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ABSTRACT

The aim of the study was to investigate the osteometric investigation of the remains of sheep skeleton from
archaeological excavations in Kibyra Antique City located in Golhisar district of Burdur. In the study, the
remains of the totally measurable 370 bones revealed in the archaeological excavations of Bouleuterion-Odeion,
Stadion, Agora and Facade of the ancient city of Kibyra were used. The osteometric measuraments were
obtained from these bones. Moreover, the shoulder height and dimensions were estimated by using obtained
data. According to this, the average of shoulder height of Kibyra sheep was determined as 59.8 cm. As a result,
it was thought that the numerical data obtained in the study will contribute to the limited number
zooarcaeological researches in our country.

Keywords: Kibyra, Osteometric, Sheep

Kibyra Antik Kenti Kazilarinda Ortaya Cikarilan Koyun Iskeleti Kalintilarinin Osteometrik Olarak
Incelenmesi

(074
Calismada Burdur'un Gélhisar ilgesinde bulunan Kibyra Antik Kentindeki arkeolojik kazilardan ortaya ¢ikarilan
koyun iskeleti kalintilarinin osteometrik olarak incelenmesi amaclanmigtir. Caligmada Kibyra Antik Kenti'nin
Bouleuterion-Odeion, Stadion, Agora ve Dis Cephe arkeolojik kazilarinda ortaya cikarilan 6lgti alinabilir
nitelikte toplam 370 adet kemik kalintis1 kullanild1. Bu kemiklerden osteometrik Slgiiler alindi. Ayrica elde edilen
veriler kullanilarak koyunlarin cidago yiksekligi ve ebatlart ile ilgili tahminde bulunuldu. Buna gbre Kibyra

koyunlarinin ortalama cidago yiiksekligi 59.8 cm olarak tespit edildi. Sonug olarak ¢alismada elde edilen sayisal
verilerin Ulkemizde sinirlt sayidaki zooarkeolojik caligmalara katki saglayacagi diisiiniilmektedir.

Anahtar Kelimeler: Kibyra, Koyun, Osteometti

To cite this article: Demiraslan Y. Giirbiiz 1. Dilek O. G. Oxziidogrn S. Ozgel O. Osteometric Examination of Skeletal Remains of Sheep
Uncovered in Excavations Performed in Ancient City of Kibyra™ . Kocatepe Vet . (2018) 11(4): 344-355.
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INTRODUCTION

The Ancient City of Kibyra is located on three hills
at the altitude of 1100-1300 meters on the
piedmonts of the mount Akdag in the west of
Golhisar township on southwestern part of the
province of Burdur (Aksu, 1998). The city is
located on the junction point of Lycia, Phrygia,
Karia, and Pisidia regions (Ekinci et al., 2007). The
region known as Kabalia/Kabalis in eatly petriods
(Okmen, 2004) was started to be named as
“Kibyratis” as the city got stronger in Hellenistic
Age and during domination of Rome (Hall and
Milner, 1998, Milner, 1998). Ancient sources
indicate that Kibyra was ruled by a tyran named
Moagetes in the first half of Century II B.C. and he
established a Tetrapolis by interconnecting three
cities around Kibyra (Shuckburgh, 1889; cited by
Oztdogru, 2014). Kibyra, whose name is written
on Stadiasmus Patarensis (Patara Road) (Istk et al.,
2001), was reconstructed by Tiberius after the
earthquake occurring in 23 AD. The city was
named as Caesarea Cibyra following the
renovation. However, the city could not recover
after the earthquake in 417 (Karabacak et al., 2009).
Kibyra which was exposed to assaults by Goth and
Arabs in this period was abandoned after 6%
century (Bayburtluoglu, 2004).

From past to present, bovine and ovine-caprine
animals have been the most important resources of
animal food. Animals from the family ruminantia
are primary for meeting socio-economical needs
thanks to yields of meat, milk, wool, skin, and fat
(bone-organ). Skeletal remains of animals that are
such involved in the daily life are comprised of the
materials frequently found in archaeological
excavations.  Besides, these remains allow for
comments about nourishment, economic and
social life of their community and also lead us to
do various estimations about morphological traits
of the animals in that period of time (Onar et al.,
2010). These estimations can be ranged as height at
withers, body weight, gender, and age. Information
obtained from archaeological bone material are also
important for determination of fauna and
comparisons with other historical processes, as well
as estimations for morphological traits of the
animals (Clark, 1995; Guintard and ILallemand,
2003; Harcourt, 1974; Onar, 2005).

Onar et al., (2013a) evaluated approximately 21000
remains of animal skeleton uncovered as a result of
excavations of Yenikapt Metro and Marmaray
starting in 2004. It was stated in the study that
skeletal remains obtained belonged to about 54
species. Pazvant et al, (2015) investigated
metapodial bones from sheep and goat uncovered
in the same excavation site. In conclusion, sheep of

Byzantine Age were determined to be similar to
Iron Age sheep in terms of shoulder height and to
resemble Tuj sheep from modern sheep. Guintard
and Lallemand (2003) suggested that data obtained
from the study on 215 metapodia of sheep could
provide an insight to history for domestication of
sheep. In the study by Davis (1996) 42 different
measurements were took from leg bones of
Shetland Sheep and findings were compared with
data of sheep wuncovered in archaeological
excavations.

Above-mentioned literature information has shown
that the number of studies on archaeological
remains of animal skeleton is very limited in
Turkey. The aim of the present study was to
perform an osteometric examination on skeletal
remains of sheep uncovered during archaeological
excavations performed in Ancient City of Kibyra
between 2006 and 2014.

MATERIALS and METHODS

Necessary — permission  was  received — from
Department of Excavation of Ancient City of
Kibyra to examine skeletal remains of various
animals such as horse, cattle, sheep, goat, pig, cat,
and dog were revealed during archaeological
excavations performed in Ancient City of Kibyra
between 2006 and 2014. For the method of the
study, the study by Onar et al., (2010) was taken as
the reference. Accordingly, skeletal remains
uncovered from the excavation site were recorded
considering grid depth and date. The skeletal
remains were stored inside plastic cases in the
excavation site. The skeletal remains that were kept
in plastic cases in the excavation storage were
transferred to the osteology laboratory. A total of
370 measurable skeletal remains uncovered in
archaeological excavations performed in
Bouleutetion / Odeion, Stadion, Agora, and
Exterior Facade of Ancient City of Kibyra between
2006 and 2014 were examined in the present study.
The codes of measurement for osteometric sizes
were stated below. Osteometric measurements
were recorded in the Microsoft Office Excel 2007
programme. Mean and standard deviation were
calculated using Statistical Package for the Social
Sciences (IBM, SPSS 20.0) packaged software.

Driesch  (1976) was taken as reference for
osteometric  measurements. The  “Teichert’s
multipliers” (Teichert, 2005) were utilised to
calculate height at withers for sheep of Kibyra. In
addition, Bp/GL*100, SD/GIL*100, and
Bd/GL*100 indices were calculated using
osteometric measurements for metapodia of sheep
in the study (Berteux and Guintard, 1995; Guintard
and Lallemand, 2003; Davis, 1996).
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While “Nomina Anatomica Veterinaria (2012)” was
mainly based to write anatomic terms in the study,
commonly used literature was based for some
osteoarcheological terms.

General Measurement Codes

GL: Maximum length, GB: Maximum width, Bd:
Maximum width of distal end, Bp: Maximum width
of proximal end, SD: Minimum width of diaphysis,
Dd: Maximum depth of distal end.

Measurement Codes of Mandibula

LA: Length of angulus, L.3: Aboral edge length of
gonion caudale and 3 molar tooth, LHR: Length
of corpus mandibulae, L5: Oral edge length of
gonion caudale and 1%t premolar tooth, GCM:
Length between gonion caudale and foramen
mentale, LCR: Length of arch of cheek teeth,
LMR: Length of molar teeth, LPR: Length of
premolar teeth, LMs: Length of 3t molar tooth,
BMs: width of 3 molar tooth, LD: Length of
diastema, HRcdi: 1%t condylar height of ramus of
mandible, HRcd»: 27 condylar height of ramus of
mandible, HRer: Processus coronoideus height of
ramus of mandible, AHVR: Aboral height of ramus
of mandible, MHVR: Molar height of ramus of
mandible, OHVR: Oral height of ramus of
mandible.

Measurement Codes of Vertebrae

BFcr: Width of facies articularis cranialis, BFcd:
Width of facies articularis caudalis, GLF: Distance
between facies articularis cranialis et caudalis, H:
Height, GLPa: Distance between processus
articularis cranialis et caudalis, BPacr: Width of
processus articularis cranialis, BPacd: Width of
processus articularis cranialis, PL: Length of
corpus, HFcr: Height of facies terminalis cranialis,
HFcd: Height of facies terminalis caudalis, SBV:
Minimum width of vertebra, LCDe: Length of
corpus as from dens, LAPa: Length of arcus.

Measurement Codes of Scapula

SLC: Minimum length of collum scapulae, GLP:
Maximum length of processus articularis, LG:
Length of cavitas glenoidalis, BG: Width of cavitas
glenoidalis.

Measurement Codes of Humetrus
BT: Maximum width of trochlea humetri.

Measurement Codes of Radius
BFd: Maximum width of facies articularis distalis.

Measurement Codes of Ulna

LO: Length of olecranon, DPA: Depth of
processus anconaeus, SDO: Minimum depth of
olecranon, BPC: Width of processus coronoideus.

Measurement Codes of Os coxae

LA: Length of Acetabulum, SH: Minimum height
of corpus ossis ilium, SB: Minimum width of
corpus ossis ilium.

Measurement Codes of Femur
DC: Maximum depth of caput femoris.

Measurement Codes of Talus

GLI: Maximum length of lateral half, GLm:
Maximum length of medial half, DI: Maximum
depth of lateral half, Dm: Maximum depth of
medial half.

Measurement Codes of Metapodium

d: Medial corpus width of diaphysis, e: Medial
corpus depth of diaphysis, DD: Minimum depth of
diaphysis, Be: Maximum width of metaphysis, De:
Maximum  depth  of  metaphysis,  DIM:
Dorsopalmar/plantar diameter of internal trochlea
of condylus medialis, DEM: Dorsopalmar/plantar
diameter of external trochlea of condylus medialis,
DIL: Dotsopalmar/plantar diameter of internal
trochlea of  condylus lateralis, DEL:
Dortsopalmar/plantar diameter of external trochlea
of condylus lateralis, WCM: Medio-lateral width of
condylus medialis, WCL: Medio-lateral width of
Condylus lateralis.

Measurement Codes of Phalanx proximalis et
media
GLPe: Maximum length of periferal (abaxial) half.

RESULTS

Table 1-7 shows osteometric values of sheep bones
remains examined in the present study.

Table 6 shows the data calculated using maximum
lengths of talus (astragalus), calcaneus (os calcis), os
metacarpale III et IV, and os metatarsale III et IV
for height at withers. Accordingly, mean height at
withers was determined as 59.8 cm for sheep.

Bp/GL*¥100, SD/GL*100 and Bd/GL*100 indices
were calculated using osteometric measurements
for metapodia of sheep in the study. Table 7 shows
index results of metapodia.
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Table 1. Osteometric measurements of mandibula in Kibyra sheep (The values are mm.)

Measurement N Minimum Maximum Mean SD
LA 2 149.2 181.2 165.2 22.6
L3 3 46.1 53.6 49.8 3.8

LHR 2 104.8 128.4 116.6 16.7
L5 1 110.1 110.1 110.1
GCM 2 125.1 146.6 135.9 15.2
LCR 7 494 76.6 69.0 9.7
LMR 8 29.7 91.5 44.5 19.4
LPR 11 20.4 45.7 32.4 6.7
LM; 6 20.8 37.7 25.5 6.2
BM; 6 7.0 13.5 9.6 2.2
LD 11 26.7 41.8 31.5 4.2
HRcd; 3 73.1 89.5 79.4 8.8
HRcd; 3 64.7 81.2 72.1 8.4
HRcr 1 107.8 107.8 107.8
AHVR 10 35.4 71.5 42.3 10.5
MHVR 8 13.7 28.4 23.0 4.5
OHVR 21 9.3 18.6 14.6 2.4

Table 2. Osteometric measurements of vertebrae in Kibyra sheep (The values are mm.)

Measurement N Minimum Maximum Mean SD
Atlas

GL 1 42.9 42.9 42.9
BFcd 1 37.7 37.7 37.7
GLF 1 37.5 37.5 37.5
GB 1 55.7 55.7 55.7

H 3 30.4 31.3 30.7 0.5

Axis
BFcd 1 21.5 21.5 21.5
BFcr 1 38.1 38.1 38.1
SBV 1 22.6 22.6 22.6
LCDe 1 54.8 54.8 54.8
LAPa 1 414 41.4 41.4
H 1 38.0 38.0 38.0
Vertebrae cervicalis

GLPa 2 35.6 36.5 36.1 0.6
BPacr 1 31.1 31.1 31.1

BPacd 2 31.7 33.4 32.6 1.2
PL 1 36.5 36.5 36.5
HFcr 1 15.2 15.2 15.2
HFCcd 1 17.4 17.4 17.4
H 1 30.9 30.9 30.9

Vertebrae lumbalis

PL 5 25.4 32.1 29.0 2.7

BFcr 4 20.4 23.3 21.4 1.4

BFcd 4 20.7 27.3 24.4 2.7

HFcr 4 13.1 14.5 13.9 0.6

HFcd 4 11.3 13.6 12.6 1.2
H 1 39.8 39.8 39.8
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Table 3. Osteometric measurements of fore-limb bones in Kibyra sheep (the values are mm.)

Measurement N Minimum Maximum Mean SD
Scapula
SLC 6 18.7 24.8 22.0 2.1
GLP 9 28.7 39.7 33.8 3.2
LG 9 21.4 31.2 26.4 2.9
BG 9 18.5 27.8 22.8 3.0
Humerus
BT 21 241 31.8 27.2 2.2
Bd 22 26.5 34.6 29.8 2.2
Radius
SD 11 13.7 18.0 15.9 1.7
Bd 11 25.7 34.5 28.7 3.0
BFd 11 20.1 26.2 23.3 2.1
Bp 14 22.5 35.3 29.7 3.6
Ulna
DPA 6 29.5 32.6 31.1 2.2
BPC 6 17.2 19.0 18.1 1.3
SDO 4 20.4 23.3 21.9 2.1
LO 2 34.5 41.8 38.2 5.2
Metacarpus
GL 3 119.1 126.2 121.5 4.1
Bp 28 20.4 29.4 24.2 1.9
d 20 114 18.3 15.4 2.1
e 20 9.1 12.2 10.8 0.8
SD 8 12.5 16.8 14.9 1.5
DD 8 8.8 11.8 9.9 1.1
Bd 9 22.6 28.1 25.3 2.1
Dd 9 14.1 18.2 15.8 1.4
Be 12 2.8 30.9 24.3 7.1
De 12 114 16.3 13.6 1.4
DIM 2 13.7 15.8 14.8 1.5
DEM 2 10.8 11.3 11.1 0.4
DIL 3 14.1 15.1 14.7 0.5
DEL 3 10.6 11.6 11.0 0.6
WCM 2 11.8 13.3 12.6 1.1
WCL 3 11.0 14.0 12.6 1.5
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Table 4. Osteometric measurements of hind-limb bones in Kibyra sheep (The values are mm.)

Measurement N Minimum Maximum Mean SD
Os coxae
LA 14 23.1 31.6 26.4 2.3
SB 2 6.8 9.6 8.2 2.0
SH 2 12.3 13.9 13.1 1.1
Femur
DC 1 19.1 19.1 19.1
Bp 1 39.9 39.9 39.9
Bd 2 36.1 37.8 37.0 1.2
Tibia
Bd 27 221 32.4 25.8 2.5
Dd 27 17.0 24.8 19.5 1.8
SD 11 10.6 18.2 12.3 2.1
Calcaneus
GL 15 51.0 62.7 54.9 3.5
GB 20 13.9 22.4 16.9 2.1
Talus
GLm 18 24.0 38.5 27.2 3.2
GLI 19 25.6 40.8 29.2 3.2
Bd 18 16.7 23.8 18.6 1.5
Dm 17 13.4 21.9 16.1 1.9
D1 18 14.1 221 15.7 1.7
Metatarsus
GL 5 110.3 126.6 118.9 6.1
Bp 37 17.7 25.0 20.7 1.6
d 14 9.5 16.2 12.3 1.7
14 8.1 14.0 11.3 1.5
SD 13 9.3 16.1 11.9 1.9
DD 12 8.0 12.1 9.9 1.0
Bd 9 23.6 27.2 247 1.1
Dd 8 14.6 17.2 15.7 0.9
Be 11 22.0 27.0 23.4 1.7
De 11 12.5 14.5 13.3 0.5
DIM 5 12.1 14.2 13.3 0.8
DEM 5 9.2 10.6 9.8 0.6
DIL 4 12.3 14.1 13.4 0.8
DEL 4 8.5 114 10.0 1.2
WCM 5 10.4 11.2 10.9 0.3
WCL 4 10.5 12.3 111 0.8
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Table 5. Osteometric measurements of phalanx and metapodials in Kibyra sheep (The values are mm.)

Measurement N Minimum Maximum Mean SD
Metacarpus-Metatarsus
Be 2 22.6 24.2 23.4 1.1
De 2 12.9 13.4 13.2 0.4
Dd 2 15.3 16.7 16.0 1.0
Bd 2 23.3 25.9 24.6 1.8
Phalanx proximalis
GLPe 17 27.3 46.0 36.9 5.2
SD 19 8.8 13.1 11.1 1.0
Bp 19 11.1 15.0 13.5 1.1
Bd 17 9.9 15.1 13.3 1.6
Phalanx media

GL 4 27.3 29.6 28.5 1.1
Bp 4 14.2 15.1 14.5 0.4
SD 4 9.6 10.2 9.9 0.3
Bd 4 11.0 11.6 11.3 0.3

Table 6. The data of shoulder height of Kibyra sheep (The values are cm.)

Bone N Minimum Maximum Mean SD
Metacarpus 6 50.1 62.2 55.4 4.2
Metatarsus 7 48.8 61.7 55.2 4.8

Talus 19 58.1 92.5 66.2 7.3

Calcaneus 15 58.1 71.5 62.6 4.0

Table 7. Index values of metapodials of Kibyra sheep

Bone Index N Minimum Maximum Mean SD
Bp/GL*100 6 19.7 22.4 21.2 1.1

Metacarpus SD/GL*100 6 10.4 13.1 12.1 0.9
Bd/GL*100 6 0.0 25.5 19.5 9.7

Bp/GL*100 5 16.5 18.4 17.5 0.7

Metatarsus SD/GL*100 5 9.2 11.2 10.0 0.8
Bd/GL*100 5 0.0 21.7 16.9 9.5

DISCUSSION and CONCLUSION

Zooarcheological studies mentioned about sheep in
2 types of sizes in Europe (Bogolubski, 1968;
Bokonyi, 1983). Adametz (1925) defined especially

small sheep of Neolithic Europe as "Ovis palusttis"
with height at withers lower than 60 cm.
Furthermore, "Ovis musimon" occutring in the
Copper Age, which was 10 cm higher than the first
type, was mentioned as the second type (Lasota-

350



Moskalewska et al., 1998). Lasota-Moskalewska et
al., (1998) classified sheep as follows; small sized
sheep having a height at withers of up to 59.9 cm,
medium sized sheep having a height at withers of
60-69.9 cm, and large sized sheep having a height
at withers of 70 cm and higher. In addition, Lasota-
Moskalewska et al., (1998) stated in their study that
the height at withers calculated from bone remains
excavated in southern Turkey was 67.2 (n: 12), 66.2
(n: 16), 62.2 (n: 11), and 62.6 cm (n: 32) in average
for periods I and IV (2000 B.C. =500 A.D.),
respectively. It was determined that these values
were compatible with calculations of talus and
calcaneus obtained in the present study but, they
were not compatible with metapodia.

