerle; erkek infertilitesinin tani ve tedavisinde spermato-
zoon DNA hasart olup olmadiginin degerlendirilmesi ayr1 bir
6nem tagtmaktadir (2, 33).

SONUC

Sonug olarak, spermatozoon DNA kalitesi, genetik mater-
yali gelecek kugaklara aktarmak icin hayati 6nem tagir. Sperm
DNA bittinligiindeki degisiklikler, embriyonun ve dolayistyla
yavru anormalliklerinin gelismesinden sorumlu olabilmektedir.
Spermatozoonda olusan DNA hasarint 6lgmek amactyla cok
sayida yontem gelistirilmistir. Mevcut testleri kullanarak DNA
hasar degerlendirmelerinin yapilmasina karsilik, evrensel olarak
kabul edilen klinik esiklere yol acabilecek standart testlerin ve
protokollerin gelistirilmesi icin yeterli kaynak mevcut degildir.
Bu kaynaklarin elde edilmesiyle spermatozoon DNA hasarla-
rinin Ureme sonuclarindaki rolt etkin bir sekilde kavranacaktir.
Son galismalar, spermatozoon fonksiyonunu dizenleyen mo-
lekiiler mekanizmalarin aydinlatilmasiyla yeni tanisal testlerin
gelistirilebilecegini ortaya koymaktadir.

KAYNAKLAR

1. Jarow J, Sigman M, Kolettis PN, Lipsthultz LR, Nangia AK,
Pins GS, et al. Genetic screening. The Optimal Evaluation of
the Infertile Male: AUA Best Practice Statement. American
Urological Association 2010; 20-3.

2. Lewis SE, Agbaje IM. Using the alkaline comet assay in
prognostic tests for male infertility and assisted reproductive
technology outcomes. Mutagenesis 2008; 23(3): 163-70.

3. Ferlin A, Raicu F, Gatta V, Zuccarello D, Palka G, Foresta
C. Male infertility: role of genetic background. Reproductive
Biomedicine Online 2007; 14(6): 734-45.

4. Hassa H. Infertil Olgulara Klinik Yaklasim ve IVF Labora-
tuar Uygulamalari. 1. Baski. Eskisehir Osmangazi Universitesi
Yayinlart. Eskisehir 2003; s: 127-165.

5. Ward WS, Coffey DS. DNA packaging and organization
in mammalian spermatozoa: comparison with somatic cells.
Biology of Reproduction 1991; 44: 569-574.

6. Ward WS. Chromosome organization in mammalian sperm
nuclei. Genetics of Human Male Infertility 1997; 205-221.

7. Wykes SM, Krawetz SA. The structural organization of
sperm chromatin. Journal of Biology Chemistry 2003; 278:
29471-7.

8. Braun RE. Packaging paternal chromosomes with protami-
ne. Nature Genetics 2001; 28: 102.

9. Leduc F, Maquennehan V, Nkoma GB, Boissonneault G.
DNA damage response during chromatin remodeling in elon-

gating spermatids of mice. Biology Reproduction 2008; 78:
324-332.

10. Turk G, Aksu EH, Bozkurt T. Spermatozoon DN A’s1 hasa-
r1. Firat Universitesi Saglik Bilimleri Dergisi 2006; 20(1): 85-95.

MAE Vet Fak Derg, 3 (2): 135-140, 2018

o



Erkek infertilitesinde spermatozoon...

11. Brugmans L, Kanaar R, Essers J. Analysis of DNA doub-
le-strand break repair pathways in mice. Mutation Research
2007; 614: 95-108.

12. Menezo Y, Dale B, Cohen M. DNA damage and repair in
human oocytes and embryos. Zygote 2010; 18: 357-3065.

13. Bennetts LE, de Tuliis GN, Nixon B, Kime M, Zelski K,
McVicar CM, Lewis SE, Aitken R]. Impact of estrogenic com-
pounds on DNA integrity in human spermatozoa: Evidence

for cross-linking and redox cycling activities. Mutation Resear-
ch 2008; 641: 1-11.

14. Mengual L, Ballesca JL, Ascaso C, Oliva R. Marked diffe-
rences in protamine content and P1/P2 ratios in sperm cells
from percoll fractions between patients and controls. Journal
of Andrology 2003; 24: 438—447.

15. Carrell DT, Liu L. Altered protamine 2 expression is un-
common in donors of known fertility, but common among
men with poor fertilizing capacity, and may reflect other ab-
normalities of spermiogenesis. Journal of Andrology 2001;
22: 604-610.