Pazvant et al., (2015) examined metapodia of sheep
and goat uncovered from excavation site of
Yenikapt Metro and Marmaray (Istanbul). In
conclusion, it was determined that sheep of
Byzantine age and Iron age were similar in shoulder
height and were similar to Tuj sheep from sheep of
modern age. Additionally, the coefficient of
variation for (CV%) data of metapodia of Kibyra,
Morkaraman and Tuj sheep were also presented in
Tables 8, 9, 10, and 11 by adding into information
given in this study (Pazvant et al., 2015).

Piatkowska-Malecka and Mogorzewska (2009)
investigated 2381 mammalian bones uncovered in

archaeological excavations executed in Tell Arbid
(Syria) and classified 1272 of them. Osteometric
data of sheep bones in this study and the present
study are comparatively given in Table 12.
According to this, it was shown that the GL1 value
of talus of sheep from Kibyra was lower.

Mulville and Powell (1997) examined 1527 bone
remains uncovered in excavations performed in
Segsbury and reported that 49 (NISP%0:22) of these
bone remains were cattle, 11 (NISP%:4) were
sheep, 166 (NISP%:74) were sheep-goat. In this
study also osteometric values for some bones were
calculated. The data of the study (Mulville and
Powell, 1997) and the project are represented in
Table 13 comparatively. Accordingly, it was
observed that the Bd and BT values of humerus of
sheep from Kibyra was higher.

In conclusion, skeletal remains of sheep uncovered
in archaeological excavations executed in Ancient
City of Kibyra were examined osteometrically in
the present study. It is a fact that bones of animals
consumed need to be evaluated as a
zooarcheological material with specific terminology
rather than being an ordinary relict. Owing to
numeric and metric data, the present study is
thought to contribute to limited number of
zooarcheological studies in Turkey.

Table 8. Comparison of the coefficient of variation of osteometric measurements of metacarpus with modern

and archeological data of Kibyra sheep

Yenikapi-Marmaray

Motrkaraman (Demiraslan ve

Tuj (Demiraslan ve ark., 2015) Kivircik (Bacinoglu, 2006)

Kibyra (Pazv;gi 5ve ark., ark., 2015)
) Female Male Female Male Female Male
Order %CV  Order %CV Order %CV  Order %CV Order %CV Order %CV Order %CV  Order %CV
GL 3.4 DD 12.03 Bd 12.93 De 9.71 Be 11.67 DIL  14.22 SD 7.77 SD 8.2
Bp 8.0 SD 11.92 Dd 9.17 WCM 449 De 10.89 De 972 DEM 733 e 7.92
D 13.4 DEL 10.7 De 8.17 DD 4.01 Dd 813 WCL 726 Dd 7.23 DD 7.84
E 7.2 DEM 10.52 DD 733 DEL 392 SD 633 WCM 7 d 7.07 d 7.68
SD 9.9 d 10.32 SD 5.36 SD 3.04 GL 535 DEM 551 De 7.03 Be 6.27
DD 11.1 e 10.25 e 4.37 Be 3.63 DIL 5.23 SD 5.12 DIL 7.01 DIL 5.51
Bd 8.1 De 10.03 DEM 435 Dd 3.61 DEL 521 DD 508 DEL 0691 De 5.48
Dd 8.8 Bp 10 Be 4.23 e 3.43 e 5.2 Be 487 DIM 682 DIM 534
Be 292 WCL 9.87 d 3.64 DIM 342 d 5.19 Bp 4.85 Bp 6.63 DEL 515
De 9.9 WCM 9.55 WCL  3.22 DIL 2.85 Bp 5.1 GL 463 WCM 0648 WCL 5
DIM 101 DIL 9.4 DEL 308 DEM 2066 Bd 49 Dd 414 WCL 617 WCM 497
DEM 32 Bd 9.31 WCM 299 GL 2.61  WCL 4.8 d 4.1 Be 6.04 DEM 496
DIL 3.6 DIM 9.06 GL 256  WCL 259 DIM 451 Bd 3.98 DD 6.02 Bp 4.92
DEL 5.0 Be 8.93 DIM 247 Bp 256 DEM 415 DEL 397 Bd 6 Bd 4.73
WCM 85 GL 8.84 Bp 2.2 d 242 WCM 385 DIM 385 e 5.66 Dd 4.59
WCL 120 Dd 8.69 DIL  2.06 Bd 2.03 DD 2.91 e 3.16 GL 5.34 GL 3.97
Dp 8.4
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Table 9. Comparison of the coefficient of variation of osteometric measurements of metacarpus
with modern and archeological data of Kibyra sheep (Continuation of Table 8)

Lallemand, 2002 Guintard ve Lallemand, 2003  Davis, 1996  Anzaf Kalesi
Female Male Female Male Female iir:;g(;fse)
Order %CV Otrder %CV Order %CV Order %CV Order %CV Otrder %CV
d 15.04 d 19.61 d 15.04 d 19.61 DEM 538 De 7.84
SD 14.52 SD 18.85 SD 14.52 SD 18.85 DEL 5.4 DD 7.34
Bp 10.79 e 15.24 Bp 10.79 e 15.24 SD 5 SD 6.92
GL 9.56 DD 1432 GL 9.56 DD 1432 DIL 4.9 e 6.74
e 9.55 Bp 13.76 e 9.55 Bp 13.76 DIM 4.7 Dd 6.38
DD 9.37 Dp 13.32 DD 9.37 Dp 13.32 Bp 3.9 GL 6.36
Be 9.07 WCL 13.09 Be 9.07 WCL 13.09 GL 3.8 Be 5.64
Dp 8.56 Be 12.98 Dp 8.56 Be 1298 WCM 3.6 Bp 5.61
WCM 842 DEL 1275 WCM 842 DEL 1272 WCL 3.6 Dp 5.21
DEL 832 WCM 1269 DEL 832 WCM 12.69 Bd 3 Bd 4.13
De 821 DEM 1232 De 821 DEM 1232
DEM 8.14 Bd 11.96 DEM 8.14 Bd 11.96
WCL 804 DIM 11.75 WCL 804 DIM 11.75
Bd 7.79 DIL 11.74 Bd 7.97 DIL 11.74
Dd 7.73 GL 11.58 Dd 7.73 GL 11.58
DIL 7.36 De 11.24 DIL  7.36 De 11.24
DIM 7.18 Dd 997 DIM 7.18 Dd 9.97

Table 10. Comparison of the coefficient of variation of osteometric measurements of metatarsus with modern
and archeological data of Kibyra sheep

;(Ie“ikapl' M"’k“am“‘l‘: (]230‘;‘;‘““‘51““ Y€ Tuj (Demiraslan ve ark., 2015) Kwvircik (Bactnoglu, 2006)
Kiya e e 0
ark., 2015) Female Male Female Male Female Male
Order %CV  Order %CV Order %CV Order %CV Order %CV Order %CV ~ Order  %CV ~ Order %CV
GL 51 DD 849 Be 1481 De 65 WCM 1169 DEM 93 DEM 888 e 8.58
Bp 77 d 833 De 1013 e 466 Dd 808 WCM 586 d 7.84 d 7.69
d 142  De 82 d 748 DEL 381 GL 612 DIM 498 DIM 773 DD 747
e 131 SD 805 Dd 733 DIL 373 d 611  De 481 De 7.67 SD 739
SD 162 GL 789 SD 676 WCL 372 De 598 DEL 447 SD 752 De 667
DD 101 e 786 DEM 608 Dd 357 SD 527 DIL 435 WCL 7.25 Be 586
Bd 46 DEM 747 DEL 60l Be 326 Bp 5.1 e 4 Dd 709 DEL 582
Dd 59 DEL 738 e 592 DD 295 DIL 51 GL 399  DEL 697 DIL 56
Be 72 Dd 71 DD 546 d 291 DIM 502 Dd 39 DIL 68 DA 536
De 40 Dp 698 WCL 491 Bp 28 DD 495 Bd 38 WCM 663 DEM 533
DIM 61 Bp 678 Bd 416 Bd 262 WCL 494 Be 373 Bp 65 DIM 532
DEM 59 Be 664 WCM 383 WCM 22 Bd 488 WCL 364 DD 638 WCL 519
DIL 58 DIL 657 Bp 339 GL 206 Be 48 d 3.07 Be 6.23 Bp 503
DEL 122 DIM 657 GL 338 DEM 169 DEL 458 SD 257 e 611 Bd 501
WCM 32 WCM 633 DIM 328 DIM 147 e 423 DD 249 Bd 606 WCM 485
WCL 72 WCL 605 DIL 228 SD 127 DEM 413 Bp 231 GL 555  GL 411
Bd 591
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Table 11. Comparison of the coefficient of variation of osteometric measurements of metatarsus with
modern and archeological data of Kibyra sheep (Continuation of Table 10)

Lallemand, 2002 Guintard ve Lallemand, 2003 Davis, 1996  Anzaf Kalesi
(Onar ve
Female Male Female Male Female ark.,2008)

Order %CV Otrder %CV Otrder %CV  Otrder %CV Order %CV Otrder %CV
d 13.73 d 18.54 d 13.73 d 18.54 SD 5.1 DD 9.36
SD 12.66 SD 17.68 SD 12.66 SD 17.68 DIL 4.9 SD 8.32

e 1149 DEM 1683 e 1149 DEM 1683 DIM 44 e 8.29
GL 1041 e 1664 GL 1041 e 1664 GL 41 Dp 804
DEM 102 DEL 163 DEL 102 DEL 163 Bd 32 De 786
DEL 102 DD 1614 DEM 102 DD 1614 GL 771
DD 1018 Bp 153 DD 1018 Bp 153 Be 726
Dp 1004 Dp 1516 Dp 1004 Dp 1516 Bp 595
WCM 999 DIL 1482 WCM 99  DIL 1482 Dd 581
WCL 996 GL 1455 WCL 996  GL 1455 Bd 545

Bp 995 WCL 1447 Bp 9.95 WCL 14.47
Be 9.52 DIM 1445 Be 9.52 DIM 14.45
Dd 9.44 De 14.39 Dd 9.44 De 14.39
De 9.17 Be 14.23 De 9.17 Be 14.23
Bd 895 WCM 1423 Bd 8.95 WCM  14.23
DIL 8.5 Bd 13.71 DIL 8.5 Bd 13.71
DIM 825 Dd 1291 DIM  8.25 Dd 12.91

Table 12. Osteometric data of bone remains of ruminantia in Tell Abrid (VIIC; Early Jazeera, VIIB; Early
Dpynastic, VIIA; Akkadian, VI; PostAkkadian, M: Modern, K: Kibyra. The values are mm.)

Kemik Order VIIC VIIC/VIIB VIIB VIIA/VI M K
GLI1 31 32 29 29 27.2
Talus
Bp 20 20 18 21
Humerus Bd 32 29.8

Table 13. Comparison of osteometric data of bone remains in Segsbury and Kibyra (The values are mm.)

Ki Ki
Humerus byra Segsbury byra Segsbury
2938 284 272 27
Bp BFp
Ki Ki
Radius byra Segsbury byra Segsbury
29.7 25.2 237
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oz
Bu arastirmada, Afyonkarahisar Tli Damizlik Koyun-Kegi Yetistiricileri Birligi damizlik istasyonunda 2016 ve
2017 ydlarinda ¢oklu ve tekli dogum yapanlardan sekizer bas olmak tizere toplam 16 bas Pirlak koyunda Bone
Morphogenetic Protein Receptor type 1B (BMPR1B), Bone Morphogenetic Protein 15 (BMP15) ve Growth
Differentiation Factor 9 (GDF9) genlerindeki polimorfizmin varligt ve bunun tespit edilmesi durumunda ¢oklu
dogumla iliskilendirilmesi amaclanmigtir. Genetik c¢aligmalarda kullanilmak Gzere toplanan kan 6rnekleri
hayvanlarin 1. jugularis’lerinden EDTA’lt vakumlu tiplere alinmis ve genomik DNA izolasyon kiti kullanilarak

DNA izolasyonlart yapilmustir. Ilgili genler yoniinden gerceklestirilen PCR ve DNA dizileme analizleri
sonucunda her t¢ gen yoniinden de Pirlaklarin monomorfik yapida oldugu ortaya konulmustur.

Anahtar Kelimeler: Pirlak, D6l verimi, BMPR1B, BMP15, GDF9

Investigation of Possible Polymorphisms in BMPR1B, BMP15 and GDF9 Genes in Pirlak Sheep

ABSTRACT

This study was realised to determine the presence of polymorphism in major proliferacy genes named Bone
Morphogenetic Protein Receptor type 1B (BMPR1B), Bone Morphogenetic Protein 15 (BMP15) and Growth
Differentiation Factor 9 (GDF9) of 8 uniparous and 8 multiparous Pirlak sheep reared at Sheep and Goats
Breeders Association’s Breeding Station, Afyonkarahisar between 2016 and 2017. Blood samples collected for
using in genetic studies were taken from V. jugularis of animals into EDTA vacuum tubes and DNA isolations
were performed using genomic DNA isolation kit. The PCR and DNA sequencing analyzes carried out on the
basis of the respective genes revealed that Pirlaks are monomorphic in the aspect of above mentioned genes.
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GIRIS

Yaglt kuyruklu Dagliclar ile yagsiz kuyruklu
Kivirciklarin melezlenmesi sonucunda Pirlaklar elde
edilmistir. Bu irk orta irilikte olup renk beyaz, gbz
etrafinda, kulak uglarinda ve agiz etrafinda siyah
lekelere rastlanir. Ayaklari siyah lekeli olanlar da
gorilmektedir. Kulaklar yere paralel ve ileriye
dogrudur. Erkekler yanlara dogru acilan giicli
spiral boynuzlara sahiptir. Disiler genel olarak
boynuzsuzdur. Kuyruk inceden yari yagliya kadar
farklilik g6stermektedir. Kuyruk yagt uyluktan uca
dogru azalan bir yapidadir. Pirlaklarin  cevre
sartlarina diren¢ bakimmdan Kivirciklara ve kultiir
koyunlarina, canlt agihk ve kuzu verimi
bakimindan da Dagliglara gbére daha istiin
performans gdstermesi nedeniyle yayginliginin
artugini ve kesim kuzusu elde etmek amaciyla
yetistiricilerce  tercih  edildiklerini  belirtilmigtir
(Celikeloglu  2012).  Afyonkarahisar ili Suhut
ilcesinde yuritilen Pirlaklarin Halk Elinde Islahi-1
projesinin sonu¢ raporunda 2015 - 2016 dogum
sezonu i¢in doguran koyun basina disen kuzu
sayist elit strilerde 1.59 bildirilmistir (Tekerli ve
ark. 2016).

Verim yonii et olan koyun yetistiriciliginin karliligs
kuzularin agirligina ve sayisina baghdir. Bu nedenle,
seleksiyon  genellikle bu  6zellikler  tzerinde
yogunlasmaktadir (Tosh ve Kemp 1994). Fertilite
Ozelliginin kuzu eti Uretiminde karlilik ve verim
anlaminda biytk etkisi bulunmaktadir (Kumm
2008). Koyunlarda, ovilasyon orani ve bir
dogumdaki kuzu sayst, fertilite 6zelligi icin yiiksek
ckonomik 6neme sahiptit (Notter 2008). Fertilite
ile iligkili 6zelliklerin genellikle kalitm derecelerinin
distik olmast nedeniyle bu yonlii 1slahta molekiiler
tekniklerin  kullanilmasi  ve sonuglarin  sayisal
verilerle birlestirilmesi 6nem kazanmaktadir. Ayrica
koyunlarda ovilasyon orant ve bir dogumdaki kuzu
sayisi sadece disi cinsiyet Gzerinde ve ancak dogum
vaptiktan ~ sonra  gbzlemlenebilmektedir.  Bu
durumda 1slah  siirecinin  uzamast nedeniyle
molekiiler tekniklerin kullanimi agirhk
kazanmaktadir (Pramod ve ark. 2013).

Koyunlarda ¢oklu dogum o6zelligine ait major
genler tizerindeki genetik mutasyonlar ovilasyon
oranint  ve bir dogumdaki kuzu  sayisi
artrmaktadir (Karslt ve ark. 2012). Ovaryum’dan
elde edilmis Transforming Growth Factor-j
(TGFp) stiper familyasina ait BMPR1B, BMP15 ve
GDF9 genleri oviilasyon oranina etkilidir (Pramod
ve ark. 2013). Bu genlerin tek bir allelindeki
mutasyon Ozelligin  ekspiresyonu icin  yeterli
olmaktadir (Davis 2005).

BMPR1B diger adiyla Booroola (Fec B) geni, 6.
kromozom tzerinde olup ovaryumdaki bone

morphogenetic protein 1B reseptorini
kodlamaktadir (Davis 2005). Booroola geni, 1980°li
yillarda Avustralya’da ¢oklu dogum genleri icinde
ilk bulunan ve mutasyon tespit edilen gendir (Davis
ve ark. 1982). Bu genin, 1790k yillarda
Hindistan’dan getirilen Garole veya Bengal koyunu
olarak  bilinen koyunla getirildigi, merinos
strtlerinin fertilitesini artirmak icin kullamldigi ve
béylece  Booroola  hattinin  olusturuldugu
bildirilmektedir (Davis ve ark. 1982). Avrupa koyun
irklarinda olmadigi tespit edilen bu mutasyonun
Cin’de kisa kuyruklu Han ve Hu, Hindistanda
Kendrapada ve Endonezya’da  Javanese
koyunlarinda varligi tespit edilmistir ( Davis ve ark.
2002, Davis ve ark. 2006, Fogarty 2009). BMPR 1B
mutasyonu ovilasyon orant icin eklemeli, bir
dogumdaki kuzu sayist icin kismi dominanttir.
Heterozigotluk halinde oviilasyon orani 1.3- 1.72
ve homozigot mutasyon varliginda ise 2.7-3.0 kadar
yukselirken, bir dogumdaki kuzu sayist
heterozigotluk  halinde  0.9-1.32,  homozigot
mutasyon halinde ise 1.1-1.7 dizeyinde artmaktadir
(Piper ve ark. 1982, Logue ve ark. 1990, Dodds ve
ark. 1991).

BMP15 diger adiyla GDF9B (FecX) geni,
koyunlarda folikiiler gelisim icin gerekli olan ve
ovaryum  kokenli  biuyime  fakt6ri, bone
morphogenetic  protein 151  kodlayan gendir
(Hanrahan ve ark. 2004). Koyunlarda X
kromozomunda  bulunan  FecX, 54 kb
buyukligiindedir ve bir intron ile iki eksondan
olusmaktadir. Bu gen 393 aminoasit igeren bir
prepropeptid kodlamaktadir. Koyunlarda BMP15
folliktllerin preoviilasyon safhasina gelisimlerini
engellerken, follikiilogenezin erken donemlerinde
folliktllerin gelisimini destekler. Bu nedenle BMP-
15 ovillasyon sayist ve kuzulama sayisinin
belirlenmesinde cok 6nemli bir rol tstlenir (Girsel
2009). Bu gen X kromozomunda bulundugu icin
erkekler bu genin sadece bir kopyasint tagtyabilirler
ve bu kopyayt erkek yavrularina geciremezken disi
yavrularina  gecirebilmektedirler  (Davis  2005).
Homozigot tastyict olan disilerin kisir oldugu ilk
olarak Romney 1kt koyunlarda bulunmus ve
Inverdale geni (FecX!) olarak isimlendirilmistir.
Koyunlarda BMP15 follikillerin  preovillasyon
safhasina gelisimlerini engellerken, follikiilogenezin
erken  donemlerinde  follikilllerin  gelisimini
destekler. Bu nedenle BMP15 oviilasyon sayist ve
kuzulama sayisinin belitlenmesinde ¢ok énemli bir
rol ustlenir (Girsel 2009). Bu gline kadar yapilan
calismalarda  BMP15  geni icin  Romney
koyunlarinda FecX!, FecXH, Galway koyunlarinda
FecX6, Belclare koyunlarinda FecXPB, Lacaune
koyunlarinda FecX', Rasa Aragonesa koyunlarinda
FecXR, Grivette koyunlarinda FecX6r ve Olkuska
koyunlarinda FecX© olmak tizere sekiz adet tek
niikkleotid  polimorfizmi ~ (Single  nucleotide
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polimorphism: SNP) tespit edilmistir. (Davis 1982,
Alink ve ark. 2005, Davis 2005, Bodin 2007, Giirsel
2009, Monteagudo ve ark. 2009, Demars ve ark.
2013, Drouilhet ve ark. 2013). BMP 15 geni
yoninden, Romney koyunlarindaki FecX!, FecXH,
Galway koyunlarindaki FecX6, Belclare
koyunlarindaki FecXB, Lacaune koyunlarindaki
FecX!- ve Rasa Aragonesa koyunlarindaki FecXR
mutasyonlart heterozigot olarak tasindiginda bunun
oviilasyon oranini ve bir dogumdaki kuzu sayisint
artirdidi, ancak homozigotluk durumunda infertilite
problemlerine neden oldugu bildirilmistir (Davis
2005, Girsel 2009, Monteagudo ve ark. 2009,
Demars ve ark. 2013, Drouilhet ve ark. 2013).
Bununla beraber Grivette koyunlarindaki FecX6r
ve Olkuska koyunlarindaki FecX© mutasyonlarinin
digerlerinin  aksine homozigot hale gecmesi
durumunda koyunlarin ¢oklu dogum oraninda
yikselmeye yol actigt bildirilmistir (Demars ve ark.
2013).

GDF9 geninin koyunlarda oviilasyon ve dogum
oranlarina etkisinin oldugu ve koyunlarin 5.
kromozomunda bulunan 2.5 kb buyikliginde bir
adet intron ve iki adet eksondan olustugu, ayrica
453  aminoasitten olusan bir  prepropeptidi
kodladig1 bildirilmektedir (Sadighi ve ark. 2002).
GDF9 genindeki FecGH mutasyonu Chnin T'ye
degismesi sonucu olgunlasmus  peptidin = 77.
pozisyonunda  serinin  yerine  fenilalaninin
gecmesine neden olmaktadir (Hanrahan ve ark.
2004).  Girsel  (2009), GDF9  genindeki
mutasyonun ~ BMP15  mutasyonuna  kiyasla
ovillasyon orant Uzerine daha buyik -etkisinin
oldugunu bildirmistir. Dahast bu  arastirmaci
ovilasyon oraninin hem BMP15 hem de GDF9
mutasyonlarmt  birlikte  heterozigot  olarak
tastyanlarda, bu mutasyonlarin  sadece birini
heterozigot tastyanlara gére daha fazla oldugunu
ifade etmigtir.

Pirlaklarda daha 6nce ¢oklu dogum ve buna iliskin
genler uzerine yapimis bir calisma
bulunmamaktadir. Mevcut c¢alisma, bu yonuyle
o6ncl niteliginde olup ¢oklu dogum yéninden
literatiir  bildirisleri dogrultusunda major genler
olarak bilinen BMPR1B, BMP15 ve GDF9’daki
olast polimorfizmlerin Pirlak koyunlarda varhginin
arastirilmasini amaclamstir.

MATERYAL ve METOT

Hayvan Materyali

Arastirma, Tarimsal Arastirmalar ve Politikalar
Genel Mudurligi (TAGEM) koordinatorliigiinde
Halk Elinde Ulkesel Kiigiikbas Hayvan Islaht
projesi kapsaminda Pirlaklarda yuriitilen projeye
paralel olarak Afyonkarahisar Ili Damizlik Koyun-
Keci Yetistiricileri Birligi damizlik yetistirme ve test
istasyonunda elit sturti olarak yetistirilen en az iki

kez tek ve en az iki kez ¢oklu dogum yapmis 16 bas
Pirlak koyun tzerinde 2016-2017 yillart arasinda
yuritilmustir. Ayrica mevcut calisma icin Afyon
Kocatepe Universitesi Hayvan Deneyleri Yerel Etik
Kurulu’ndan 08.11.2016 tarihli ve 49533702/160
sayilt karar ile etik kurul onayt alinmustir.

Kan  Orneklerinin  Alinmast  ve DNA
Izolasyonu

Genetik calismalarda kullanilmak tizere toplanan
kan 6rnekleri hayvanlarda 1. jugularisden EDTA’lt
vakumlu tiiplere alinmugtir. Kan 6rnekleri soguk
zincir ile laboratuvara getirilmis ve DNA
izolasyonu agamasina kadar cryo tlplere konup
-200C’de saklanmistir. Kandan DNA izolasyonu
spin kolon kullanilarak Boom ve ark. (1990)’nin
yontemi ile gerceklestirilmisti. DNA Ornekleri
%0,6’lik agaroz jelde biitinlikleri acisindan kontrol
edilmis, miktar1 ve kalitesi spektrofotometre
cihazlart (Multiscan GO ve Qubit) kullandarak
olculmustir. DNA Ornekleri 20 ng/pl olacak
sekilde ayarlanmis ve analize kadar -20°C’de
saklanmustir.

PCR ve DNA Dizileme Analizleri

PCR analizi i¢in Tablo 1’de verilen ve FastPCR 6.0
paket  programi  ile  hazirlanan  primerler
kullandmistir (Kalendar ve ark. 2009).

Toplam 25 pl olan PCR karisiminda, 2 ul DNA (20
ng/ul), her bir primerden (10pmol) 0,7 ul, 10xPCR
buffer 2.5 pl, ANTP karistmindan 0.5 pl (10mM,
Roche), Platinium Taq Polimeraz (Thermo) 0.125
' ve ddHO dan 185 upl bulunmaktadir.
Reaksiyonlar ~ ABI ~ Veriti PCR  cihazinda
gerceklestirilmistit. PCR cihazt 94 °Cde 2 dk; 35
dongii 94 °Cde 40 sn, Ty (melting temperature)
(Tablo 1) 30 sn ve 72°C’de 1 dk, son asamada
72°C’de 10 dk olacak sekilde programlanmustir.
Daha sonra PCR  rinleri agaroz jelde
gorintilenmistir.

PCR riinlerini  gorintilemek amaciyla %2’lik
agaroz jel hazrlanmis ve Vilber Lourmat BIO-
VISION jel gorintileme sistemi  kullaniarak
gorintilenmistir. PCR  driinleri daha sonra
ExoSAP ile temizlenmistir. PCR Urtnlerinin
temizlenmesi amactyla PCR tiipu icerisine 5 pl PCR
drintnin, 0,5 pl Exonuclease-I  (Thermo,
ENO0582) ve 1,0 pl FastAP (Thermo, EF0652)
cklenmistir. Hazirlanan  kariggim PCR  cihazina
konularak 37 °C ' de 15 dakika, 85 °C ' de 15
dakika olacak sekilde ayarlanmustir.

DNA dizileme analizi i¢cin BigDye Terminator
v3.1’den 2 pl, 1x sequencing buffer’dan 11 ul, ileri
veya geri primerden (1 pmol) 5 ul ve PCR
triiniinden 2 pl olmak tizere toplam 20 pl karisim
hazirlanmis ve PCR cihazt 96°C’ de 30 sn on
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denatiirasyon; ayridma 96°C’ de 10 sn, yapisma
50°C’ de 15 sn ve uzatma 60°C’ de 4 dk 30 dongt
olacak sekilde programlanmistir. Daha sonra PCR
trtanleri BigDye XTherminator ile temizlenmis ve
DNA dizileme cihazina (ABI 3500) yetlestirilmistir.
DNA dizileme analizi sonucu her bir 6rnek
Sequencher 5.4.1 (Gene Code Corporation, Ann
Arbor, Michigan, USA) analiz programi ile
diizenlenmis, BioEdit 7.0.9 Sequence Alignment
(Hall 1999) programi yardimtyla hizalanmis ve
polimorfizmler belirlenmistir.

BULGULAR

PCR analizi sonucunda BMPRIB geninin 9.
eksonunda 419 be, 10. eksonunda 696 bg ve 13.
eksonunda 852 bg¢ ile 957 be¢ biytkliginde,
BMP15 geninin 1. cksonunda 462 bg¢ ve 2.
eksonunda 924 bg, GDF9 geninin 1. eksonunda
708 bg ve 2. eksonunda 1043 b¢ buyikliginde
PCR iriinleri elde edilmistir (Sekil 1-2, Tablo-1).
Yapilan DNA dizileme analizi sonrast DNA dizileri
diizenlenmis  ve  hizalanarak  polimorfizmler
yontunden degerlendirme yapilmugtir.  Analizler
sonucunda tek ve ¢oklu dogum yapan Pirlaklarda
BMPR1B, BMP15 ve GDF9 genlerinde
polimorfizm saptanmamugtir.

Tablo 1. Coklu dogumu etkileyen genler, bitytiklikleri ve Tm dereceleri
Table 1. Sizes and Tm degtrees of Genes affecting fecundity

T. Biyiklik

Gen Ileri (Forward) primer Geri (Revers) primer ©0) (b)
Ekson 9 TGTGTCTGCTGTATTGGCACAC  GCTAGGAAACCCTGAACATCG 59 419
Ekson 10 AGACACCTATGACAAAGGACG GCACACAATCCCAGACATTAGC 59 696
BMPRIB Ekson 132 GTATCGAGTGCCAGCCTTGCA TCCCACATCCTCTGAAGCTGC 63 852
Ekson 13b  TCTGGGGATTCCCACCCATGAC  GCAAAGAAGAGGGGCTTCCCAA 59 957
Ekson 1 ACATGTTGCTGAACACCAAGC AGGCAATGTGAAGCCTGACA 63 462
BMPIS Ekson 2 CAGTTTGTACTGAGCAGGTC GGCAATCATACCCTCATACTCC 63 924
Ekson 1 GAATTGAACCTAGCCCACCCAC  AGCCTACATCAACCCATGAGGC 63 708
GDF9 Ekson 2 AGGAACCTTTCCATCAGTGGA TCCTCCCAAAGGCATAGACAGG 58 1043
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Sekil 1. GDF9 ve BMP 15 genlerine ait PCR
rtinlerinin jel gérintisi
Figure 1. Gel electrophoresis of PCR products of
GDF9 and BMP15 genes

Sekil 2. BMPR 1B genine ait PCR urinlerinin jel
goriintlisit

Figure 2. Gel electrophoresis of PCR products of
BMPR1B gene
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TARTISMA

Ovilasyon oranmt artiran BMPRIB (booroola)
geninin, Garole, Han, Hu, Kendrapada ve Javanese
koyun irklarinda varligi tespit edilmistir (Davis ve
ark. 2002, Davis ve ark. 2006, Fogarty 2009).
BMPR 1B mutasyonu oviilasyon orant igin
eklemeli, bir dogumdaki kuzu sayist icin kismi
dominanttir. Heterozigotluk halinde oviilasyon
orant 1.3-1.6 ve homozigot mutasyon varliginda ise
2.7-3.0%e yukselitken, bir dogumdaki kuzu sayist
heterozigotluk ~ halinde  0.9-1.2,  homozigot
mutasyon halinde ise 1.1-1.7 diizeyinde artmaktadir
(Piper ve ark. 1982, Dodds ve ark. 1991). Logue ve
ark. (1990) tarafindan yapilan bir arastirmada
Texellerle Booroola Merinoslarinin melezlenmesi
sonucu meydana gelen Texel x Booroola Merinosu
Fi koyunlarinin oviilasyon diizeyinin Texel 1rki
koyunlara kiyasla 1.72 ve bir dogumda kuzu
sayisinin ise 1.32 kat yiikseldigi tespit edilmistir.. Bu
bulgulara gére BMPR1B geninin diger irklarda da
dol  verimi  iizerine pozitif etkisi oldugu
anlasilmaktadir. Bu arastirmada Pirlak koyunlarda
BMPR 1B geninde incelenen eksonlar bakimindan
polimorfizme rastlanmamugtir.

BMP15 geninde FecX! ve FecX" mutasyonlarina
sahip heterozigot koyunlarda oviilasyon 1.0, ¢coklu
dogum 0.6  diizeyinde  yikselmekte iken
homozigotluk durumunda infertilite problemleri
ctkt1g bildirilmistir (Davis 1992, Alink ve ark. 2005,
Davis 2005). Belclare allelinin bir kopyasini tastyan
heterozigot koyunlardaki oviilasyon orant 1.0
diizeyinde  yikselmekte olup  diger FecX
mutasyonlarinda oldugu gibi homozigot FecXB
koyunlarinin steril oldugu belirtilmektedir (Davis
2005). Galway allelinin  bir kopyasint tagiyan
koyunlarin oviilasyon orantnin 0.7 oraninda yuksek
oldugu tespit edilmistir. FecX! ve FecXH
mutasyonlarinda oldugu gibi FecXS mutasyonunu
homozigot olarak tastyan koyunlarda sterilite
sekillenmektedir (Davis 2005, Girsel 2009).
Lacaune 1wrkinda saptanan FecX' mutasyonunu
heterozigot olarak tastyanlarin, tasimayanlara gore
ortalama 1.5 adet daha fazla oviilasyona sahip
oldugu bildirilmistir. Bu mutasyonu homozigot
olarak tastyanlarda ise infertilite problemi oldugu
saptanmistir ~ (Bodin ~ 2007).  Ispanya koyun
irklarindan  olan Rasa Aragonesa koyunlarinda
bulunan FecXR mutasyonunu tagiyan heterozigot
koyunlarda ¢oklu dogum orant 2.66’ya yikselirken
tasimayan koyunlarda bu oranin 1.36 oldugu tespit
edilmistir. Mutasyonu ~ homozigot  olarak
tastyanlarda  infertilite =~ problemi  yasandigt
bildirilmistir (Monteagudo ve ark. 2009). Demars
ve ark. (2013) Fransa’nin Grivette ve Polonya’nin
Olkuska koyun rrklarindaki BMP15 geninde FecX6r
ve FecX© mutasyonlart bulundugunu ve diger
mutasyonlarin aksine homozigot mutasyona sahip

koyunlarin  ¢oklu dogum oraninda yiikselme
oldugunu bildirmislerdir. Ancak bu arastirmada
BMP 15 geni bakimindan Pirlaklarin bir varyasyon
gostermedikleri ve monomotfik olduklart tespit
edilmistir.

Koyunlarda yapilan Slctimlere dayanilarak GDF9
mutasyonunun BMP15 mutasyonuna kiyasla
ovilasyon orani Uzerine daha biytk etkisi oldugu
ve Cambridge ile Belclare 1rklarinda bir adet FecGH
tastyanlarin  oviilasyon oranlarinin  ortalama 1.4
civarinda arttg bildirilmistir (Giirsel 2009). Tlging
bir sekilde hem BMP15 hem de GDF9
mutasyonlarint  heterozigot  tastyanlar,  bu
mutasyonlart  ayrt  ayrt  tagiyan  heterozigot
tastyictlardan  daha yiksek ovilasyon miktarina
sahip olmaktadirlar (Giirsel 2009). Bu ¢alismada
GDF9 geni yontunden pirlaklarda herhangi bir
polimorfizme rastlanmamustir.

SONUC

Arastirmada, ¢oklu dogumu belifleyen BMPR1B,
BMP15 ve GDF9 isimli ti¢ farklt gen ele alinmis ve
her ¢ gen yoninden de Pirlak koyunlarin
monomorfik yapida olduklart tespit edilmistir. Bu
bilgiler 1siginda,  Pirlaklarda  ¢oklu  dogumu
belirleyen bu genler yoéntinden daha kapsamli
arastirmalar yapilmast ve ¢oklu dogumu etkileyen
diger genler yoninden de 1irkin incelenmesi
gerektigi kanaatine vardmistir.
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oz

Bu calismada, Afyon Kocatepe Universitesi Ahmet Necdet Sezer Kampiisi'nde gida satist yapan 6 adet kantinden yaz ve kis aylarinda
olmak tzere 2’ser kez 6rnekler alindi. Calisma kapsaminda calisanlarin parmaklarindan, dilimleme tahtalarindan, bigak saplarindan ve
degisik gidalardan Srnekler alinarak Aerob Mezofil Bakteri, S. aurens, Enterobactericeae, total koliform, Escherichia coli, stlfit indirgeyen
anerob bakteriler, Listeria monocytogenes ve Salmonella spp., agisindan analiz edildi. Incelenen 100 adet gida 6rneginin %91’inde toplam
Aerob Mezofil Bakteri (AMB) 2103 kob/g, %21’inde Enterobactericeae, %64 inde koliform bakteri, %14’inde E. coli, %025’inde S.anrens
2102 kob/g duzeylerinde bulundu. Gida 6rnekletinin (tavuk sis) Vinden Salmonella spp., %3’unden L. ivanovii, %5’inden L. seeligeri,
Yodinden L. welshimeri identifiye edilirken, stlfit indirgeyen anaerob bakteri ve L. monocytogenes saptanmadi. Bigak 6rneklerinin %77.5’inde
AMB 2103 kob/g, %35%inde Enterobactericeae, %52.5’sinde koliform, %12.5’inde E. e/, %17.5’inde S.aurens, 2102 kob/g duzeylerinde
identifiye edildi. Yizey 6rneklerinin ise; %55’inde AMB 2103 kob/g, %29.6’sinda Enterobactericeae, %37’ sinde koliform bakteri, %11’inde
E. coli, %614.8’inde S.anrens 2102 kob/g diizeylerinde tespit edildi. Gida calisanlarinin el érneklerinin mikroorganizma kontaminasyon
duzeyleti sirastyla; orneklerin %06.6’sinda Enterobactericeae 2.5 kob/cm?, %8.8’inde 1.0 kob/cm? % 4.4%unde koliform bakteri >2.5
kob/cm? ve % 15.5’inde >1.0 kob/cm?; %14.7’sinde E. co/i >21.0 kob/cm?; %15.5’inde S. aurens >22.5 kob/cm? ve %15.5’inde >1.0
kob/cm? olarak belitlendi. El 6rneklerinden saptanan bu degetlerin literatirde belitlenen hedef degetlerin (<2.5 kob/cm?) tzerinde
oldugu belirlendi.

Anahtar Kelimeler: Universite kampiisii, Gida calisani, Gida giivenligi bilgisi, indikat6r mikroorganizma, Kantinler

Evaluation of Hand Hygiene Situation of Food Handlers and Microbiological Quality of Retailed Some Foods in
University Campus Canteen

ABSTRACT

In this study, samples sailed six canteens were taken 2 times including the summer and winter in the Afyon Kocatepe University Ahmet
Necdet Sezer Campus. Scope of work the fingers of workers, slicing boards, from the knife handle and various food samples were
analyzed for mesophilic aerobic bacteria, S. aureus, Enterobactericeae, total coliform, E. coli, sulphite-reducing anaerobe bacteria L.
monocytogenes and Salmonella. Contamination levels of 100 food samples were detected respectively; 91% of samples =103 cfu/g TMAB,
%21 Enterobactericeae 2102 cfu/g, 64% coliforms 2102 cfu/g, 14% E. co/i 2102 cfu/g and 25% S. aurens 2102 cfu/g. Salmonella spp. was
detected only one samples (chicken skewer). While 3% L. ivanovii, 5% L. seeligeri, 4% L. welshimeri were isolated from all of the food
samples, sulphite-reducing anacrobe bacteria and L. monocytogenes was not detected. The levels of microorganisms were found from the
knife samples respectively; TMAB =103 cfu/g (77.5%); Enterobactericeae 210% cfu/g (35%); coliforms =102 cfu/g (52.5%); E. coli 2102
cfu/g (12.5%); S. aurens 2102 cfu/g (17.5% ). Surface samples were found contaminated with TMAB =103 cfu/g (55%); Enterobactericeae
2102 cfu/g (9.6%); coliforms 2102 cfu/g (37%); E. cwli 2102 cfu/g (11%); S. aurens 2102 cfu/g (14.8%). None of the samples wete not
detected sulphite-reducing anaerobe bacteria, L. monocytogenes and Salmonella. Contamination levels of hand samples were detected
respectively; Enterobactericeae 22.5 kob/cm? (6.6%) and =1.0 kob/cm? (8.8%)of samples; coliforms =2.5 kob/cm? (4.4%) and >1.0
kob/cm? (15.5%); E. coli 21.0 kob/cm?2 (14.7%); S. anrens 22.5 kob/cm? and 21.0 kob/cm? (15.5%). It was concluded that these values
determined from the hand samples were concluded above the target values (<2.5 cfu / cm?) in the literature.