16. Simon L, Castillo ], Oliva R, Lewis SE. Relationships
between human sperm protamines, DNA damage and assisted
reproduction outcomes. Reproductive Biomedicine 2011; 23:
724734,

17. Sakkas D, Seli E, Manicardi GC, Nijs M, Ombelet W, Biz-
zaro D. The presence of abnormal spermatozoa in the ejacula-
te: Did apoptosis fail? Human Fertility 2004; 7: 99-103.

18. Kothari S, Thompson A, Agarwal A, du Plessis SS. Free
radicals: their beneficial and detrimental effects on sperm fun-
ction. Indian Journal of Experimental Biology 2010; 48(5):
425-35.

19. Ochninger SC, Kruger TF. Erkek Infertilitesi Teshis ve Te-
davi. Ceviri Editort: Dog. Dr. Mete Kilciler, Habitat Matbaas,
Istanbul 2009; s: 1-240.

20. Jiménez-Rabadan P, Ramén M, Garcia-Alvarez O, Ma-
roto-Morales A, del Olmo E, Pérez-Guzman MD, Bisbal A,
Fernandez-Santos MR, Garde JJ, Soler AJ. Effect of semen
collection method (artificial vagina vs. electroejaculation), ex-
tender and centrifugation on post-thaw sperm quality of Blan-

ca-Celtibérica buck ejaculates. Animal Reproductive Science
2012; 132: 88-95.

21. Gonzalez-Marin C, Roy R, Lépez-Fernandez C, Diez B,
Carabafio MJ, Fernandez JL, Kjelland ME, Moreno JF, Gosal-
vez J. Bacteria in bovine semen can increase sperm DNA

fragmentation rates: A kinetic experimental approach. Animal
Reproduction Science 201; 123: 139-148.

22. Jayaraman V, Upadhya D, Narayan PK, Adiga SK. Sperm
processing by swim-up and density gradient is effective in eli-
mination of sperm with DNA damage. Journal of Assisted
Reproduction Genetics 2012; 29: 557-563.

23. De Ambrogi M, Spinaci M, Galeati G, Tamanini C. Viabi-
lity and DNA fragmentation in differently sorted boar sperma-
tozoa. Theriogenology 2006; 66: 1994—2000.

24. Lo CC, Thompson JA, Lowry VK, Varner DD. Effect of

storage time and temperature on stallion sperm DNA and fer-
tility. Theriogenology 2002; 57: 1135-1142.

25. Jackson RE, Bormann CL, Hassun PA, Rocha AM, Motta
EL, Serafini PC, Smith GD. Effects of semen storage and se-
paration techniques on sperm DNA fragmentation. Fertility
and Sterility 2010; 94: 2626—-2630.

26. Gosalvez |, Vazquez JM, Enciso M, Fernandez JL, Gosal-
bez A, Bridle JR, Lépez-Fernandez, C. Sperm DNA frag-
mentation in rams vaccinated with miloxan. Open Veterinary
Science Journal 2008; 2: 7-10.

27. Kimmins S, Sassone-Corsi P. Chromatin remodelling and
epigenetic features of germ cells. Nature, 2005;434: 583—589.

28. Carrell DT, Hammoud SS. The human sperm epigenome
and its potential role in embryonic development. Molecular
Human Reproduction 2010; 16: 37—47.

29. Marcon L, Boissonneault G. Transient DNA strand breaks
during mouse and human Spermiogenesis: New Insights in
Stage Specificity and Link to Chromatin Remodeling. Biology
of Reproduction 2004; 70-4,910-918.

30. Tomar DME, Chamberlin ], Allen L, Olson S, Donlon T,
Barton S, Sheehy R, Waggonner D. Preferential paternal origin
of de novo structural chromosome rearrangements. American
Journal of Human Genetics 1984; 36: 115.

31. Jurisicova A, Latham KE, Casper RF, Casper RF, Varmuza
SL. Expression and regulation of genes associated with cell
death during murine preimplantation embryo development.

Molecular Reproduction and Development 1998; 51: 243-253.

32. Lone SA, Shah N, Yadav P, Aurif Wagay M, Singh A, Sinha
R. Sperm DNA Damage Causes, Assessment and Relationship
with Fertility. Theriogenology 2017; 7(1): 13-20.

33. Krausz C. Male infertility: pathogenesis and clinical diag-
nosis. Best Practice Research Clinical Endocrinology Metabo-
lism 2011; 25(2): 271-85.

MAE Vet Fak Derg, 3 (2): 135-140, 2018



MAE Vet Fak Derg, 3 (2): 141-147, 2018

{

DOI: 10.24880/maeuvfd.433946

Review
Anatomy of respiratory system in poultry
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Key Words: ABSTRACT
gg?ﬁ?g}y Respiration is one of the functions that has vital importance for the continuity of metabolism. The
tespiratory system level of metabolic activity of a living organism is dependent on the respiratory system which mediates
the transport of oxygen to tissues and the accumulation of accumulated carbon dioxide. Naris, cavitas
Anahtar Kelimeles: nasalis, larynx, trachea, syrinx, bronchus primarius (mesobronchi), bronchi secundarii, bronchus tertia-
anatomi rius (parabronchi), air capillaries, pulmo, air sacs and pneumatic bones form respiratory tract of a bird.
kanatl Half of the air taken in inspiration goes to the caudal air sacs, and other half goes to the cranial air sacs

T SR over the lungs (leaving oxygen and loading carbon dioxide). In the expiration while the air in the caudal

sacs passes through the lungs (leaving oxygen and loading carbon dioxide) to the trachea, the air in the

%iiigte(gd 12%016022001188 cranial sacs passes to the trachea.
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Article Code: 433946 Kanatli hayvanlarda solunum sistemi anatomisi

Correspondence: _ Oz

G. KIRBAS DOGAN ; Soi . - 1 T )
(elsen36@grmail.com) Solunum, metabolizmanin devamliligs i¢in hayati 6neme sahip olan fonksiyonlardan birisidir. Bir canlt

nin metabolik faaliyet diizeyi dokularina oksijen taginmasina ve birikmis karbondioksitin toplanmasina
aracilik eden solunum sistemine baglidir. Bir kusta solunum yolunu naris, cavitas nasalis, larynx, trachea,
ORCID: syrinx, primer bronchi (mesobronchi), sekonder bronchi, tersiyer bronchi (parabronchi), air capillaries,
G. KIRBAS DOGAN: 0000-0003-3770-9956 pulmo, air sacs ve pneumatik kemikler olusturur. Inspiration’da alinan havanin yarist caudal hava kese-
L TAKICI: 0000-0002-8450-282X lerine, diger yarist ise akciger Gzerinden (oksijeni birakip karbondioksit yiiklenerek) cranial hava kese-
lerine gider. Ekspiration’da caudal keselerdeki hava akciger tizerinden (oksijeni birakip karbondioksit
yuklenerek) trachea’ya gecerken, cranial keselerdeki hava da trachea’ya geger.

INTRODUCTION ding the chicken, it is called nares perviae, in some of the water
bird as nasal septum is the hole on the front side it is called
nares perviae (13, 24). The conchae in cavitas nasalis clean and
warm the air before it enters the respiratory tract. Most bir-
ds have three conchae called concha nasalis rostralis, concha
nasalis media and concha nasalis caudalis (2). Concha nasalis
rostralis is found on the front of the nasal cavity. This concha,
which is not found in the quail (23), comes out of the ventral
1. NARIS (Nostril) of the naris in the chicken, undertakes the task of changing the
direction of the air flow.

The numbers of breathing depend on the size of the birds.
While a hummingbird breathes 143 times a minute, the turkey
changes air 7 times. Naris, cavitas nasalis, larynx, trachea, sy-
rinx, primer bronchi (mesobronchi), secondary bronchi, inferi-
or bronchi, air capillaries, pulmo, air sacs and pneumatic bones
form respiratory tract of a bird (1).

Os nasale and os premaxillae form its skeleton. If the cau-
dal edge of this hole is round holorhinal, slit-shaped schizot- Concha nasalis media is the largest concha of the nasal ca-
hinal and two holes on each side take the name amphirhinal ~ Vity and is found in almost all poultries (2). This concha is
(13,15, 25). In poultry the cartilage leaf in the ventral part of clinically important because it is associated with sinus infraor-
the naris is called lamella verticalis naris (12). This cartilage is ~ bitalis (the only paranasal sinus in birds). Sinus infraorbitalis is

not found in duck and goose (15). a paranasal sinus, located at the rostral angle of maxillar and
) ) ) nasal bone (24). In addition, sinus infraorbitalis is associated
1.1. Cavitas nasalis (Nasal cavity) with the cervicocephalic air sac. Sinus infraorbitalis is located

in the ventromedial of orbita and has many diverticula (2).
Concha nasalis caudalis is a protrusion in regio olfactoria and
originating from the lateral wall of the nasal cavity. This conc-
ha is important for smelling, filtering particles in the air, water
and heat economy (23).