Keywords: University campus, Food handlers, Knowledge food safety, Indicator microorganism, Canteens
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GIRIS

Diinya Saglik Orgiiti'ne (DSO) gore, her yil 600
milyon insan kontamine gida tiketimi sonucu
hastalanmaktadir. Bunlarin  420.000’inin  6ldugd,
Olenlerin  125.000%inin  ise 5 vyasin altindaki
cocuklardan olustugu rapor edilmistir (WHO,
2015) Gida guvenligi, sturdirilebilir gelismisligin
O6nemli bir bilesenidir. Cinki, globallesen gida
tretim siireci, gida giivenligi lzerinde 6nemli bir
etki olusturmustur. Bu isleyis, genis
populasyonlarin ~ gereksinimlerini  arastrma  ve
karsilama amaciyla tretim, dagiim ve pazarlamaya
odaklanmistir. Ancak, global gida bilgisine ragmen,
biyolojik, kimyasal, fiziksel tehlikelerin varligt satisa
sunum hatalarina yol agmaktadir (WHO, 2013).

Okul yasina giren ¢ocuklar ve ergenler i¢in giivenli
gida saglanmasi, hiikiimetler ve diger ilgili taraflar
icin buyik bir endise kaynagt olup, séz konusu
grubun saglik, biiyiime ve gelismesini iyilestirmekte
aynt zamanda gelismekte olan tlkelerde egitimin
devam etmesini tesvik etmektedir (Afoakwa, 2005;
Oranusi ve ark., 2007; Santana ve ark., 2009). Bu
nedenle, kontaminasyonlarin neden oldugu gida
kaynakli hastaliklar, catering sektériinde 6nem
teskil etmektedir. Bu tip gida kaynakli hastalik ve
salginlar, diinya genelinde gézlenen mortalite ve
morbiditeye buyik katki saglamaktadir (Mclntyre
ve ark., 2013). Kore’de gida kaynaklt hastalik vaka
bildirimlerinin %47’sinin, Brezilya’da %11.6’sinin
okul  catering  servislerine ait  oldugu
bildirilmektedir. (Santana ve ark, 2009; Ryu ve ark.,
2011). Giney Wales’te 2005 yiinda okul
yemeginden E. /i O157:H7 vakast (Meldrum ve
ark., 2009), Fransa’da 2010 yilinda 544 yetiskinin
etkilendigi ~ Salmonella  spp.,  kaynakli  gida
zehirlenmesi, 2012 yiinda Almanya’da  yiizden
fazla okulda 11.200 Ogrencinin  etkilendigi
norovirus salgini (Marzono ve Balzaretti, 2013),
Gana’nin Accra Rejiyonal bélgesi'ndeki bir okulda
2007 yiinda 1348 okul cocugunu etkileyen gida
zehirlenme vakast (WHO, 2009; WHO, 2012)
bildirilmistir. Malm ve ark., (2015) s6z konusu
durumlarin, gidalarin - muhafaza  kosullarindaki
yetersizlikten ~ve aynt  zamanda  okullarda
zehitlenme  vakalarinin tekrar  olugmasindan
kacinmak icin olusturulmus bir protokolun
olmamasindan kaynaklandigint bildirmistir.

Gida calisanlarinin tim gida kaynakli salginlarin
%97’sinden sorumlu oldugu tahmin edilmektedir
(Egan ve ark., 2007). Bu nedenle, gida ¢alisanlarinin
givenli ve hijyenik gida saglamaya iliskin
sorumluluklar: kritik 6neme sahiptir (Greig ve ark.,
2007). Gastro-intestinal hastaliga yakalanan gida
calisanlarinin elleri vasttastyla zaratl
mikroorganizmalar ~ yayilmakta  ve  ¢apraz
kontaminasyonlara yol agmaktadir (Abdul-Mutalib

ve ark., 2012). Avrupa Birligi'nde, Avrupa Gida
Givenligi Otoritesi (EFSA, 2010) tarafindan 2008
yilinda, toplam 5332 gida zehirlenmesi vakasindan
45.622 kisinin etkiledigi, 6230 kisinin hastanede
tedavi altina alindigr, 32 kisinin ise oldigi
bildirilmistir. Bu rapora gore; gida hazirlanmast
esnasinda personel kaynaklt bulasmalar, uygun
olmayan gida muhafaza yontemleri, kontamine
islenmemis  katki maddesi kullanimi, uygun
olmayan 1si-zaman parametreleri ve yetersiz 1st
isleminin baglica sebepler oldugu rapor edilmistit.
Avrupa Birligi 852/ 2004 no’lu regiilasyonuna gore,
gida  hijyeni konusunda gida calisanlarinin
egitilmeleri yasal bir gereklilik olup, gida ile temast
olan personelin kendi is alanlarina gére gida hijyeni
konusunda egitilmeleri ve denetlenmeleri teminat
altna alinmustir. Yapilan diizenlemelere ragmen,
son zamanlarda 1ngﬂtere, Itlanda, Portekiz,
Slovenya ve Tiurkiye’de yapilan calismalar gida
calisanlarinin - hijyen bilgi ve  uygulamalarinin
iyilestirilmesi  gerektigini ortaya koymaktadir (Bas
ve ark., 2006; Bolton ve ark., 2008; Gomes-Neves
ve ark., 2007; Jevsnik ve ark., 2008; Toku¢ ve atk,
2009; Walker ve ark., 2003). Gida galisanlart yoluyla
meydana gelen gida zehirlenmelerinde t¢ temel
faktor rol almaktadir: 1) calisanlarin konuya iliskin
bilgisi 2) tutumu ve 3) davranislari dir (Sharif ve Al-
Malki, 2010). Hizmet ic¢i egitim programlari,
calisanlarin bilgisini artirmak icin 6nemli olmakla
birlikte, ¢ok fazla bilgi vermek her zaman
calisanlarin tutum ve davranslarinda pozitif yonde
bir degisiklige neden olmayabilmektedir (Ansari-
Lari ve ark, 2010). Bu nedenle bir¢cok tlkede gida
calisanlarin bilgi, genel durum ve gida hazirlama
uygulamalariyla ilgili bircok c¢alisma yapilmistir
(Ansari-Lari ve ark, 2010; Bas ve ark, 20006;
Capunzo ve ark, 2005; Jevsnik ve ark, 2008;
Martins ve ark., 2012; Seaman ve Eves, 2010). Tum
bu c¢aligmalarda, Oncelikle hizmet i¢i egitim
gereklilikleri belirlenmis, egitim sonrast verilen
egitimin etkinligi degerlendirilmis ve iyl kalitede
gida Uretiminin surekliligini saglamak icin s6z
konusu egitimlerin siireklilik arz etmesi gerektigi
vurgulanmigtir.

Kantin  ortamlarinda  &grencilerin  titketimine
sunulacak gidalarin hazirlanmasinda goérevli gida
calisanlarinin iyi kaliteli gida hazirlayabilmeleri igin
ilgili mevzuata uygun calisma  prensiplerini
benimsemis  olmalar1  gerekmektedir. ilgili
mevzuatlara ragmen, gida hazirlama esnasinda
alinan giivenlik 6nlemlerinin yeterli olmadigi, ¢cogu
yerde gida hazirlamanin belli asamalarinda spesifik
sanitasyon gerekliliklerinin = g6z ardt edildigi,
uygulanmadigi gézlemlenmektedir. Gida glivenligi
kapsaminda iyi personel hijyeni ve sanitasyon
uygulamalari, gida kaynakl hastaliklarin
Onlenmesinde temel basamak olarak gérilmektedir.
Cogu gida personelinin konuya iliskin yeterli bilgi
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ve beceriye sahip olmasina karsin, halen bircok gida
zehirlenme  vakalarindan  gida  personelinden
kaynaklanan kontaminasyonlar sorumlu
tutulmaktadir (Ehiri ve Morris, 1996; Greig ve ark,
2007; Howes ve ark, 1990).

Patojenlerin = muhtemel varhgina isaret eden
mikroorganizmalari veya mikroorganizma grubunu
tanimlayan mikrobiyel indikatérlerin varligi ve sayist
genel olarak sanitasyon programlarinin etkinliginin
degerlendirilmesi i¢in kullanilmaktadir (Moore ve
Griffith, 2002). Hijyen uygulamalart ile iligkili
olarak, indikatdr mikroorganizmalar, total canlt
bakteri sayisi, koliformlar, E.coli, Enterobactericeae ve
S. awrens olarak tanimlanmistir (Department of
Health, South Africa, 2001). En vyaygin gida
kaynakli hastalik, stafilokokal gida zehirlenmesi
olmakla birlikte, diger enfeksiyon etkenleri arasinda
E. coli, Salmonella, Listeria, Campylobacter, Bacillus ve
Clostridium  tirleri yer almakta ve s6z konusu
etkenlerin sebep oldugu enfeksiyonlar Sliimlere ve
6nemli Slciide is guicii kayiplarina yol a¢maktadir
(Talaro ve Talaro, 1996; Borch ve Arinder, 2002).
Insan kafa derisinde yaklasik 106 kob/cm?, koltuk
alunda 5x105> kob/cm?, karin bolgesinde 4x10*
kob/cm?, 6n kol bolgesinde 1x10* kob/cm?,
ellerinde 3.9x104 ile 4.6x106 kob/cm? arasinda
parmak ucunda ise 0 ile 300 kob/cm? civarinda
bakteri bulundugu rapor edilmistir (WHO, 2009).
Bu bakteriler arasmnda stafilokoklar ellerde
bulunmalarina karsin, ana rezervuart insan burun
delikleridir. Bu mikroorganizma, subkutan ve deri
enfeksiyonlari, osteomyelit, pneumoni, apse,
endokardit ve bakteriyemi gibi ¢ok genis bir
enfeksiyon grubundan sorumludur (Gelatti ve ark.,
2009). S. aurens giysi ve kuru yuzeyler gibi ortamlari
ve stresli cevre sartlarint tolere edebilen bir
bakteridir (Chaibenjawong ve Foster, 2011). Bu
sebeple ellerde ve yiizeylerde ilk kontaktan sonra
uzun sireler canlt kalabilir (Kusumaningrum ve
ark., 2002; Scott and BloomWield, 1990). E. co/i
bagirsak kokenli patojen bir mikroorganizma olup,
genel olarak tuvalet hijyeni yetersizliginden
kaynaklanmakta ve yine gida ile temas halinde olan
personelin eli ile gidaya bulasmaktadir (Lues ve
Tonder, 2007). Tuketime hazir gidalarin, 1st
uygulamast ya da pisirme sonrast dilimleme ve
paketleme asamalarinda S. awrens ile kontamine
olduklari, cevresel ylzeylerdeki S. awreus sayisinda
da artts Dbelitlendigi, bu durumun capraz
kontaminasyonlar sonucu sekillendigi bildirilmistir.
Etken siklikla gida calisanlarinin  eldivenlerinde
bulunmaktadir  (Syne ve ark., 2013). Eldivenler,
hazir gida satist  yapilan yerlerde calisanlar
tarafindan  siklikla  degistirilmezse,  ¢apraz
kontaminasyonun en onemli kaynagini
olusturmaktadirr. Clinkd patojen bakteriler, eldiven
yuzeyine vyapsilar. Eller dogru bir sekilde
yitkanmadan eldivenlerin giyilmesi ile eldivenin

icinin ve distin kontamine edildigi, eldiven
giyildiginde, genellikle el yikama isleminden
kaciniddigr belirtilmektedir. Bu durumda eldiven;
ik, nemli bir ortam saglamakta ve ellerdeki
mikrobiyel gelisimi hizlandiran ve tesvik eden bir
ortam olusturmaktadir (Lues ve Van Tonder, 2007;
Aycicek ve ark., 2004). Bu nedenledir ki, el hijyeni,
patojen mikroorganizmalarin gegisinin
onlenmesinde, infeksiyon gOrilme  sikliginin
azalmasinda olduk¢a 6nemli bir uygulamadir
(Soares ve ark., 2012; Schweon ve ark., 2013). Su ve
sabun ile ytkamayla, kontamine elden uzaklastirilan
bakteri oraninin (ortalama logio azalma) 15 s’de 0.6-
1.1; 30 s’de 1.8-2.8; 1 dk’da 2.7-3.0; 2 dk’da 3.3; 4
dk’da 3.7 dizeyinde azaldigi tespit edilmigtir
(Rotter, 1999). Bu calismada Afyon Kocatepe
Universitesi Ahmet Necdet Sezer Kampiisi'ndeki
kantin ve kafeteryalarda farkli tirde titketime
sunulan hazir gidalardan, dilimleme tahtalarindan,
bigak saplarindan alinan &rnekler, AMB, total
koliform, Ewnterobactericeae, E. coli, Staphylococcus
aurens, sulfit indirgeyen anerob bakteriler, Listeria
monocytogenes ve Salmonella spp. acisindan analiz
edildi. Calisan personelin elleri ise, koliform,
Enterobactericeae, E.  coli,  Staphylococcus — anreus
bakimindan incelendi. Ayrica ¢alisma kapsaminda,
gida satist yapilan isletmelerde gidalarin mikrobiyel
kalitesine etki edebilecek faktorleri (isletme,
personel ve hijyen bilgileri) degerlendirmek
amaciyla anket uygulamast yapidi.  Calisma
sonunda, anket  sonuclart ile  incelenen
mikrobiyolojik parametreler arasinda iliski olup
olmadigt degerlendirildi.

MATERYAL ve METOT

CGalismada kampis icerisindeki 6 farkli kantine ait
ornekler, yaz ve kis dénemlerini kapsayacak sekilde
incelendi. Yazin Haziran-Temmuz-Agustos, kisin
Aralik-Ocak-Subat aylarinda, toplam 100 adet gida
Ornegi, 45 personelin el 6rnegi, 27 adet kesim
tahtast ve 40 adet bigak sap1 yiizey Srnegi toplandi.
El 6rnekleri Enterobactericeae, koliform, E. coli ve S.
anrens yonunden; gida, bicak ve ylzey 6rnekleri ise;
AMB, Eunterobactericeae, total koliform, E. coli, §.
anrens, sulfit-indirgeyen  anaerob  bakteri, L.
monocytogenes  ve  Salmonella  spp.  bakimindan
incelendi.

Ellerin Orneklenmesi

Satis yerlerinde calisan personelin her iki eline ait,
basparmak ve isaret parmagmi OSrneklemek icin
selektif agar iceren RODAC petrileri kullanildi. Bu
amagla isaret parmagt icin S. aureus izolasyonunda
Baird-Parker Agar’a (Oxoid CM 0275) alinan
ornekler 24-48 saat 37°C’de inkube edildi. Etrafi
beyaz haleli siyah koloniler tipik S. aureus kolonileri
olarak degerlendirilerek, koagulaz test (Oxoid,
Staphytect test kit) ile dogrulandi. Calisanlarin
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basparmaklarinda Enterobactericeae, total koliform, E.
coli tutlerini tespit etmek amactyla Chromocult
coliform Agar (Merck, 1.10426) kullanildi. Petriler
370C’de 24 saat inkube edildi. Inkubasyon
sonucunda tipik somon-kirmizt renk koloniler
koliform grubu bakteri, koyu mavi-mor menekse
renginde olanlar E. o/ ve renksiz koloniler ise
Enterobactericeae familyasina ait olarak degerlendirildi
(Blood ve Curtis 1995; De Boer 1998).

Yiizeylerin Orneklenmesi

Kesim tahtalar1 ve bicak saplarini 6rneklemek igin
i¢ alant 15 cm? olan steril bir ¢ercevenin sinirladigt
bolgeden 2 farkli swap O6rnegi alindi. Swap
orneklerinden biri AMGC, total koliform E. col,
Enterobactericeae, S. aureus ve  silfit-indirgeyen
anaerob bakterilerin sayimu i¢in kullanildi. Digeri L.
monocytogenes, Salmonella spp. izolasyonunun ik
adimi olan 6n zenginlestirme asamast i¢in kullanidu.
Bu amacla AMGC, total koliform E. o/,
Enterobactericeae, S. anrens ve silfit-indirgeyen
anaerob bakterilerin sayimu icin kullanilacak steril
pamuklu swaplar (T'56-A, Technical Service
Consultants Ltd.) %0.05 Sodyum tiyosilfat iceren
maksimum geri kazanim sulandirma  (MRD,
maximum recovery diluent OXOID CM733) ajant
ile 1slatddiktan sonra bicak ve kesim tahtalar
yuzeylerine 3’er defa 3 yonde siirilerek 6rnekleme
islemi tamamlandt. Swaplar tekrar MRD tiiplerine
yerlestirildi (Redmond ve ark., 2004; Cordoba ve
ark., 1999). S6z konusu tiipler soguk zincir altinda
laboratuvara taginarak steril peptonlu su ile seri
dilusyonlart hazirlanarak her bakteriye 6zel besi
yetleri kullanilmak suretiyle ekimler yapildi. Yuzey
ve bicak saplarindan alinan swap Orneklerini iceren
tipler, sayimi yapilacak olan diger bakteriler icin
ilgili besi yerlerine ekim yapildiktan sonra stlfit
indirgeyen anaerob bakterilerin spor formlarinin
sayimi icin 75°C’de 20 dakika 1st islemine tabi
tutuldu. Ist isleminden sonra 1 ml alinip steril
petrilere 1’er ml inokule edilerek tizerine 15 ml Iron
Sulfite Agar (Oxoid, CM 0079) dokilip,
sogutularak yaklasik 5-10 ml ayn1 agardan ikinci kat
dokiim vyapilarak anaerob kosullarda 24-48 saat
3741 9C’de inkube edildi. Inkubasyon sonunda
siyah koloniler degerlendirmeye alindi (ISO, 2003).
Kesim tahtalart ve bicak saplarindan alinan ikinci
swaplar ise icerisinde 10 ml half fraser broth
bulunan steril tliplere alinarak direkt olarak 6n
zenginlestirme asamast i¢in  kullanildi.  Swap
orneklerinden L. monocytogenes izolasyonu  igin
(I5011290-1) prosediri kullanddi (ISO, 2004).
Salmonella 1zolasyonu icin ise, 1SO 6579 (ISO,
2002) yontemi uyguland.

Gidalarin Orneklenmesi

Isletmelerden ayrica steril posetlere 100%er g gida
Ornekleri alinarak diger Srnekler ile birlikte soguk
zincir altinda laboratuvara getirilerek 1-2 saat

igerisinde analize alindi. Almnan gida 6rneklerinden
10’ar g tartilarak, AMGC icin Plate Count Agar
(PCA)’a ekim yapilarak 30°C’de 48-72 saat inkube
edildi. S. awrens icin Baird Parker Agar’a ekim
yapilarak  35°C’de 24-48 saat inkibasyonun
ardindan tipik S. awreus kolonileri (etrafi beyaz hale
ile ¢evrili siyah koloniler) sayilarak degerlendirmeye
alindi (Baird ve Lee, 1995). Elde edilen koloniler
koagulaz  test kit  kullanidlarak  dogruland:
(Staphytect test kit OXOID). Total koliform E. co/i
ve Enterobactericeae familyasina ait bakteri tirlerini
tespit etmek amactyla Chromocult Coliform Agar
(Merck, 1.10426) kullanilarak, 35-37°C’de 24 saat
inkubasyon sonucunda tipik somon-kirmizi renk
koloniler koliform grubu bakteri, koyu mavi-mor
menckse renginde olan koloniler E. /i ve renksiz
koloniler ise Enferobactericeae familyasina ait olarak
degerlendirildi (Blood and Curtis, 1995; De Boer,
1998). Silfit-indirgeyen anaerob bakterilerin sayimi
icin Iron Sulfite Agar’a (Oxoid, CM 0079) ckim
yapilarak, 37°C’de 48 saat inkubasyonun ardindan
siyah koloniler degerlendirmeye alindt (ISO, 2003).

L. monocytogenes  izolasyonu  ISO  11290-1
prosediriine gbre yapildt  (ISO, 2004). Bu
prosediire gore; her bir 6rnekten 25 g alinarak steril
stomacher posetine konulduktan sonra tzerine 225
ml Half Fraser Broth (Oxoid, CM0895) cklenip
homojenize edilerek 30°C’de 24 saat inkube edildi.
Daha sonra zenginlestirilme brothlarindan 0.1 ml
alinarak icerisinde 10 ml Fraser Broth bulunan
tiiplere aktarildiktan sonra 48 saat 37°C’de selektif
zenginlestirme asamast  gerceklestirildi.  Fraser
brothlarda selektif zenginlestirme stvisindan bir 6ze
dolusu alintp Chromogenic Listeria Agar’a (Oxoid,
CM1084) ve Listeria selektif agar’a (Oxford)
(Oxoid, CM856) ekim yapidi. S6z konusu selektif
agarlar 379C’de 48 saat inkube edildi. Inkiibasyon
stresi sonunda Oxford agar’da etraft siyah hale ile
cevrili yesilimsi r6fle veren koloniler, chromogenic
Listeria agar’da ise etrafi opak haleli yesil-mavi
koloniler stpheli kabul edildi. Her bir besi yerinde
5 stpheli koloni %0.6’ik Yeast Extract Powder
(TSYEA) (Oxoid LP0021) ilaveli Tryptic Soy
Agar’a (Oxoid CMO0131) gecilerek 24 saat 37°C’de
inkube edildi. Elde edilen izolatlar gram boyama
hareketlilik testi, katalaz, oksidaz, hemoliz CAMP
tesleri ve karbonhidrat kullanimi acisindan test
edilip aynt zamanda Listeria 121. Microbact sistemi
(Oxoid MB1128A) ile biyokimyasal acidan
identifiye edildi. Salmonella izolasyonu icin ise, ISO
6579 (ISO, 2002) yontemi uyguland.

Anket Uygulamasi

Calismaya Afyon Kocatepe Universitesi Ahmet
Necdet Sezer Kampist icinde yer alan 6 kantinde
calisan 45 kisi dahil edildi. Kantinlerde gida
givenligi konusunda mikrobiyel kalite ile ilgili risk
faktorlerine yonelik 27 sorudan olusan bir anket
uygulandr. Anket uygulamalari mikrobiyolojik

366



analizler icin 6rnek toplama ile es zamanli olarak
yapildt. Arastirmada katihimecilarin bilgi dizeyleri
frekans ve ylizde dagilimlar ile sunulmus olup,

degerlendirmelerde Ki-kare (x?) testi kullanild.
BULGULAR

Incelenen 100 adet gida 6rneginin %91’inde toplam
Aerob  Mezofil Bakteri (AMB) 210 kob/g,
%2Vinde Enterobactericeac 2102 kob/g, %64 unde
koliform bakteri =102 kob/g, %14’unde E. cli
2102 kob/g, %25inde S.aureus 2102 kob/g
diizeylerinde bulundu. Gida 6rneklerinin (tavuk sis)
Vinden Salmonella spp., %03%inden L. zvanovii,
%5inden L. seeligeri, %4 anden L. welshimeri izole
edilitken, L. monocytogenes ve sulfit indirgeyen
anaerob bakteri saptanmadi.

Bigak Orneklerinin %77.5inde AMB 2103 kob/g,
%35’inde Enterobactericeae 2102 kob/g, %52.5’sinde
koliform bakteri 2102 kob/g, %12.5’inde E. coli

2102 kob/g, %17.5inde S.aureus =102 kob/g
diizeylerinde identifiye edildi.

Yizey Orneklerinin ise; %55inde AMB 2103
kob/g, %29.6’sitnda Enterobactericeac 210% kob/g,
37’sinde koliform bakteri 2102 kob/g, %11’inde E.
coli 2102 kob/g, %14.8’inde S.aurens 2102 kob/g
dizeylerinde  tespit edildi. Bicak ve yiizey
Orneklerinden silfit-indirgeyen anaerob bakteri, L.
monocytogenes ve Salmonella  spp., izole edilmedi

(Tablo 1).

El  ornekletinin = %40 indan  Enterobactericeae,
%51.17’inden  koliform, 9%57.7’sinden E. o/,
%57.7’sinden 5. aurens izole edildi. Ornekletin
%06.6’sinda Enterobactericeae diizeyi >2.5 kob/cm? ve
%8.8’inde  >1.0 kob/cm? koliform dizeyi
%4.4tinde >2.5 kob/cm? ve %15.5’inde >1.0
kob/cm?; E. coli duzeyi %14.7’sinde >1.0 kob/cm?;
S. aurens dizeyi %15.5’inde >2.5 kob/cm? ve
%15.5’inde >1.0 kob/cm? olarak belitlendi (Tablo
2).

Tablo 1: Gida, bicak ve ylzey 6rneklerinin mikrobiyolojik sonuglart
Table 1: Microbiological results of food, knife and surface samples

Sulfit

. AMB Enterobactericeae Koliform E. coli S. aurens Salmonella
Analiz indirgeyen L. monocytogenes
, >108 >102 >102 2102 >102 spp.
. edilen anaerob
Ornek
ornek
b b b b b b b b
say1st n n n n n n n
(%) (%) (%) (%) (%) (%) (%) (%)
Gida 100 95 91 56 21 62 64 64 14 56 25 1 1
Bigak 40 38 775 14 35 21 52.5 5 12.5 7 17.5
Yiizey 27 22 55 8 29.6 11 37 3 11 4 14.8
n: pozitif Srnek sayist
b: pozitif 6rnek yiizdesi
Tablo 2: Gida calisanlarinin el hijyen profilleri
Table 2: Hand hygiene profiles of food handlers
Mikroorganizma Pozitif 6rnek sayis1 (o) Hedefi agan

olumlu 6rnek sayis1

Enterobacteriaceae™ 18(40)

Kolliform 23 (51.1)
E. coli 29 (57.7)
S. aurens* 29 (57.7)

3 (%6.6) )>2.5 kob/cm?
1(%8.8) >1 kob/ cm?

2 (%4.4)>2.5 kob/cm?
7 (%15.5)>1 kob/ cm?

8 (14.7)>1 kob/ cm?

7 (%15.5) )>2.5 kob/cm?
7 (%15.5) )=1 kob/ cm?

n: Farkli kantin ve kafeteryalardaki toplam el 6rnegi sayist
*: Hedef deger yok
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TARTISMA

Gida kaynakli hastaliklarin biyik ¢ogunlugunun,
aida hazirlama asamasindaki yetersiz
uygulamalardan  kaynaklandigi  bildirilmektedir
(EFSA, 2010). Gida calisanlart bu salginlar ile uzun
stredir iliskilendirilmekte ve bu gidisatin azaldigina
dair herhangi bir isaret bulunmamaktadir (Greig ve
ark., 2007). Bu ¢alisgmada, gida calisanlarinin gida
givenligine iliskin bilgi duzeylerinin dogru cevap
skorunun (%066.7 e %100 arast) yuksek dizeye
sahip oldugu gézlenmistir. Fakat el 6rneklerinden
elde edilen sonuglarin bu durumla paralellik
gostermedigi  saptanmustir.  Benzer  sekilde
Romanya’da kiictik ve orta Slgekli isletmelerde gida
calisanlarina yapilan anket sonuclarindaki dogru
cevap skoru %063.2 olarak belirlenmistir (Jianu ve
Chis, 2012). Genellikle eldiven kullanan gida
calisanlarinin el ytkama aligkanhgina sahip olmadigi
(Pittet ve ark., 2000) bildirilmistir. Gida sektbriinde
calisan personelin bilingsiz ve belki de aliskanlikla
viicut bélgelerine dokunduktan sonra gidaya temas
etmeleri ve patojen bir bakteriyi = gidaya
bulastirabileceklerinin farkinda olmamalari (Green
ve ark., 2007), uyumsuz olmakta 1srarct olmalari, rol
modelin bulunmayssi, (Pittet ve ark., 2000) ne
zaman ellerini yikayacaklarini  bilmemeleri veya
cogunlukla ytkamamayi tercih etmeleri, kurumun el
hijyenine 6nem vermemesi, el hijyeni etkisini
bilmemesi, sabun ve dezenfektana ulasamamast,
kurumsal olarak diizenli sekilde el hijyen tamitim,
egitim ve performans eksikliginin geri bildiriminin
olmamasi gibi faktorlerin bu sonuca etkili oldugu
disinilmektedir. Green ve ark., (2007) yaptiklari
calismada, calisanlarin %27’sinin el ytkama islemini
uygun olarak gerceklestirdiklerini, %032’sinin ise bu
prosediire uymadiklarin, en sik rastlanan durumun
ise sabun kullanmadan el yikama aligkanhg:
oldugunu bildirilmigtir. Lues ve Van Tonder,
(2007) yaptiklart ¢alismada, personel el 6rneklerinin
%44 inde Enterobactericead nin saptandigini,
%32’sinde koliform bakteri, bir personeldeki E. co/i
diizeyinin yasal limitleri astigini, S. aureus dizeyinin
ise %88inde <9.8x10! kob/cm? oldugunu rapor
etmislerdir.  Genel hijyen  bilgisinin = egitim
seviyesiyle direk iliskili oldugu, en stk verilen yanlis
cevaplarin  mikrobiyel risklere iliskin, capraz
kontaminasyon ve sicaklik kontrolleriyle ilgili
sorulara ait oldugu bildirilmektedir (Jianu ve Chis,
2012). Calisanlarin yaptiklart ise yonelik tatmin
duygularinin gida hijyen tutum ve davranislaring
onemli dizeyde etkiledigi belirtilmektedir (Jevsnik
ve ark., 2008; Ko, 2013). Ayrica, kilttrel ve sosyal
gereksinimlerin, el hijyeni bilinciyle yakindan alakali
oldugu, ise baslarken, her tuvalet cikisinda,
hapsirma veya Oksiirme sonrasinda, burun silme
sonrasinda, kirli malzemeye dokunduktan sonra
ellerin yikanmast ve dezenfekte edilmesi gerektigi
tizerinde 6nemle durulmaktadir (Juuma, 2005).

Yapilan bir¢ok calisgmada, gida calisanlarinin bilgi,
genel durum ve gida hazirlama uygulamalar
incelemeye alinmustir (Capunzo ve ark., 2005; Bas
ve ark, 2000; Jevsnik ve ark., 2008; Santos ve ark.,
2008; Ansari-Lari ve ark., 2010; Seaman ve Eves,
2010; Martins ve ark., 2012; Osaili ve ark., 2013).
Bu calisgmalarin tamaminda, ilk olarak hizmet ici
egitim gereklilikleri belitlenmis, verilen egitimin
etkinligi degerlendirilmis ve 1iyi kalitede gida
tretimini saglamak icin egitimlerin  streklilik
arzetmesi gerektigi vurgulanmistir. Hijyen tutum ve
aligkanliklarindaki  yanlis uygulamalarin  sadece
hijyen egitimiyle alakali olmadigi, bu duruma pek
¢ok  faktérin  etkili  olabilecegi  tzerinde
durulmaktadir. Bunlar arasinda en Onemlileri;
dustik egitimli personel (Cakiroglu ve Ucar, 2008),
is degisimi (Burch ve Sawyer, 1991), mevsimsel
iscilik (Travis, 19806), distik maas ve stati (Rennie,
1994) olarak belirlenmistir.

El yikama uygulamalarinda, klorheksidin, glukonat
iceren antibakteriyel sabun, el dezenfektanlari, kagit
havlu kullanim: gibi dogru yaklasimlarda, el
kontaminasyon diizeyinin kayda deger bir sekilde (3
log kob ve daha fazla) azaldigi, bu sekilde capraz
kontaminasyon riskinin de miniminize edilebildigi
kaydedilmistir (Montville ve ark., 2010). Guda ile
temas  halindeki  yiizeylerin  genel  hijyenik
durumlarinin  degerlendirilmesinde,  koliformlar
o6nemli yer tutmaktadir (Jackson ve ark., 2007). Bu
calismada dograma tahtalarnin  %29.6’sinda
Enterobactericeae, %037 sinde koliform, %11’inde E.
coli, duzeyinin 2102 kob/ml oldugu saptanmis ve
bu sonuglarin temizlik standartlarindaki yetersizlige
isaret ettifi sonucuna varilmstir. Ayt predominant
mikrofloranin gida calisanlarinin ellerinde ve bicak
saplarinda da tespit edilmesi, potansiyel bir ¢apraz
bulasmanin  varoldugunu  distindirmektedir.
Bakteri, gida ile temasta olan ylizeye tutunmakta ve
bu sekilde gidaya ¢apraz bulagsma riski artmaktadir
(Chen ve ark., 2001; Montville ve ark., 2010; Zhao
ve ark., 1998). Capraz kontaminasyon olgularinin
Ozellikle yeterince dekontamine edilmemis kesim
tahtalarindan  (%58) ve  bigaklardan  (%40)
kaynaklandigi rapor edilmistir (Redmond ve ark.,
2004). En oOnemli asamanin ise, Urliniin
dilimlenmesi strasindaki uygulamalardan
kaynaklandigi ortaya konmustur (Uyttendaele ve
ark., 1999; Little ve De louvois 1998). Bu sebeple
gidalara el temast ve capraz kontaminasyon
Ozellikle tiiketime hazir gidalara (ytkamaya, 1s1
islemine veya herhangi baska bir isleme gerek
duyulmadan yenilebilecek nitelikte olan gidalar)
patojenlerin  bulasmasinda  potansiyel  bir
mekanizma  olarak  karsimiza  c¢tkmaktadir
(FDA/USDA, 2003). E. ek O157: H7, L.
monocytogenes, — Camphylobacter  jejuni  (C.  jejuni),
Clostridium perfringens (CI. perfringens), Salmonella spp.
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ve 8. aureus (Staphylococcus  aurens) hayvansal
gidalardan siklikla izole edilen, farkl tilkelerde genis
populasyonlar1 etkileyen hastalik vakalarina ve
buylik ekonomik kayiplara yol agan bakteriler
olarak bilinmektedirler (Milard ve Rockliff 2003;
Elson ve ark., 2004; Colombari ve ark., 2007
Newell ve ark., 2010). S. aureus, E. coli ve Salmonella
tirlerinin  ellerde ve ylzeylerde wuzun sireler
(gtinlerce) canl kalabildigi bilditilmigtir
(Kusumaningrum ve ark., 2002). Bu ¢alismada, gida
orneklerinin %21’inde Enterobactericeae, %064 inde
koliform, %l14’unde E. cok, %25inde S. aureus
kontaminasyon duzeyi =102 kob/g olarak tespit
edilmistir. Sadece bir 6rnekten Salmonella spp., izole
edilitken, L. monocytogenes saptanmamistir. Benzer
bir arastirmada, Ingiltere ve Kuzey Irlanda,
tiketime hazir kurutulmus ve fermente et
triinlerinden  olusan  toplam 2981  Grnegin
%99unun  mikrobiyolojik  kalite  kriterleri
bakimindan kabul edilebilir limitlerde oldugu,
orneklerin %1.3’tintn 102 kob/g’dan fazla S. anrens
icerdigi, hicbirinin verotoksijenik E. co/i igermedigi
fakat sadece iki tanesinin Salmonella tirtleri ile
kontamine oldugu ortaya konmustur (Little, 1998).
Bir baska calismada (Gillespie ve ark., 2000) da,
tikketime hazir dilimlenmis et Granlerinin %26’sinin
kabul edilebilir hijyenik nitelige sahip olmadig1, sz
konusu 6rneklerde yitksek dizeyde E. cols, S.anrens,
Listeria tutleri ve/veya C. perfringens saptandigt
belirtilerek tatmin edici olmayan bu sonuglarin
genelde yiksek AMB yikine bagh oldugu
vurgulanmugtir. Christison ve ark. 2008, 70 adet
sarkiteri Urininde AMB 9 log kob/g, koliform 5
log kob/g, E. coli 6 log kob/g, S. anreus 2 log kob/g
diizeylerinde tespit ettiklerini, 6rneklerin %4 tintin
L. monocytogenes, %o16’siun  Salmonella  spp., ile
kontamine oldugunu rapor etmislerdir.
Yiizeylerden topladiklari Grnekler arasinda AMB
bakimindan en yiksek diizeyi kagiklarda (5.1 log
kob/g), dograma tahtalarindan ise koliform (4 log
kob/g) ve E. ik (1.5 log kob/g) olarak
saptadiklarini bildirmislerdir.

SONUC

Gida calisanlarinin  ellerinde ve gida temas
yluzeylerinde  indikatér  ve  bazt  patojen
mikroorganizmalarin varligy; iyt hijyen
uygulamalarinin  noksanhigini, personel  hijyen
eksikligini,  isletme  hijyen  protokoliindeki
yetersizligi isaret etmektedir. S6z konusu patojen
bakterilerden . aurens genel olarak insanlarin burun
mukozasinda ve el ve ylz yaralarinda bulunmakta
ve personel eli ile gidalara bulasmaktadir. E. co/,
genel olarak tuvalet hijyeni yetersizliginden
kaynaklanmakta ve yine gida ile temas halinde olan
personelin eli ile gidaya bulagsmaktadir. Analiz
edilen diger bakteriler ¢apraz kontaminasyonda ve
personel hijyeninde 6nem arz eden Salmonella spp.,

ve L. monocytogenesden  olusmaktadir.  Stlfid
indirgeyen mikroorganizmalar ise, muhtemel bir
anaerob  patojenin  varhigna  isaret  etmesi
bakimindan  degetlendirmeye  alinmistir.  Bu
calismadan  elde edilen  sonuglar,  yanls
uygulamalarin  diizeltilmesi  konusunda ¢6zim
onerileri sunulmast ve bu vesileyle halk sagliginin
korunmasina yonelik 6nemli bir adim atilmis olmast
bakimindan 6nem teskil etmektedir. Ayrica bu
calisma sonugclari, calisanlarin ellerindeki ve gida
temas ylzeylerindeki kontaminantlarin son triine
tasinmasinin  Onlenmesi konusunda diizenlenecek
egitimlerin ~ cercevesini  belitlemede  fayda
saglayacaktr.
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Calisma farkli doz ve stirelerde uygulanan 178-6stradioltin ovaryumlart ¢ikarilmis sicanlarda spontan myometriyal kastlhimlar
tzerine etkisinin belirlenmesi amaglamaktadir. Arastirmada 3-6 aylik ve ortalama 270 £ 20 g agirliginda, 72 adet Sprague
Dawley cinsi disi sicanlar kullanilmustir.  Sicanlar, her grupta 18 sican bulunacak sekilde, kontrol (Ov) ve 3 deneme
gurubuna (Gstrojen) ayrilmustir. Kontrol grubuna giinlik olarak kas i¢ci susam yagi enjeksiyonlari yapilmis (0,2 ml), birinci
deneme grubundaki siganlara glinliik 25 pg 176-6stradiol, ikinci deneme gurubundaki sicanlara giinlik 50 pg 178- 6stradiol,
ve lgiinct deneme gurubundaki sicanlara ginliik 100 pg 176-6stradiol kas i¢i uygulanmustir. Her grup kendi arasinda 3 alt
gruba ayrilarak 18, 90 ve 162. saatlerde 6’sar hayvan genel Gtenazi yapilmugtir. Nitrik oksitin etkinliginin belitlenmesi
amactyla L-Arginin SNP ve L-NNA (Nitro-N-Arginin) uygulamast yapildi. Alinan uterus rneklerinden elde edilen doku
kesitlerinde cGMP-PK1 ekspirasyonunu gostermek i¢in immunohistokimyasal yontemle boyandi. ~ Uygulama sonrast
6strojen verilen gruplarda spontan myometriyal kasilimlarin siddeti, Sstrojenin dozuna ve siiresine baglt olarak artti. Ayrica,
strojenin L-arginin-NOS-NO-cGMP yolunun etkinligini engelledigi belirlendi. Ostrojenin uterusta bulunan longiditunal
diiz kaslarda cGMP-PK1 ekspirasyonu Uzerine etkisinin bulunmadigi gériildi. Sonug olarak Gstrojenin doza ve streye
bagimlt olarak uterus kastlimlarinin siddetini artirirken, L-Arginin-NOS-NO- ¢GMP-PK1 yolunun etkinligini engelledigi
fakat bu engellenmenin cGMP-PK1 tizerinden olmadigt belirlenmistir.