Os premaxillae in dorsal, os nasale and os lacrimale in dor-
solateral, os palatinum and vomer on the base form its skele-
ton. Cavitas nasalis is divided into two spaces, right and left,
through septum nasale, partly bone, partly cartilage (2, 13).
Septum nasi is complete in the chicken (10). As right and left

nasal cavity are apart from each other in some species inclu- The concha septalis, which is also in the fourth, is a concha
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from the septum nasale and seen in the shearwater. Cavitas na-
salis is divided into three regions called regio vestibularis, regio
respiratoria and region olfactoria. Among them regio vestibu-
laris is the region where concha nasalis rostralis is and gl. (glan-
dula) nasalis’s channel is opened. It is covered with cutaneous
mucosa (13). In goose gl. nasalis; a crescent-like structure ex-
tending in the dorsal and caudal of the bulbus oculi is a stru-
cture which consists of the only lobe (29). Regio respiratoria
is the regio where concha nasalis media is located and which
is covered by respiratoric mucosa. Regio olfactoria is the area
where concha nasalis caudalis is located and which is covered
by olfactoric mucosa (13).

Figure 1 Cross section of the nasal cavity of birds (3)
2. LARYNX

In poultry larynx consists of two parts including larynx cra-
nialis and larynx caudalis. Larynx cranialis is located at the be-
ginning of the trachea and is only responsible for respiratory.
Larynx caudalis is located at the end of the trachea and also
acts as a sound organ (7, 25). Birds are different from mam-
mals in terms of larynx at the beginning of trachea not having
lig. (ligamentum) vocale.

Mons laryngealis; in the base of pharynx and in the cau-
dal of the tongue, is the protuberance shaped by the muscles
and cartilages under the larynx cranialis’s mucosa (15, 19, 25).
Mons laryngealis is seen as prominent due to cart. (cartilago)
arytenoideas and muscles under its mucosa. Mons laryngealis
is covered with cutaneous mucosa, its spikes include papilla
rows which are towards the esophagus as well. The slit-like
hole in mons laryngealis and opening to the cavitas laryngealis,
the cavity of larynx, is called glottis. In the chicken and in the
goose, the sulcus extending from the back end to the back of
glottis is called sulcus laryngealis. Cavitas laryngealis is covered
with respiratoric mucosa (13).

It was noted that the glottis width, which is the entrance
of larynx, is nearly twice as large as in Gerze’s cock to the
chickens (28). It has reported that there were two transversal
papilla rows with rostral and caudal positions whose spikes
enabling the transfer of food to esophagus are towards caudal
in domestic poultry (15, 25), Denizli rooster (31), long-legged
buzzard (19) on mons laryngealis in the shape of tuber, only

transversal papilla row in seagulls (16) in the same place. It has
been reported that the sharp point of mons laryngealis in the
stork is in the shape of a small triangle directing to caudal and
there are 1-3 papillas in mons laryngealis (27).

2. 1. Cartilagines laryngeales

Larynx consists of only cart. cricoidea and cart. procrico-
idea and two cart. arytenoideas, four cartilages in total. Proc-
ricoidea with two cart. arytenoidea total of four cartilages are
formed (7, 15, 18, 19, 20, 24, 25). There is no cart. thyroidea
and epiglottis (23, 24). Cart. cricoidea is in the form of tongs,
the bump on the corpus found in the median is called crista
ventralis. The thin, flat area extending from corpus to the dor-
sal takes the name ala. The ala on the right and left side with
cart. procricoidea on the dorsomedian shapes the joint (13).
It has been determined that cart. cricoidea forms the entire

ventral and caudodorsal roof of larynx, is the largest cartilage
of larynx and ossified (29).

Cart. procricoidea is a comma-like small cartilage in the
dorsomedian position between cart. cricoidea’s ala and cart.
arytenoidea. There are corpus at the front and cauda extending
towards the back. Cart. arytenoidea is in the form of a sling. Its
only protrusion to the front is named proc. (processus) rost-
ralis, its protrusion to the back is named proc. caudalis. The
joint-forming part with cart. procricoidea forms the corpus of
cartilage (13).

Figure 2 Larynx cranial dorsal view (27)

a: Sulcus laryngealis, b: glottis, c: m. cricohyoideus, arrow: crista
ventralis, arrowhead: Papilla’s in mons laryngealis

2. 2. Articulationes larynges (Larynx joint)

The synovial joints of larynx are art. procricoarytenoidea,
art. procricocricoidea, art. intracricoidea and art. cricoaryteno-
idea. Art. intracricoidea is formed between ala and corpus of
cricoidea. In median plane, the combination of right and left
corpus arytenoideas with each other and the combination of
right and left ala cricoideas between each other are like articu-
latio fibrosa (13).

2. 3. Musculi laryngeales (Muscles of larynx)
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The inner muscles of larynx are called musculus (m.) dila-
tator glottidis and m. constrictor glottidis. These muscles are
located between cart. cricoidea and cart. arytenoidea. The m.
dilatator glottidis is superficially located just below the mucosa
(28). M. constrictor glottidis is located further behind, origina-
tes from cart. procricoidea, connects to cart. arytenoidea and
cart. cricoidea by surrounding glottis as a horseshoe (13). The
outer muscles of larynx were specified as m. cricohyoideus, m.
cleidotrachealis and m. tracheolateralis. Although m. cricohyo-
ideus was only the outer part of larynx, it was observed that
m. cleidotrachealis and m. tracheolateralis were the muscle of
trachea at the same time. It has been specified that m. cricohi-
oideus originates from os hyoideum, and is connected to the
ventral of the corpus of cart. cricoidea in the form of two
right and left muscle bands (28).

3. TRACHEA

The trachea, starting from the caudal of larynx cranialis, is
in the ventral of the neck, just below the skin, extends to sy-
rinx. Esophagus is found in its dorsal and is connected to the
ventral of the esophagus on the median line (13, 28). The tra-
chea consists of cartilages called cartt. (cartilagines) tracheales,
of which the right and left halves are wide but with incisuras
in median parts. As it is in shape of a completely closed ring,
there are no m. trachealis and lig. anulare (13). The rings in the
middle region of the trachea are in contact with the previous
or the next ring and have a similar shape to that of “ H “ in go-
ose (Anser anser domesticus). It is characteristic for the goose
the bifurcation of the cartilages similar to “ H © in the middle
region of the trachea and a complete knitting and ossification
of the tympanum (26).

The number of cartilage rings varies depending on the neck
length in the poultries. For example, it has been reported that
they are 100-130 in chicken (13), 120 in turkey (10), 114-134
in duck (21), 115-134 in gulls (16). As a result of the long neck
due to the functional requirement, the trachea in poultry is
shaped longer than the mammals. Accordingly, the air current
in the trachea meets more resistant than the mammals. Howe-
ver, these problems have been resolved with the large diameter
of the trachea (13). While the trachea was leaning against the
ventro-medial of ingluves on apertura thoracis cranialis level,
it was seen that it ended in the cranial of the basis cordis by
dividing into two bronchus (29).

3. 1. Musculi Tracheales

Trachea has four muscles. These are m. tracheolateralis, m.
sternotrachealis, m. cleidotrachealis and m. sternohyoideus. M.
tracheolateralis; starting from cart. cricoidea of larynx, ends
with a narrow tendo on both sides at the beginning of the
tympanum (29).

M. sternotrachealis originates from the sternum, m. cleidot-
rachealis stems from the clavicula. Both muscles end on trac-
hea. M. sternohyoideus is attached to the front end of trachea
and larynx after originating from the sternum (13). Musculi
(mm.) tracheales is also defined as the extrinsic muscles of
syrinx since it indirectly provides the movements of syrinx as
well as the movement of trachea (29) .

Kiwrbas Dogan, Takict

4. SYRINX

In the poultry syrinx is located at the 2nd or 3rd thoracal
vertebral level, between the trachea and bronchus primarius
(13) and on the basis of the heart (28). It is surrounded by
clavicular air sac (24). By knitting and ossifying of the last 3-4
cartilage rings forming the trachea, the tympanum is formed
(13). The tympanum is formed from 4 C-shaped cartilaginous
rings in duck (34), 3-4 in gallinacean (15), 4 in denizli cock
(31), 3 in ostrich (33) and 2 in goose (29). The cartilage whi-
ch divides the air flow into two in Syrinx and directs to the
bronchus primarius and is found in the median is called pessu-
lus. The cranial side of the pessulus is covered by membrane
semilunaris (13). This section, which forms the beginning of
the syrinx, then continues with flattened syringeal rings. One
end of the syringeal cartilage is free and the other end attac-
hes to the pessilus (30). It was seen that pessulus in duck was
partly in a bony structure and extended into cavum syrinx as
wedge-shaped (34). According to the origin it has taken, it is
divided into three classes as tracheobronchial syrinx, tracheal
syrinx and bronchial syrinx. As it originates from both trachea
and bronchial cartilage, tracheobronchial syrinx type is found
in most birds. Syrinx is shaped from cartilages called cartt. sy-
ringeales. From these cartilages the ones originating from the
trachea as shape and origin are called cartt. tracheales syringis
and there are about 8 in chickens. The cylindrical part as result
of the adherence of the first cart. trachealis syringis to each
other, which are the continuation of the trachea, is called ty-
mpanum. The cartilages which are in the cranial of bronchus
primarius and originate from this formation are cartt. bronc-
hiales syringis. These are C-shaped. Membrana tympaniformis
medialis is the part which vibrates to produce sound in the
poultry. On the outer side of the same formation, membra-
ne tympaniformis lateralis connects the cartilaginous rings to
each other. One-sided extension, which originates from cartt.
bronchiales syringis and is in bone or membranous structure is
called bulla syringealis (13).