Anahtar kelimeler: 176-6stradiol, Myometriyum, CGMP’ye bagimli protein kinaz, NOS.

Effects of 17@-Estradiol on Spontaneous Myometrial Contractions in Overiectomized Rats

ABSTRACT

The aim of this study was to evaluate the effect of injecting different doses and time intervals of 178-estradiol on
spontaneous myometrial contractions of ovariectomized rats. Three to 6 months old 72 female Sprague Dawley rats,
weighing 270 + 20 g, were used in the current study. The ovariectomized rats were randomly assigned to a control (Ov)
and three experimental groups (178-estradiol injected) of 18 rats each. Rats in the Ov group received daily sesame oil (0.2
ml, IM), whereas each rat in the three experimental groups was treated with daily 25, 50 and 100 pg estradiol (IM),
respectively. Each group was further divided into 3 subgroups: 6 rats in each group were sacrificed by cervical dislocation
at 18, 90 and 162 hr. In order to determine endogenous nitric oxide activity, the L-arginine solution was used. Sodium
nitroprusside (SNP) was used for evaluation of the exogenous nitric oxide pathway. In addition, L-NNA (nitro-N-arginine)
treatment was applied in order to determine the effect of endogenous NO at the receptor level. Immunohistochemical
evaluation was performed to determine the cGMP-PK1 expression from the uterus samples. In the current study, estrogen
treatment increased spontaneous myometrial contraction in a dose and time-dependent manner. Moreover, estrogen
treatments inhibited L-arginine-NOS-NO-cGMP pathway. On the other hand, estrogen failed to have any effect on
cGMP-PK1 expression in uterine longitudinal smooth muscles. Thus, 173-estradiol treatments increased the uterine
smooth muscle cell contractions. The treatments also inhibited L-Arginine-NOS-NO-cGMP-PK1 pathway. However, our
results indicated that 17B-estradiol did not show its effect through cGMP-PK1.

Keywords: 178-estradiol, myometrium, cGMP-dependent protein kinase, NOS.
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GIRIS

Ostrojen hormonu myometriyal kasilimlar icin
gerekli olan kontraktil proteinlerin, dlzenleyici
enzimlerin ve koneksin 43’in sentezlenmesini
artirdigindan, uterus diz kaslarinda kastlmalart da
siddetlendirmektedir (Petrocelli ve Lye 1993; Weiss
G 2000). Ostrojen gebe ve gebe olmayan uterustaki
oksitosin reseptorlerini ve r-adrenerjik ajanlart
artirarak membran kalsiyum kanallar1 tzerine de
etki etmektedir  (Richter, 2004). Ostradiol
uygulamast sonucunda bazal kasidma duzeylerinde
degisiklik meydana gelmekte ve rat myometriyal
dokuda oksitosin ve PGF2rya karst duyarlidik
artmaktadir (Vedernikov, 2003). Benzer bir sekilde,
ovaryumlart cikartilmis  (Ov) ratlarda Sstrojen
tedavisinin PGF2? mRNA duzeylerinde farkhilik
olusturmadan PGF2?ya karst duyathlikta artisa
sebep oldugu (Gordan ve ark. 2007), ayni zamanda
follikiller donemde uterustaki kasilim siddetinin
Ostrojene baglt olarak arttug ifade edilmektedir
(Abramowicz ve Archer 1990; Oike ve ark. 1990).

Nitrik oksitin mide bagirsak (Bilbil ve ark. 2014)
ve damar diz kaslarinda (Eckman ve ark. 1994)
kasilimlart  baskilayict  etkisinin =~ bulundugu
bilinmektedir. Son zamanlarda Ostrojenin uterus
kasilimlart tizerine etkilerinde nitrik oksidin de
araciik  edebilecegi  Uzerinde — durulmaktadr.
Ovaryum ve uterus dokusunda nitrik oksit
olusumundan sorumlu NOS enzimleri (iNOS,
eNOS ve naNOS) cesitli hayvan tirlerinde
gosterilmistir (Kuenzli ve ark. 1998; Challis ve ark.
2000;  Biilbil  ve ark.  2013).  Insan
myometriyamundaki iINOS mRNA’sina  dogum
oncesinde en yiksek diizeylerde rastlanirken,
dogumda ise en dusik dizeylerde oldugu
gosterilmistir (Challis ve ark. 2000). Benzer sekilde
uterus ve ovaryumda NOS enzim etkinlikleri
menstirasyon siklusuna (Vedernikov ve ark. 2003),
beslenme ve yasa bagli olarak degismektedir
(Bulbal ve ark. 2015a; 2015b). Ovaryumlar
ctkartilmis sicanlarda nitrik oksit donérii L-Arginin
uygulamast uterus kaslarinda  gevsemeye yol
acarken, 10 gln stre ile 10 pg/glin 17B-6stradiol
verilen sicanlarda L-Arginin uygulamasinin uterus
kasindaki  kasthmlar  {izerine gevsetici  etkisi
gbzlenmemistir. Ayni calismada SNP
uygulamasinin uterusta gevsemeye yol actigi, fakat
bu etkinin 10 gin boyunca 10 pg dozunda 176-
Ostradiol  verilen sicanlarda ortadan  kalktigi
gbzlenmistir (Bulbul ve ark. 2007a). Yine Ov
sicanlarda 10 giin boyunca 10 pug dozunda verilen
17B-6stradiol — uterustaki  kasthimlarin  siddetini
arttirirken myometriyal kasihim sikligini Ov grubuna
gore azaltmustir (Bulbul ve ark. 2007b). Bu bulgular
17B-6stradioliin - NO  tlizerine olan  etkisinin
myometriyamdaki ~ ¢cGMP-PK1 ekspresyonu
tzerine olabilecegini disindirmektedir. Daha

onceki ¢alismalarda Ostrojen uygulamalarinin uterus
kasilmalarint arttirdigina (Vedernikov ve ark. 2003;
Bulbul ve ark. 2007b) veya uterus kasilmalarin
durdurduguna dair bilditimler  bulunmaktadir
(Gotdon ve ark. 2000). Ayrica literatiirlerde farkls
doz ve siireye bagl olarak 173-6stradioliin uterus
kasilmalart ve cGMP-PK1 izerine etkisinin
aragtirldigt  bir  ¢alismaya rastlanmamistir.  Bu
calismada sicanlarda 17B-6stradiolin doza ve
stireye baglt olarak uterus kasimalar1 tzerine
etkisinin belirlenmesi yant sira, bu etkilerin ortaya
ctkmasinda cGMP-PKT’in roliiniin
degerlendirilmesi amaclanmugtir.

MATERYAL ve YONTEM

Aragtirmada 3-6 aylik ve ortalama 270 * 20 gr
agirhiginda, 72 adet Sprague Dawley cinsi disi sigan
kullanildr. Calismaya baslamadan 6nce sicanlara
genel anestezi (21,1 mg/kg ketamin ve 4,2 mg/kg
ksilazin) altinda ovariektomi uyguland.
Overicktomiden 2 hafta sonra sicanlarin genel
muayeneleri  yapilarak her grupta 18 sican
bulunacak sckilde, kontrol (Ov) ve 3 deneme
grubuna (8strojen) ayrildi. Arastirmada kontrol ve
Ostrojen gruplarindaki siganlara uygulanan prosediir
Tablo 1’de verilmektedit.

Ozetle kontrol grubuna susam yagt (0,2
ml/sican/gun IM), deneme gruplarina ise her bir
sican i¢in 0,2 ml susam yaginda ¢6zdirilmis 176-
6stradiolden birinci deneme grubu (Ostrojen 1)
sicanlara 25 pg/sican/gun, ikinci deneme grubu
siganlara (Ostrojen 2) 50 pg/sican/giin ve tiglinci
deneme grubundaki sicanlara (Ostrojen 3) 100
ug/sican/gln kas ici altt giin uygulandi.

Her grup kendi iginde ¢ alt gruba ayrilarak 18., 90.
ve 162. saatlerde 6’sar hayvan genel anestezi altinda
etik kurallara uygun olarak boyun eklemlerinden
disloke edilerek 6tenazi yapildi.

Izole Organ Banyosu

Otenaziyi takiben karin bolgesi hemen agilarak
kornu uteriler zarar verilmeden cikarildi. Izole
edilen her bir kornu, krebs ¢6zeltisi (NaCl 118; KCl
4,7; CaCly 2,5; MgSO4 1; KHoPO4 1; NaHCOs5 25
ve glikoz 11 mM) icerisine alindi. Sonra uterus
etrafindaki mezenter ve yag dokudan dikkatli bir
sekilde temizlenerek 0,1 — 0,3 cm x 0,8 cm
boyutlarinda serit seklinde doku parcast elde edildi.
Hazirlanan bu preparatlar, 37 °C sicaklikta ve %95
Oz - %5 CO; gaz karisimu ile stirekli havalandirilan
20 ml krebs ¢ozeltisi icerisinde olacak sekilde izole
organ banyosunun I ve II numarali olmak Uzere
her iki kadehindeki platin halka elektrotun alt
ucuna baglanarak dokunun halka elektrotlar
arasinda kalmast saglandi. Dokunun diger ucu st
uclarindan force transducer’a baglanip tespit edildi
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ve izometrik diiz kas hareketleri “force transducer”
ve “acquisition system” yardimi ile bilgisayarda
gorintilenerek kaydedildi.

Uterusta [zometrik Kasilimlarin Belirlenmesi
Dokulara uygulanan deney protokolii Tablo 2°de
gosterilmektedir.  Ozetle organ  banyosunun
kadehlerine tespit edilen doku parcalari ortama
alismalart icin 1 saat streyle krebs ¢Ozeltisi
icerisinde bekletildi. Oncelikle spontan kasilimlarin
belirlenmesi icin 45 dakikalik kasitlim periyodu
kaydedildi. Takiben Electric Field Stimulation
(EES) ile her iki doku icin submaksimal kastlimin
saglandigi voltaj, frekans ve uyart derinligi degerleri
tespit edildi. Bunun icin dokuya ¢esitli diizeylerde
elektrik akimi (10, 20, 30, 40 volt) farkli strelerde
(0,25, 0,5, 1 ms) ve stklikta (frekans) (2, 4, 8, 16, 32,
64 Hz) uyguland: (Oike ve ark. 1990). En siddetli
kasilimin meydana geldigi ortalama frekans degeri
32 Hz, uyart derinligi 1 ms ve voltaj yiiksekligi ise
20 volt olarak tespit edildi.

Endojen NO etkinliginin belirlenmesi amactyla
EFS varliginda L-Arginin 1pM den 1 mM, eksojen
NO yolunun degerlendirilmesi amactyla SNP 10
nM den 0.1 mM dozlarinda logaritmik olarak
artirtlarak  her on dakikada bir izole organ
banyosuna ilave edildi (Tablo 2). Endojen NO
ctkisinin  enzimsel diizeyde etkisinin = ortaya
konulmast icin EFS varliginda 100 mmol/L L-
NNA verildikten sonra L-Arginin 1mM dozunda
izole organ banyosuna eklendi.

Myometriyumda cGMP-PK?’in
Immunohistokimyasal Boyanmasi

Alinan uterus 6rnekleri % 10 tamponlu formaldehit
ile 24 saat tespit edildi. Tespitten sonra doku
orneklerinin  histolojik takipleri yapilarak parafin
bloklara gémuldi. Bloklardan 4-5 pluk kesitler
alinarak immunhistokimyasal yoéntemle boyandi
(Misitlioglu ve ark. 2000). Immunhistokimyasal
yontem  olarak  indirekt  streptavidin-biotin
peroksidaz yoéntemi kullaniddi. Buna gore: Asit-
alkolle temizlenmis ve poli-L-lizin ile kaplanmig
olan lamlara 4-5p’luk doku kesitleri alindi ve
kesitler 60 C’lik etiivde 1 saat bekletildi.

Preparatlar ksilol ve alkol serilerinden gegirilerek,
antijen retrival icin pH 6 olan Sitrat buffer
igerisinde mikrodalga firinda 700 watt’da 3 kez 5’er
dakika kaynatildi. Endojen peroksidaz aktivitesini
gidermek icin distile suda hazirlanmis % 3’lik
Hidrojen peroksit ile 10 dakika inkiibe edildi. Anti
rabbit poliklonal IgG primer antikor (1/500
dilisyon) ile preparatlar nemli ortamt saglayan bir
kap igerisinde 37 oC’de 30 dakika inkiibe edildi.
Preparat  biotinli sekonder antikor ile oda
sicakhiginda 20 dakika bekletildi. Enzim olarak
Streptavidin-HRP ile preparatlar oda sicakliginda

20 dakika inkiibe edildi. DAB substrat-kromojen
solisyonunda 5  dakika  tutularak,  Harris
Hematoksilen ile 30 saniye zit boyama yapildi.
Alkol ve ksilol serilerinden gegirildikten sonra
entellan kullanilarak lamel ile kapatildi (Misitlioglu
ve ark. 2000).

Immunohistokimyasal Degerlendirme
Birbirinden bagimsiz iki arastirmact tarafindan
immunohistokimyasal boyamalarin
degerlendirmeleri  reaksiyonun  siddetine  ve
dagilimina bakiarak yapildi. Reaksiyonun siddeti
yoniinden boyanmanin olmamast 0, zayif reaksiyon
1, orta siddetli reaksiyon 2, siddetli reaksyon 3
olarak  degetlendirildi. Reaksiyonun dokudaki
dagilimina gbre asagidaki skorlama yapildr:
Reaksiyonun olmamast = 0; <%1= 1; %2-10= 2;
%11-30= 3; %31-65= 4; % >65=5

Reaksiyonun siddeti ve dagilimindan elde edilen
skor degerleri toplanarak immunohistokimyasal
boyama skor degeri elde edildi (Misitlioglu ve ark.
2000).

Bu calismada istatistiksel analizler icin ‘SPSS 13.0
istatistik paket programr’ kullanildi. Izole organ
banyosu degerlendirmelerinde gruplar arasinda fark
olup olmadiginin  belirlenmesinde, dokularda
cGMP’ye bagimh PKG degerlendirilmesinde ve
immunohistokimyasal degetlendirme sonucu elde
edilen verilerin 6nem gosterip gostermediginin
belitlenmesinde Tek Y6nla Varyans Analizi, farkin
hangi gruplar arasinda oldugunu belirlemek icin ise
Tukey testi yapildu.

BULGULAR

Spontan kasilimlarin siddeti ve frekansi
Gruplarda 18, 90 ve 162. saat sonunda spontan
myometriyal kasilimlarin siddeti ve sikligt Tablo 3
de gosterilmistir. Spontan myometriyal kasilimlarin
siddetinin 18.saatte 50 ve 100 ng 176-6stradiol
gruplarinda, 90 ve 162 saatlerde ise tim uygulama
gruplarinda kontrol grubuna gére arttigi gorildi
(p<0,001). Spontan myometriyal kasilimlarin
frekansinin ise tim saat ve uygulama gruplarinda
kontrol grubuna gére azaldigi gériildt (p<0,001).

Gruplarda L-Arginin Uygulamasimnin Kasilim
Siddetine Etkisi

Gruplarda 18., 90. ve 162. saatlerde uterus diiz kas1
Uzerine cesitli konsantrasyonlardaki L-Arginin (10-
M, 10 M, 103 M) ve NNA (103 M) + L-Arginin
(103 M) varliginda elektriksel uyarimin olusturdugu
kasilimlara ait doz-cevap egrisi Grafik 1°de
gOsterilmektedir. Buna gbre L-arginin 18 ve 90
saatlerde Kontrol ve 25 pg 17B-6stradiol
gruplarinda dozuna bagimli olarak kasilim siddetini
azaltirken (p<<0.05); aynt saatlerde 50 pg 1763-
ostradiol ve 100 pg 17B-6stradiol gruplarinda, 162.
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saatte ise U¢ deneme grubunda da istatistiksel
olarak gevsetici etki olusturmadi. Ayni zamanda 18
ve 90. saatlerde kontrol ve 25 ug 17B-6stradiol
grubunda NNA uygulamasinin L-Argininin (10-
M) etkisini ortadan kaldirdigr gorildi.

Gruplarda  SNP kasilim
siddetine etkisi

Gruplarda 18., 90. ve 162. saatlerde uterus diiz kast
tzerine ¢esitli konsantrasyonlardaki SNP (10-8 M,
107 M, 106 M, 105 M) varhginda elektriksel
uyarimin  olusturdugu kasdimlara ait doz-cevap
egrisi Grafik 2’de goOsterilmektedir. Buna gore
kontrol grubunda 18, 90 ve 162’inci saatlerde
SNP’nin en digik iki dozu (10% ve 107 M) etkili
olmazken, diger dozlarinda doza bagimli olarak
gevseme sekillendigi saptandi. Benzer etki 6strojen
uygulanan tim gruplarda 18 saat sonunda
belirlenirken, 90 saatte sadece 25 pg 176-6stradiol
grubunda SNP’nin en yiksek dozu olan 105 M
dizeyinde goriuldid.  162. saat sonunda 1706-
6stradiol verilen gruplarin hi¢ birisinde SNP’nin
gevsemeye yol agmadigt gozlendi.

uygulamasinin

Tablo 1: Arastirma prosediirii
Table 1: Research procedure

Ostrojenin  Doza ve Siireye Bagh Olarak
cGMP-PK1 Dagilimina Etkisi

Gruplarda 18., 90. ve 162’nci saat sonunda cGMP-
PK1 immunreaksiyonunun boyama skorlart Tablo
3’de gosterilmektedir. Uterustaki sirkiler kaslarda
18’inci saatte cGMP-PKG boyama skoru degeri 25
ve 100 17B-6stradiol gruplarinda Ov grubuna gére
yiksek bulundu. Sirkiiler kaslarda 18’inci saatteki
en disik cGMP-PK1 boyama skor degeri 50 ng
17B-6stradiol grubunda gozlendi (Resim 1). 90.
saatte ise, cGMP-PK1 boyama skor degeri
bakimindan kontrol ile 50 ve 100 pg 17B-6stradiol
gruplart arasinda fark gorilmezken 25 pg 176-
Ostradiol grubunun 50 ve 100 pg 17B-Ostradiol
gruplarina  gbre azaldigi belitlendi (Resim  2).
Myometriumda sirkiler kas hicrelerinde 162’nci
saat sonunda cGMP-PK1 dagihiminda gruplar
arasinda istatistiki bir fark saptanmadi. Benzer
sekilde uterustaki longiditunal kaslarda doza ve
siddete bagh olarak cGMP-PK1 dagihiminda
herhangi bir farklilik g&zlenmemistir.