4. 1. Musculi syringeales

M. tracheobronchialis, m. tracheobronchialis brevis, m. tra-
cheobronchialis ventralis, m. syringealis dorsalis and m. syrin-
gealis ventralis are syrinx muscles. Membranes called memb-
rane tympaniformis medialis and membrane tympaniformis
lateralis are controlled by these muscles and sound is produced
(6). The syrinx’s function is to create sound. When the syrinx
muscles contract, the tension of the tympanic membranes held
on to the inner surface of the trachea changes. The air passing
through these tympanic membranes provides the formation
of sounds specific to the poultry (32).

5. SACCI AEROPHORI

They are thin-walled with sac-like appearance structures of
the respiratory system. They were formed as a result of extra-
pulmonary extensions of the bronchus (10,13). The ability to
transmit gas is very low in the air sacs as the vascularization is
not good and they only serve as airway (32). Air sacs do not
fully swell with air. They are not in direct contact with each ot-
her (10). They associate with the lungs through the bronchus.
Some of them pneumatize some of the bones with diverticula
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Figure 4 Schematic representation of the air sacs (5)

they have formed. Some diverticula also insert between the in-
ternal organs and muscles. The air filled in the air sacs promo-
tes the flight by increasing the volume of the poultry without
increasing body weight and pneumatizing some bones. In bir-
ds with good flying ability, air sacs are more advanced. Air sacs
also help to provide balance among body parts. They are also
reported that they play an important role in thermoregulation,
and at the same time, they have the effect of strengthening the
sound in songbirds. The embryo has six pairs of air sacs, two
of which later combine in the median and form saccus clavicu-
laris (13). First abdominal, then respectively; saccus cervicalis,
saccus thoracicus cranialis, saccus thoracicus caudalis, and sac-
cus interclavicular develop (10). In the domesticated poultry
and some birds, another pair of sacs join to form another me-

Figure 4 Dorsal aspect of syrinx in male duck
(34)

a:m. tracheolateralis b: trachea c: bulla syrin-
gealis d: tympanum e: foramen interbronchiale
f: lig. interbronchiale g: m. sternotrachealis h:

right ve left primer bronchi k: lung

dian air sac, saccus cervicalis. Other sacs stay as pair. For this
reason, an adult poultry mostly has eight air sacs. It has also
been reported that there are subcutaneous air sacs in storks,
pelicans, crane and herons (13). Saccus cervicalis, saccus clavi-
cularis and saccus thoracicus cranialis originate from seconder
bronchi, which separates from the first intrapulmonary primer
bronchi. These sacs are considered as a group called cranial air
sacs due to the similarity in the concentration of oxygen and
carbon dioxide. Saccus thoracicus caudalis and saccus abdomi-
nalis, which are called caudal air sacs originate from the second
and third separated bronchus from the seconder bronchi and
from the continuation of intrapulmonary primer bronchus.
The concentration of oxygen is higher and the concentration
of carbon dioxide is lower in the caudal air sacs than the cra-
nial air sacs (14).

5. 1. Saccus cervicalis

They are found on cranial thoracal air sacs, in the cranial
of the lungs. Both sacs contact with each other in medial and
median makes a septum. There are two arteria carotis commu-
nis in this septum. It starts from ventrobronchus cervicalis via
ostium cervicale and the connection with the lung is enabled
in this way. They are in the appearance of diverticula system
between the trachea and the dorsal of the esophagus and the
lungs, lying in the ventrolateral of the neck muscles. Each sac
has ductus intertransversarius consisting of cervical vertabrae
in the neck and lying in canalis transversarius. They pneumati-
ze neck vertebrae (10). One of the diverticula it has shaped are
diverticula vertebralia, which are tubular structures inside the
columna vertebralis and the other in the outside lying forward
and backward. The part lying outside reaches the axis in the
cranial. It surrounds the vertebrae and pneumatizes them (13).
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However, the first four vertebrae were not found to be pneu-
matized in the long-legged buzzard (17). Some birds also have
diverticula called diverticula intermuscularia. These diverticula
cover the neck muscles and accompany the branches of plexus
brachialis (29).