Grup Alt grup Uygulama

Otenazi zamani

Kontrol (Ov)
Kontrol (Ov)

18’inci saat
90’1nc1 saat

0,2 ml susam yagt/sican/

Uygulama sonrasi 18. saat

Kontrol (Ov)

25pug 178-6stradiol
25p.g 17B-6stradiol
25p.g 17B-6stradiol
50ug 17B-6stradiol
50ug 17B-6stradiol
50pg 17B-6stradiol
100pg 17B-6stradiol
100pg 17B-6stradiol
100p.g 17B-6stradiol

162’nci saat
18’inci saat
90’1nc1 saat
162’nci saat
18’inci saat
90’1nc1 saat
162’nci saat
18’inci saat
90’1nc1 saat
162’nci saat

0,2 ml susam yagi/sican/gun (3giin)
0,2 ml susam yagt/sican/gtin (6 glin)
17B-6stradiol 25 pg/sican
178-0stradiol 25 pg/sican/glin (3gin)
178-0stradiol 25 pg/sican/gln (6gin)
17B8-6stradiol 50 pg/sican
178-6stradiol 50 pg/sican/glin (3gin)
17B-6stradiol 50 pg/sican/glin (6glin)
17B-6stradiol 100 pg/sican
17B-6stradiol 100 pg/sican/gun (3 giin)
17B-6stradiol 100 pg/sican/gln (6giin)

Son uygulamadan 18 saat sonra
Son uygulamadan 18 saat sonra
Uygulama sonrasi 18. saat

Son uygulamadan 18 saat sonra
Son uygulamadan 18 saat sonra
Uygulama sonrasi 18. saat

Son uygulamadan 18 saat sonra
Son uygulamadan 18 saat sonra
Uygulama sonrasi 18. saat

Son uygulamadan 18 saat sonra
Son uygulamadan 18 saat sonra

Tablo 2: Yontem icerisinde dokulara uygulanan arastirma protokold
Table 2: The research protocol applied to the tissues

Uygulama Uygulama Protokolii Amag

Inkiibasyon Bir saat inkiibasyona birakild1 Ortama uyum

Uygulama I Elektiriksel Uyarim (EFS) Submaksimal kasilimin tespiti
Uygulama II L-Arginin (10-°M, 104M, 103M) + EFS Endojen NO etkisi

L-NNA (10> M) + L-Arginin (10°M) + EFS
SNP (10-8M, 10”7M, 10-6M, 10- M) + EFS

Enzimsel dizeyde endojen NO tespiti
Eksojen NO etkisi
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Tablo 3: Gruplarda 18, 90 ve 162. saat sonunda spontan myometriyal kasilimlarin siddeti ve sikligi

Table 3: The severity and frequency of spontaneous myometrial contractions at 18, 90, and 162 hours in

groups
Kontrol 25 ug 17- 50 pug 178- 100 pg 178- P
(OV) Ostradiol Ostradiol Ostradiol

Kasilim siddeti (g)
18. saat 0,95£0,04¢ 1,0610,04b¢ 1,1840,03# 1,2610,03¢ 0,000%
90. saat 0,87£0,04¢ 1,0240,04> 1,2810,042 1,3240,05¢ 0,000%
162. saat 0,82£0,04¢ 1,160,055 1,450,052 1,4810,042 0,000*
Kasilim siklig1 (adet/dk)
18. saat 1,7140,082 1,5010,03> 1,3610,03b¢ 1,2840,05¢ 0,000%
90. saat 1,660,072 1,36+0,04> 1,2110,04b¢ 1,0740,06¢ 0,000%
162. saat 1,790,072 1,13+0,04> 0,98£0,06" 0,77£0,04¢ 0,000*

Aynt satirda farkli harfleri tastyan degerler arasinda istatistik olarak fark bulunmustur. (*): p<0.001

Tablo 4: Gruplarda 18’inci saatte uterus sirkiiler ve longitidiinal kaslarinda cGMP-PK1 boyama skor degeri
Table 4: cGMP-PK1 staining scores of uterine circular and longitudinal muscles at 18th hour in groups

25 pg 1783-

50 pg 178-

Kontrol (OV) Sstradiol Sstradiol 100 pg 17B-6stradiol P
Sirkiler kas
18. saat 6.50£0.12b 7.41£0.082 5.25%0.55¢ 7.7520.112 0.00*
90. saat 5.33+1.16% 3.50+0.22b 6.8310.452 7.00£0.00¢ 0.00*
162. saat 7.08+0.08 5.00%1.34 6.66+0.47 5.50+0.56 0.21
Longiditunal
18. saat 7.3320.102 7.411+0.082 7.001+0.44~ 7.75+0.112 0.21
90. saat 6.58+0.53 6.7520.11 7.3310.27 6.50£0.00 0.24
162. saat 7.08%0.08 6.00+0.89 7.25+0.11 6.16+0.73 0.34
Aynt satirda farkli harfleri tagiyan degerler arasinda istatistik
olarak fark bulunmustur. (*): p<0.001
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Grafik 1: Gruplarda 18. (A), 90. (B) ve 162. (C) saatlerde uterus diiz kasi tizerine gesitli konsantrasyonlardaki L-
arginin (105 M, 10+ M, 103 M) ve NNA (103 M ) + L-Arginin (103 M) varliginda elektriksel uyarimin
olusturdugu kasilimlara ait amplitiit degerleri ve doz-cevap egrisi
Graph 1: Amplitude and the dose-response curves of the electrical stimulation for L- arginine (10-> M, 10-*M,
103 M) and NNA (10> M) + L-Arginine (10> M) treatments on the uterine smooth muscles at 18 (A), 90 (B)
and 162 (C) hours.
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Grafik 2: Gruplarda 18. (A), 90. (B) ve 162. (C) saatlerde uterus diz kasi Uzerine gesitli
konsantrasyonlardaki SNP’nin (108 M, 107 M, 106 M ve 105 M ) varhiginda elektriksel uyarimin
olusturdugu kasilimlara ait amplitiit degerleri ve doz-cevap egrisi

Graph 2: Amplitude and the dose-response curves of the electrical stimulation for SNP’nin (10-8 M, 10-7
M, 10-*M ve 10-5M ) treatments on the uterine smooth muscles at 18 (A), 90 (B) and 162 (C) hours

Resim 1. Kontrol (G1A) ve deneme gruplarinda (25 ug 178-6stradiol, G2A; 50 pg
17@-6stradiol, G3A ve 100 pg 17B-6stradiol G4A) 18’inci saatte uterus sirkiiler (S)
ve longiditunal (L) kaslarinda cGMP-PK1 dagilimi, bar= 100um

Figure 1. The cGMP-PK1 distribution in uterus circular (S) and longiditunal (L)
muscles at 18th hour in the control (G1A) and experimental groups (25 pg 178-
estradiol, G2A, 50 pg 17B-estradiol, G3A and 100 pg 17B-estradiol G4A), bar =
100pm.

TARTISMA

Arastirmada  ovaryum  steroidlerinden  170-
6stradiolin doza ve siireye bagh olarak ratlarda
spontan myometrial kasilimlar Uzerine olan etkisi
incelendi. Myometriyal kasihmlar bircok faktér
tarafindan dizenlendigi icin diger diz kaslardan
farklidir. Myometriyal kasilmalarin etkinligi otonom
sinir sisteminin yani stra bazi otokoidler 6zellikle de
yerel ve  cinsiyet  hormonlart  tarafindan
duzenlenmektedir  (Gart  2001). Ovaryumdan

salgilanan  steroid yapidaki hormonlarin  uterus
kasilmalart tzerine dogrudan etkileri
bulunmaktadir. Ostrus siklusu ve gebelik ~gibi
fizyolojik  olaylarda  ovaryum  steroidlerinin
yogunlugu ve myometriyal kasilimlarin 6zelligi
degismektedir  (Weiss ~ 2000).  Ostrojenlerin
myometriyal kasilimlari artirict etkisi bilinmektedir
(Abramowicz ve Archer 1990; Oike ve ark. 1990;
Vedernikov ve ark. 2003; Bulbul 2007b). Bu
calismada  spontan  myometriyal  kasilimlarin
siddetinin 18.saatte 50 ve 100 ng 176-6stradiol
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gruplarinda, 90 ve 162 saatlerde ise tim uygulama
gruplarinda  kontrol ~ grubuna  gére  arttig
gorilmistir (p<0.001). Bu baglamda Gstrojenlerin

kasiim Uzerine etkisinin uygulanan dozuna ve
streye gore degistigi belirlendi.

Resim 2: Kontrol (G1B) ve deneme gruplarinda (25 pg 178-6stradiol, G2B; 50 pg
17@-6stradiol, G3B ve 100 pg 17B-6stradiol G4B) 90’inci saatte uterus sirkiler (S) ve
longiditunal (L) kaslarinda cGMP-PK1 dagilimi, bar= 100um

Figure 2. The cGMP-PK1 distribution in uterus circular (S) and longiditunal (L)
muscles at 90th hour in the control (G1A) and experimental groups (25 pug 178-
estradiol, G2A, 50 pg 17@-estradiol, G3A and 100 pg 17B-estradiol G4A), bar =

100um.

Bu arastirmada deneme gruplarinda spontan
myometrial kasiim sikliginin kontrol grubuna gore
6nemli oranda azaldigi gézlendi (p<<0,001).
Myometriyamdaki  kastim  sikligt  uygulamanin
yapildigi tim sireler boyunca (18, 90 ve 162.
saatler) en vyiksek olarak kontrol grubunda
bulundu. Kasilim siklig1 162. saatte en disik olarak
100 pg 17B-6stradiol grubunda gérilirken, 18 ve
90. saatlerde 50 ve 100 pg 178-6stradiol gruplarinda
kasilim  sikliklart  arasinda  fark gorilmedi. Bu
sonuglara  benzer olarak menopoz  sonrast
kadmnlarda ve Ov ratlarda yapilan calismada
uterustaki kasithm sikhiginmn arttugl bildirmektedir
(Vedernikov ve ark. 2003). Ayrica, sicanlarda 10
pug/gin  17B-6stradiol uygulamast myometriyal
kasithm  sikligini Ov  grubuna gdre azaltmugtir
(Bulbul ve ark. 2007b). Arastirmacilar bu artist Ov
ratlarda artan spontan kasithm etkinliginin ovaryum
steroidlerinin  genomik ve genomik olmayan
baskilayict etkilerinin uzaklastirilmasinin
myometriyal  hiicrelerin = zarlarinin  elektriksel
kararsizliga neden olmasi sonucu olabilecegini
bildirmektedirler. Buna ilaveten Ostrojenlerin diiz
kaslarda hiicre disina K ctkistnt uyararak hiicreyi

hiperpolarize edebildigi, =~ bu sayede spontan
kastlimlarin = olusumunu  baskiladigt  bildirilmistir
(Hatder ve Coulson, 1997).

Nitrik oksit endojen olarak L-Argininden NOS
enzimleri aractlify ile olugsmaktadir (Bredt ve Snyder
1990; Forstermann ve ark. 1991). Bir NO
prekiirsori olan L-Arginin uygulamasin, insan
(Challis ve ark. 2000) ve sicanda (Bulbul ve ark.
2007) NO sentezini artirdigt ve myometriyal
kasiimalar1 baskiladigr belirtilmistir.  Fizyolojik
kosullarda sican serumundaki L-Arginin yogunlugu
yaklastk 0,2 — 3 mM civarindadir (Langrehr ve ark.
1992). In vitro ortamdaki diiz kaslarin kasilim
etkinligi ise L-Argininin yaklastk 0.01-1mM
yogunlugunda tamamen ortadan kalkmaktadir
(Yallampali ve ark. 1992). Bu arastirmada L-Arginin
0.01 — ImM yogunlugunda kullanilmistir. Gebe
insan ve sican uterusunda (Izumi ve ark. 1993) ve
gebe olmayan insan uterusunda (Hoffmann ve ark.
2003) L-Argininin doza bagimli olarak kasilim
siddetini  azalttigr  bildirilmektedir.  L-arginin
gevsetici etkisinin uterusta dogum aninda azaldig,
dogum sonrast 2. giinde ise tamamen ortadan

380



kalktigr ifade edilmektedir (Yallampali ve ark.
1993). Ovaryumlari cikartilmis sicanlarda L-Arginin
uygulamast uterus kaslarinda  gevsemeye yol
acarken, L-Arginin uygulamast 10 giin sire ile 10
ug/gln 176-6stradiol verilen sicanlarda uterus kast
tzerine ayni etkiye yol agmamistir (Izumi ve ark.
1990). Onceki calismalara benzer sekilde bu
calismada da Ov grubunda L-Argininin doza baglt
olarak uterus kastlim siddetini azalttig1 (p<<0.05), 50
ve 100 pg 176-6stradiol gruplarinda ise L-argininin
dozlarinin etkili olmadigi belirlendi. Diigik dozda
Ostrojen uygulanan 25 pg 178-6stradiol grubunda
ise L-Argininin gevsetici etkisi 18 ve 90. saatlerde
gOzlenirken,  gevsetici  etkinin  162.  saatte
kayboldugu gorildi. Yine gruplarda 18, 90. ve 162.
saatlerde  10-3 M  dozundaki  L-Argininin
uygulamasinin  kastdimin % inhibisyonu Gzerine
etkisi Ov grubunda arterken, bu etki yliksek dozda
176-6stradiol uygulamast (50 ve 100 pg 1783-
6stradiol) ile azaldi. Ayrica, 162. saatte L-argininin
kasilimlart azaltict etkisi tim 6strojen uygulanan
gruplarda baskilanmustir.  Arastirma  bulgusu, L-
Argininin uterusta olusturdugu kasitlim siddetini
azaltict etkisini, 6strojenin doza ve stireye bagl
olarak engelledigini diisiindiirmektedir.

Gebe rat (Yallampali ve ark. 1993), ve gebe
olmayan insan uterusunda (Hoffmann ve ark. 2003)
yapilan calismalarda ckzojen NO kaynaklarindan
biri olan SNP’nin spontan kasiimlart tamamen
bloke ettigi bildirilmektedir. Benzer sekilde
gebelikte  SNP’nin spontan  myometriyum
kasilimlarini tamamen ortadan kaldirdigi, fakat KCI
ile uyarilmis kastlimlarda etkisi olmadigi ifade
etmektedir (Lederman ve Rosso, 2004). Oksitosinle
uyardmis uterus kasilimlari tizerine SNP’nin 10-4 M
ve daha dusik dozlarmnin etkili olmadigl, daha
yiksek dozlarinin ise toksik etki gostererek
doéntstimsiz inhibisyon olusturdugunu
bildirilmektedir (Ann Word ve ark. 1998). Ayrica
SNP uygulamasmin  Ov  sicanlarda uterusta
gevsemeye yol actigl, fakat bu etkinin 10 giin
boyunca 10 pg dozunda 178-8stradiol verilen
sicanlarda ortadan kalktigr gbzlenmistir (Bulbul ve
ark.  2007). Yapugmmiz bu arastirmada, Ov
grubunda 10-8-10-> M araliginda uygulanan SNP’nin
doza bagimli olarak kasilim siddetini engelledigi,
17B-6stradiol  verilen gruplarda ise dozun ve
sirenin artmast ile birlikte SNP’nin etkisinin
olmadigt gorildi. Argininin gruplardaki etkisine
benzer olarak, SNP’nin 6strojen gruplarinda kasilim
siddetini azaltmamasi, 17B-Gstradiolun SNP’nin
uterusta olusturdugu gevseme etkisini engelledigini
dustindirmektedir. Sodyum nitroprussid
uygulamastnin uterus diz kasinda gériilen kasilimin
% inhibisyonu uzerine etkisi 176-Ostradiolun
uygulanma dozuna ve siiresine gore degisiklik
gOstermistir. TUm  stirelerde en yiksek 176-
Ostradiol uygulanan grupta SNP’nin kasiimin %

inhibisyonu  dzerine etkisi minimum olarak
gobzlenirken, Ov grubunda % inhibisyon en ytksek
duizeyde gerceklesmistir. Genel olarak 173-6stradiol
uygulamast SNP’nin etkisini baskilarken, 18. saatte
en digik 17B-6stradiol uygulanan grup ile Ov
grubu arasinda benzer bir inhibisyona rastlanmustir.
Bulgularimiz SNP’nin uterusta olusturdugu %
kasidim inhibisyonunun &strojenin  dozuna ve
uygulama stresine bagimli oldugunu
dustindirmektedir.

Bir siklik nikleotid ikincil haberci olan cGMP
viicudumuzdaki bir cok dokuda ¢ok farklt olaylarin
olusmasinda rol oynamaktadir. Bu olaylardan bir
tanesi de diz kaslarda NO etkisiyle gevseme
saglamasidir.  Uterusta ~ NO  sentezlendigi
belirtilmistir (Buhimschi ve ark. 1995). Nanomolar
diizeydeki NO konsantrasyonlar: guanilil siklazi
aktifleyerek cGMP diizeylerini artirmaktadir. Nitrik
oksit-cGMP yolunun aktiflenmesi ise bir ¢ok diiz
kas tipinde gevsemeyle sonuglanmaktadir. Nitrik
oksit-cGMP yolu bu etkisini cGMP-PK1 tizerinden
miyozin fosfataz akivitesini artirarak (Surks ve ark.
1999) veya sitoplazmik Ca*? miktarini azaltarak
gerceklestirmektedir (Cornwell ve ark. 2001). Diiz
kas gevsemesi kalsiyum regiilasyonu ve iyon
transportundan  sorumlu  olan  substratlarin
fosforlanmast neticesinde olusmaktadir (Lincoln ve
Cornwell 1993). Insanda NO-cGMP  yolunun
varligt uterus diiz kaslarinda da tespit edilmistir ve
gebelikte olusabilecek uterus kasilmalarini azaltmak
icin de farmakolojik olarak kullanilmaktadir
(Buhimschi ve ark. 1995). Ostrojen enjekte edilen
ratlarda cGMP’nin yitksek PK1 diizeylerinde uterus
kasinda gevsemeye vyol actigindan (Word ve
Cornwell  1998), NO-cGMP yolunun uterus
kasilabilirligini kontrol etmede 6nemli olabilecegi
distnilmektedir (Cornwell ve ark. 2001).

Bu arastirmada Ov sicanlarin endometriyumdaki
sirkiiler ve longiditunal kas hiicrelerinde zayif bir
cGMP-PK1 ekspresyonu belirlendi.  Ozellikle
endometriumun longitudinal kaslarinda cesitli doz
ve strelerde uygulanan 1783-6stradiol hormonunun
cGMP-PK1 ekspresyonu tizerine etkisi minimum
olarak bulundu. Sikiler kaslarda ise 187inci ve
90’1nc1 saatlerde cGMP-PK1 ekspresyonu tizerine
17B-6stradioliin doza bagimsiz bir etkisi gorilda.
Bu etki 162’nci saatte tamamen ortadan kalkti.
Yukarida agiklandigr gibi NO tarafindan uyarilan
myometriyal  gevsemenin  bagka  diz  kas
hiicrelerinde oldugu gibi guanilil siklaz ve cGMP
tzerinden oldugu distnilse de (Yallampali ve ark.
1994; Buhimschi ve ark. 1995), degisik ¢alismalarda
NO’nun uterusta gevsemeyi uyarabilmesi icin
cGMP ve PKUlnin  gerekli  olmadigim
belirtilmektedir (Kuenzli ve ark. 1998; Buxton ve
ark. 2001). Kobay uterus diz kaslarinda yapilan
calismada NO’in guanilil siklazi inhibe eden metilen
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mavisi uygulamasina ragmen uterus kaslarinda
gevsemeye yol actigt belirtilmistir (Buxton ve ark.
2001). Buna ilaveten uterus diz kasinda herhangi
bir gevseme olusturabilmek i¢in yiiksek diizeylerde
(10 uM) cGMP analoglarina ihtiya¢c duyulmaktadir
(Buxton 2004). Maymun ve insan
myometriyamunda NO tarafindan  olusturulan
uterus gevsemesinin ¢cGMP analoglart tarafindan
olusturulamadigy, guanilil siklaz-cGMP disindaki bir
yolla gerceklestigi gézlenmistir (Kuenzli ve ark.
1998; Buxton ve ark. 2001). Bu calisgmalar NO’in
uterus gevsemesi saglayabilmesi icin ¢cGMP-PK1
artisina ihtiyag duymadigini, iyon kanallari yoluyla
bu etkisini gosterebilecegini distindirmektedir.
Arastirma bulgusuda uterusta bulunan sirkiler ve
longiditunal ~ kaslarda ~ 17B-6stradioliin =~ tim
dozlarinin  ve strelerinin  ¢cGMP-PK1 dagihimi
lzerine etkisinin disik oldugu gézlenmistir.