5. 2. Saccus clavicularis

Initially it consists of four sacs in total, one pair of lateral
and one pair of medial. From these sacs those belonging to
the same side first combine among each other. Then the right
and left sacs combine on the median line and become a single
sac (13). In the ostrich, the lateral clavicular air sac is like the
other birds except for the absence of diverticulum humerale
(8). Saccus clavicularis creates diverticula intrathoracica and di-
verticula extrathoracica. Diverticula intrathoracica consists of
diverticula sternalia extending along the sternum, diverticula
cardiaca around the heart, and diverticula intrapulmonale in
two right and left parts between two lung lobes in the dorsal
of the syrinx (29). Diverticula extrathoracica includes diver-
ticulum subscapulare extending between scapula and thorax,
diverticulum subpectorale under mm. pectorales, diverticulum
suprahumerale covering caput humeri and associating with
diverticulum subscapulare and diverticulum axillare, diverticu-
lum axillare dispersed among the muscles in shoulder region
and diverticulum humerale shaped by diverticulum axillare in
most species and pneumatizing humerus (13). It has also been
reported that a large diverticulum gastrica originating from the
median compartment of the saccus clavicularis and covering
the caudal part of the proventriculus is found in the ostrich

(8)-

Esophagus, the trachea and accompanying vessels and ner-
ves and syrinx and its related muscles are hung either among
the loops of saccus clavicularis or between the clavicular and
cervical sacs. Diverticulum esophagotracheale is between the
esophagus and the trachea. Diverticulum costalia is found
between sternal ribs and the heart (10).

5. 3. Saccus thoracicus cranialis

They are usually double (13). In the ostrich they are also
found equal in size as right and left (8). The ostium intermedi-
um located in the caudomedial where the main bronchus en-
ters originates from ventrobronchus caudalis in en lateral via
intermedium craniale. It is located in ventral of the lungs and
lateral of the heart. They reach up to the last rib in caudal (13).
The visceral face of the saccus thoracicus cranialis was found
to be adjacent to the caudal of the heart, the cranial of the liver
and the caudal end of the esophagus (29). They do not shape
diverticula (8, 13, 29).

5. 4. Saccus thoracicus caudalis

They are usually double (13). In the ostrich they are found
equal in size as right and left (8). They originate from bronchus
intermedius caudalis via ostium intermedium caudalis. This sac
where there are traces belonging to the last ribs of its facies
lateralis extends in the caudal of saccus thoracicus cranialis
right and left in dorsolateral position (29). The one on the left
extends more to the caudal than the one on the right and partly
covers the stomach. For this reason, the right and the left sacs
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are asymmetric. The sacs are also in touch with the lung, the
liver, sacci abdominales and intestines (13). They do not shape
diverticula (8, 13, 29).

5. 5. Sacci abdominales

They are usually double. It’s the continuation of the main
bronchus. It starts from ostium caudale. It is the most volu-
minous in air sacs. It partially covers the abdominal organs
by getting into the abdominal cavity in the dorsal. As the de-
velopment of the left one is blocked by the stomach, the one
in the right is more voluminous than the one on the left (13).
In the ostrich, the left abdominal air sac was found to be sig-
nificantly larger than the right (8). The left abdominal air sac
in the duck is in two parts, cranial and caudal. It was specified
that the caudal part ventilated the last three ribs and synsacrum
and was larger and wider than the cranial sac (11). They shape
some diverticula. These diverticules enter among some of the
abdominal organs and between these organs and the abdomi-
nal wall (13). These sacs are in contact with the cock testicles.
Although the testicles are in the abdomen, spermatogenesis
is regulated by cold air coming to these sacs (10). Most birds
have diverticula perirenalia extending laterally along apertura
pelvis cranialis adjacent vertebrae and kidneys and diverticula
femoralia pneumatizing pelvis and femur (13). Diverticula pe-
rirenalia extends from the beginning of diverticula femoralia
as cranial and caudal (The two diverticula also originate from
the funnel shaped space in the sacci abdominale) (8).

6. PULMONES (LUNGS)

The poultry have two bright red and remarkably small lungs
(15, 24). They are not divided into lobes as in mammals. The
dorsal side of the lungs is blunt and parallel to columna ver-
tebralis. The ventral side is sharp and approximately attached
to the costosternocostal joint level. Pleural space is absent (24).

There are sulcus costalis on facies costalis looking to costae
for ribs. Since there is no pleura for the lungs as in the mam-
mals, the poultry lung is connected to the surrounding tissues
via fibrous tissue (6). Between two sulcus costalis is called to-
rus intercostalis. Angulus craniodorsalis has torus marginalis
cranialis, angulus caudodorsalis has torus marginalis caudalis.
Tori intercostales and tori marginales are called tori pulmona-
les. The cranial side of the lung is called margo cranialis, the
caudal side is called margo caudalis, the side separating facies
costalis from facies vertabralis is called margo costoseptalis,
the side separating facies vertabralis from facies septalis is cal-
led margo vertabroseptalis (13).

Bronchus primarius has 4 groups of bronchi secundarii.
There are anterior and posterior bronchi secundarii, which
join together to several large tertial bronchial roots. The ante-
rior group; each containing four channels which are associated
with the dorsal surface of the primary bronchus immediately
after entering the lung. The posterior group contain approxi-
mately sixteen channels, eight or nine of which are associated
with the dorsal face of primordial bronchus and seven or eight
of which are associated with its ventral faces (1).

6. 1. Bronchus primarius

After the trachea has entered the chest cavity, it shapes the
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syrinx and then is separated into two main bronchus. These
parts enter from hilus of the lungs in ventral direction with a
horizontal section together with blood vessels (15, 24). It mo-
ves as intrapulmonary bronchus primarius within pulmonary
paranchyma and when it reaches approximately half of the
lung, an extension called vestibulum occurs (15). Four secon-
dary bronch which branch on the ventral surface of the lung
and called ventrobronchi are seperated from the wall of the
vestibulum in the main bronchus (24).

6. 2. Bronchi secundarii

The main bronch, called mesobronch, rising gently to the
dorsal in pulmonary paranasal, extends to the caudal border
of the lungs and continues until the abdominal air sacs (24).
Bronchus primarius give four groups of bronchi secundari ac-
cording to the regions they have spread throughout the course
in the pulmones (7,15).

6. 2. 1. Bronchi medioventrales

They originate from the dorsomedial of the cranial part of
intrapulmonary primer bronchus. They are usually four and
have dispersed in medial and ventral regions of the lung with
parabronchus (22,29). Cranial air sacs are associated with 1st,
2nd and 3rd bronchi medioventrales (29).

6. 2. 2. Bronchi mediodorsales

They originate from the dorsal wall of the caudal side of
the intrapulmonary primer bronchus. They ate located in the
medial and dorsal areas of the lung with parabronchus (13,
29). They are composed of ten branches arranged in a row. No
direct association of these bronchuses with the sacci pneuma-
tici has been observed (29).

6. 2. 3. Bronchi lateroventrales

They originate from the opposite of bronchial mediodorsa-
les which is the ventral wall of the side of the caudal of intra-
pulmonary primer bronchus. There are ten in number in geese
(29). They are associated with saccus thoracicus caudalis (22).
The polygonal chambers which carry air from the bronchi se-
cundarii and parabronchi to pneumocapillaris are called atria.
But they are not the same as mammalian lungs. At the base of
each atrium there are holes called infundibula which open to
pneumocapillaris (13).

6. 2. 4. Bronchi laterodorsales

Bronchi laterodorsales has been reported to be dispersed
in the lateral part of the lung by originating between bronchi
mediodorsales and bronchi lateroventrales and from the lateral
of mesobronchus (29). Intrapulmonary primary dorsomedial
portion of the bronchus 7-10 laterodorsal secondary bronch
start from dorsomedial part of intrapulmonary primary bron-
chus (22).

6. 3. Bronchus tertius

The bronchus which are the continuation of the bronchi
secundarii and in the case of its sub-branches are called pa-
rabronchus. The number of parabronchus varies from spe-
cies to species, but it is more in better flying birds (1). At-

ria and infundibula, which are curved narrow tubes, winding
and narrow air capillaries are called pneumocapillares (13, 29).
Pneumocapillares are tightly wrapped around the blood ves-
sels and gas exchange takes place here (13). The diameter of
pneumocapillares differs according to the poultry species (15).
The funnel-shaped, single and large bronchus, which collects a
large number of parabronchi, is called saccobronchus (13, 24).
The unique features of the respiratory system in birds, shortly;
air crossovers are the large surface on the parabronchus with a
continuous and unidirectional air flow in the parabronchus for
gas exchange and a very thin air-to-air barrier (9).

RESULT

Respiratory tract in poultry exhaled air reaching right up to
parabronchus starting nares are described with differences in
animal species. When compared to domestic mammals, we be-
lieve that the greatest difference between the systems is in the
respiratory system.
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