Siklik GMPnin NO tarafindan gergeklestirilen
butiin olaylarda rol almadigr distincesi son yillarda
6nem kazanmustir.  Buhimschi ve arkadaglar
(2000), sican uterusunda gebelikle birlikte NO
miktarinin artmasina ragmen cGMP diizeylerinde
6nemli bir azalma oldugunu bildirmislerdir. Yine
aynt calismada gebe olmayan sicanlarda uzun streli
Ostrojen uygulamasi uterustaki NO miktarinin
arttimasina ¢cGMP diizeyinin ise azalmasina sebep
oldugu belirtilmistir. Daha 6nceki ¢alismalar sican
uterusunda NO’in uterus kastlmalarint
durdurdugunu ve NO seviyelerindeki artisin da
cGMP  yapmmint  artrdigini  bildirilmektedir
(Yallampali ve ark. 1994; Buhimschi ve ark. 1995).
Bununla birlikte myometriyamdaki NO etkisinin
guanilil siklazdan bagimsiz olarak sekillenebilir
(Buhimschi ve ark. 2000). Weiner ve arkadaglar
(1994) kobaylarda gebeligin guanilil siklaz seviyesini
azalttigint  bildirmistir. Buhimchi ve arkadaslar
(2000) da prepiibertal sicanlarda dstrojenin guanilil
siklazin uterustaki olusumunu baskilayabilecegini
bildirmisler ve uterusta c¢GMP duzeylerindeki
degisimlerle NO aktivitesi arasinda paralellik
kurmanin veya NO aktivitesindeki degisimlerle
cGMP dizeylerini bagdastirmanin yanlis sonuglar
verebilecegi kanisina varmiglardir.

Damar diiz kaslart ile yapilan calismalarda damar
diz kaslarindan elde edilen preperatlarin, cGMP
olusumu bloklandigi halde, NO uygulamasi
neticesinde gevsedigi goriilmiistiir (Eckman ve ark.
1994). Bu tiir olgular renal arterlerde (Trottier ve
ark. 1998), serebral mikrosirkiilasyonunda (Pinilla
ve ark. 1998) ve nbronal hiicre iyon kanallarinda da
(Ahern ve ark. 1999) rapor edilmistir. Bu baglamda
myometriyamda NO tarafindan gerceklestirilen
gevsemede  kalsiyum  tarafindan  aktiflenen
potasyum  kanallannin  (KCa) rol alabilecegi
onerilmistir (Mazzone ve ark. 2003). Bu teori KCa
kanallarint bloke eden akrep toksinlerinin NO

tarafindan olusturulan gevsemeyi engellemesi ile
desteklenmistir (Buxton ve ark. 2001). Dolayist ile

kalsiyum  tarafindan  aktiflenen  potasyum
kanallarinin KCa kanallar NO’in
myometriyumdaki etkisine aracilik eden

faktotlerden olabilecegi gérilmektedir.

Sonu¢ olarak; 17B-6stradiolin uterus kastlim
etkinligini azaltan L-arginin-NOS-NO  yolunun
etkinligini  baskiladigt  belitlenmistir. ~ Ayrica
Ostrojenin  uterusta bulunan longiditunal  diiz
kaslarda cGMP-PK1 ekspiresyonu tizerine etkisinin
bulunmadigi dolayist ile myometriyumdaki NO
etkisinin ~ ¢cGMP-PK1’den  bagimsiz  olarak
sekillenebilecegi kanisina varimistir.
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ABSTRACT

This study was carried out between May 2008 and April 2010 in the provinces of Suhut, Iscehisar, Ihsaniye and
Hocalar in order to determine the prevalence and seasonal activities of tick species in sheep, goat and cattle in
Afyonkarahisar region. During the study, 1920 sheep, 1920 goats and 1920 cattle were examined for tick and
developmental stages. 669 (34.84%) of the cows, 608 (31.66%) of the goats and 348 (18.12%) of the cattle were
infested with different species of ticks. In Afyonkarahisar, tick infestation was determined as 28.21% in sheep,
goat and cattle. During the study, 13660 ticks were collected from sheep, goats and cattle in Afyonkarahisar
region. These were Rbhipicephalus bursa (29.96 %), R. sanguineus (17.23 %), Haemaphysalis parva (16.88 %),
Dermacentor nivens (15.09 %), R. turanicus (6.43 %), Hyalomma marginatum (4.93 %), Hae. sulcata (2.92 %), Hae.
punctata (1.71 %), D. marginatus (0.46 %), H. detritum (0.2 %), H. anatolicum (0.09 %), H. excavatum (0.06 %),
Ornithodoros laborensis (2.35 %), Ornithodoros spp. nymph (1.09 %), Ornithodoros spp. larvae (0.05 %), Rbipicephalus
spp. nymph (0.31 %), Rbipicephalus spp. larvae (0.04 %), Haemaphysalis spp. nymph (0.20 %) respectively.
Keywords: Afyonkarahisar, Sheep, Goats, Cattle, Tick.

Afyonkarahisar Yoresindeki Koyun, Kegi ve Sigirlarda Kene (Ixodoidea) Infestasyonu Uzerine
Arastirmalar

oz
Bu ¢alisma, Mayis 2008-Nisan 2010 tarihleri arasinda, Afyonkarahisar yoresindeki koyun, ke¢i ve sigirlarda
bulunan kene tiitlerinin yayginliklarint ve mevsimsel aktivitelerini belirlemek amactyla Suhut, Iscehisar, 1hsaniye
ve Hocalar ilcelerinde yiriitilmustiir. Calisma stiresince 1920 koyun, 1920 keci ve 1920 sigir keneler ve gelisim
doénemleri yoninden muayene edilmistir. Koyunlarin 669 (% 34.84)’u, kegilerin 608 (%o 31.66)’1, sigirlarin 348
(%o 18.12)’1 farklt kene tiirleri ile infeste bulunmustur. Afyonkarahisar’daki koyun, keci ve sigirlarda kene
infestasyonu % 28.21 olarak belitlenmistir. Koyun, keci ve sigitlar tizerinden 13660 kene toplanmis, bunlarin %
29.96’s1 Rbipicephalus bursa, %o 17.23"0 R. sanguineus, %o 16.88’t Haemaphysalis parva, %o 15.09°a Dermacentor nivens, %o
6.43’a R. turanicus, %o 4.93°6 Hyalomma marginatum, %o 2.92’si Hae. sulcata, % 2.35’t Omithodoros lahorensis, % 1.71°1
Hae. punctata, % 0.46’st D. marginatus, % 0.31’1 Rbipicephalus spp. nimf, % 0.20’si H. detritum, % 0.20’si
Haemaphysalis spp. nimfi, % 0.09’u H. anatolicum, %o 0.06’st H. excavatum, % 0.04°G Rhipicephalus spp. larva, % 1.09’u

Ornithodoros spp. nimf, % 0.05°1 Ornithodoros spp. larva, olarak teshis edilmistir.
Anahtar Kelimeler: Afyonkarahisar, Koyun, Keci, Sigir, Kene.
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INTRODUCTION

Ticks are one of the most important ectoparasites
that threaten animal and human health by either
sucking blood themselves or as a mechanical or
biological carrier of many viral, bacterial, rickettsial,
spitoketal, protozoa and helminth disease agents,
both in the tropical and subtropical climates
(Uilenberg, 1995; Karaer et al., 1997; Jongejan and
Uilenberg, 2004; Byford and Craig, 2007; Dantas-
Torres, 2008, Inci et al., 2016). In the world, a total
of 907 tick species have been reported from
Ixodidae (720), Argasidae (186) and Nuttalliellidae
(1) families (Horak et al., 2002; Barker and Murrel,
2004, Dumanli et al., 2012). Turkey is a country
where ticks can dwell in and continue their
biological activities thanks to the climate,
topography and vegetation (Karaer et al., 1997, Inci
et al, 2016). This study was carried out to
determine the distribution of tick species and their
seasonal activities in the sheep, goats and cattle in
Afyonkarahisar region.

MATERIAL and METHOD

This study was carried out between May 2008 and
April 2010 in Suhut, Iscehisar, Ihsaniye and
Hocalar districts of Afyonkarahisar where the
vegetation, land structure, temperature,
precipitation and humidity show differences and
the the animal population is dense. During the
course of the study, each research unit was
regularly visited once a month for 24 months. In
this research centers, tick species were investigated
in cattle, sheep, goats and their shelters. In all
districts, pasture grazing and untreated flocks of all
host species were examined for ticks. The number
of animals examined was determined as 20 pieces
from each destination and animal species. The ticks
collected from animals were seperatedly placed in
tubes with perforated lids. The information such as
the district from which the ticks were collected,
date and host species was written on the tubes.

Besides, white sheets were circulated across the
pastures to collect ticks in different developmental
stages. The ectoparasites collected in this way were
taken in small bottles containing 70% alcohol. The
ticks collected in accordance with the technique
and brought in to the laboratory alive were cleaned
out with thin bristles. Fed nymphs were taken in
incubation (28 °C and 95% relative humidity) to
molt in order to be able to diagnose the species in
hungry mature condition. Under stereomicroscope,
nymphs and larvae not having molted were
diagnosed on the basis of family while adults were
classified on the basis of species according to the
keys provided by Kurtpinar (1954), Merdivenci
(1969), Karaer et al. (1997), and Estrada-Pena et al.
(2004). Mean precipitation, relative humidity and
temperature data of Afyonkarahisar were obtained
from the General Directorate of Meteorology. The
evaluation of the field data was done using
frequency, percentage distribution and correlation
analysis in SPSS package program. Ethics
committee approval was not obtained because the
study material was formed by ticks.

FINDINGS

In the study, 1920 sheep, 1920 goats and 1920
cattle were tested for tick infestation. 669 (34.84 %)
of sheep, 608 (31.66 %) of goats, 348 (18.12 %) of
cattle were found to be infested with ticks.

The rates of tick infestation diagnosed in sheep,
goats and cattle according to seasons during the
study have been given in Table 1. During the two-
year study period, the animals with the highest
infestation rate were identified as sheep, goats and
cattle, respectively. In animals, infestation was most
commonly seen during the summer and at least
during the winter months. It was observed that in
the spring season, the animals were more infested
than the autumn and less than the summer months.
On a seasonal scale, the highest infestation in
animals was seen in summer, spring, autumn and
winter, respectively.

Table 1. Infestation rates of various ticks in sheep, goats and cattle in Afyonkarahisar region

Seasons Infestation Rate (%)

Sheep Goat Cattle Total
Autumn 37,29 (179/480)* 33,75 (162/480) 19,16 (92/480)  30,06(433/1440)
Winter 19,16 (92/480) 20 (96/480) 5,8 (28/480) 15(216/1440)
Spring 36,16 (188/480) 34,79 (167/480) 23,54 (113/480)  32,5(468/1440)
Summer 43,75 (210/480) 38,12 (183/480) 23,95 (115/480)  35,2(508/1440)
Mean 34,84 (669/1920) 31,66 (608/1920) 18,12 (348/1920) 28,21(1625/5760)

*The number of infested animals/ The number of examined animals

In Afyonkarahisar region 13 tick species residing
five families of sheep, goat and cattle were
detected. 11 species in the sheep and cattle and 10

species in goats were found. From the collected
ticks, Rhipicephalus bursa, R. sanguineus, R. turanicus,
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Hyalomma marginatum, H. detritum, Dermacentor niveus,
D. marginatus and Haemaphysalis parva Hae. punctata
were found in three animal species. Adults, larvae
and nymphs of Ormithodoros lahorensis were only seen
in the sheep, the species of H. excavatum and H.
anatolicum were detected only in the cattle, and the
nymph of Haemaphysalis spp. were observed only in
the goats. The nymphs of Hae. suleata and
Rhbipicephalus spp. were observed in the sheep and
goats. In the grazing areas, mature D. nivens was
found only in Hocalar while O. /laborensis was
observed in sheep barn in Iscehisat.

The distribution of ticks collected from the sheep
for two years according to research centers was
shown in Table 2. During the study, 7347 tick
species were collected from the sheep. The rates of
these were as 25.21% R. bursa, 20.7% R. sanguineus,
20.35% Hae. parva, 12.58% D. nivens, 9.77% R.
turanicus, 3.04% Hae. sulcata, 1.31% Hae. punctata,
0.38% D. marginatus, 0.15% H. marginatum, 0.03%
H. detritum, 4.36% O. laborensis, 0.01% Rhbipicephalus
spp. nymph, 2.03% Oruithodoros spp. nymph, 0.1%
Ornithodoros spp. larvae.

Table 2. The distribution of ticks collected from the sheep according to the research centers

Research Center

Tick Species Suhut Iscehisar Thsaniye Hocalar Total %
R. bursa Male 162 211 509 137 1019 13,87
Female 136 140 443 114 833 11,34
R sanguinens Male 48 87 653 215 1003 13,65
Female 56 58 297 106 517 7,04
R. turanicus Male 15 91 251 94 451 6,14
Female 13 84 111 59 267 3,63
H. marginatum Male 0 5 4 1 10 0,14
Female 1 0 0 0 1 0,01
H. detritum Male 2 0 0 0 2 0,03
Female 0 0 0 0 0 0,00
D. niveus Male 215 124 87 118 544 7,40
Female 153 78 84 65 380 5,17
D. marginatus Male 9 5 1 4 19 0,26
Female 6 2 1 0 9 0,12
Hae. parva Male 496 270 71 111 948 12,90
Female 286 142 34 85 547 7,45
Hae. sulcata Male 77 4 20 6 107 1,46
Female 81 4 28 3 116 1,58
Hae. punctata Male 29 19 4 10 62 0,84
Female 14 15 2 3 34 0,46
Rhipicephalus spp. Nymph 0 0 1 0 1 0,01
Ornithodoros laborensis  Male 0 245 0 0 245 3,33
Female 0 76 0 0 76 1,03
Ornithodoros spp. Larvae 0 7 0 0 7 0,10
Nymph 0 149 0 0 149 2,03
Total 1799 1816 2601 1131 7347 100

The distribution of the ticks collected from the
sheep according to the months was given in Table
3. According to that, the highest number of ticks
on the sheep was found in May, followed by June
and April. The infestation was at least in August.
During the course of two years of study, the tick
species causing the most infestation in the sheep
was Rhbapicephalus bursa while Hyalomma detritum was

the rarest. The ticks from Rbhipicephalus spp. and
Hyalomma spp. families were observed in spring and
summer times (April-August) while the ticks from
Dermacentor spp. and  Haemaphysalis spp. families,
being present mostly in autumn and winter times
(September- February), reduced in number in
spring and totally disappeared in summer months.
Mature  Omuithodoros  lahorensis and larvae and
nymphs of Ormuithodoros spp. were encountered in
November and January.
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Table 3. The distribution of the ticks collected from the sheep according to the months

Months
Tick Species \Y VI vl vlilII IX X XI XII'I I HI IV Total
R. bursa 637 566 76 16 6 0 O O O 0 O 551 1852
R. sanguinens 505 645 17224 0 O O O O O O 174 1520
R. turanicus 277 204 34 5 6o 0 o0 o0 0 0 0 198 718
H. marginatum 5 6 0 0 6o 0 o0 o0 o o o o0 11
H. detritum 2 0 0 0 6o 0 0 o0 0O 0 0 0 2
D. nivens 9 0 0 0 441 115 80 78 101 46 37 17 924
D. marginatus 1 0 0 O 8§ 1 5 2 1 1 6 3 28
Hae. parva 4 0 0 0 305 288 260 178 278 97 65 20 1495
Hae. sulcata 1 0 0 0 99 8 14 17 5 3 3 0 223
Hae. punctata 0 0 0 0 10 27 24 13 21 0 1 O 96
Ornithodoros lahorensis 0 0 0 0 0 0 186 0 1350 0 0 321
Ornithodoros spp. larvae 0 0 0 O o o 7 0 O O O 0 7
Ornithodoros spp. nymph 0 0 0 O 0 o 1110 38 0 0 0 149
Rhbipicephalus spp. nymph 0 1 0 0 6o 0 o0 o0 0 0 0 0 1
Total 1441 1422 282 45 869 512 687 288 579 147 112 963 7347

The distribution of the ticks collected from the
goats for two years according to the research
centers were given in Table 4. During the course of
the study, 4094 tick species were collected from the
goats. The rates of these were as 44.14% R. bursa,
20.86% D. mniveus, 15.12% Hae. parva, 5.62% R.

sanguineus, 4.3% Hae. sulcata, 3.27 % Hae. punctata,
2.52 % R. turanicus, 1.89 % H. marginatum, 0.46 %
D. marginatus, 0.02 % H. detritum, 1% Rhbipicephalus
spp. nymph, 0.68 % Haemaphysalis spp. nymph, 0.12
% Rhbipicephalus

pp-

Table 4. The distribution of the ticks collected from the goats for two years
according to the research centers

Research Center

Tick Species Suhut Iscehisar Thsaniye Hocalar Total %
R. bursa Male 226 353 555 48 1182 28,87
Female 118 236 233 38 625 15,27
R. sanguinens Male 16 15 87 22 140 3,42
Female 11 6 54 19 90 2,20
R. turanicus Male 12 19 13 16 60 1,47
Female 6 17 9 11 43 1,05
H. marginatum Male 15 15 8 13 51 1,25
Female 5 10 6 5 26 0,64
H. detritum Male 0 0 0 1 1 0,02
Female 0 0 0 0 0 0,00
D. nivens Male 130 75 95 260 560 13,68
Female 117 55 55 67 294 7,18
D. marginatus Male 6 2 0 8 16 0,39
Female 0 1 0 2 3 0,07
Hae. parva Male 132 79 56 88 355 8,67
Female 100 52 46 66 264 6,45
Hae. sulcata Male 44 8 21 30 103 2,52
Female 24 17 16 16 73 1,78
Hae. punctata Male 20 29 7 35 91 2,22
Female 12 14 3 14 43 1,05
Rbipicephalus spp. Larvae 0 5 0 0 5 0,12
Nymph 0 41 0 0 41 1,00
Haemaphysalis spp. ~ Nymph 0 0 0 28 28 0,68
Total 994 1049 1264 787 4094 100

larvae.
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The distribution of the ticks collected from the
goats for two years according to the months were
given in Table 5. According to that, the highest
number of ticks on goats was found in June
followed by September and April. The least of
infestation was found in August. During the two
years of the study, the tick species causing the

highest and lowest rate of infestation were
Rbipicephalus ~— bursa  and  Hyalomma  detritum,
respectively. The nymphs and larvae of
Rhipicephalus spp. were seen in November. The
nymphs of Haemaphysalis spp. were seen only in the
goats and in October.

Table 5. The distribution of the ticks collected from the goats from Afyonkarahisar
region according to the months

Months
Tick Species vV VI VII VIII IX X XI XII I II I IV Total
R bursa 325 945 250 24 4 0 3 0 0 0 0 256 1807
R. sanguinens 1 70 31 0 0 0 0 0 0 0 0 128 230
R. turanicus 100 9 27 6 0 0 0 0 0 0 0 51 103
H. marginatum 18 6 5 0 2 0 0 0 0 0 0 46 77
H. detritum 0 1 0 0 0O 0 0 0 0o 0 0 O 1
D. niveus 120 0 0 451 203 74 24 18 20 43 9 854
D. marginatus 2 0 0 0 1 5 1 0 2 2 5 1 19
Hae. parva 0 0 0 0 158 212 91 61 35 28 14 20 619
Hae. sulcata 0 0 0 0 3 23 69 17 12 4 6 9 176
Hae. punctata 0 0 0 0 8 6 69 28 6 o6 8& 3 134
Rhbipicephalus spp. larvae 0 0 0 0 0o 0 5 6o 0 0 0 O 5
Rbipicephalus spp.oymph 0 0 0 0 0 0 4 0 0 0 0 0 41
Haemaphysalis spp. nymph 0 0 0 0 0 28 0 6o 0 0 0 0 28
Total 368 1031 313 30 660 477 353 130 73 60 76 523 4094
The distribution of the ticks collected from the 27.17% R.  sanguinens, 26.36% H. marginatum,

cattle from Afyonkarahisar region during the two
years of study according to the research centers
was shown in Table 6. During the study, 2219 tick

19.51% R. bursa, 12.76% D. niveus, 8.65% Hae.
parva, 2.61% R. turanicus, 1.13% H. detritum, 0.72%
D. marginatus, 0.54 % H. anatolicum, 0.37% H.

species were collected. The rates of these were as excavatun, 0.18% Hae. punctata.
Table 6. The distribution of the ticks collected from the cattle from
Afyonkarahisar region according to the research centers
Research Center
Tick Species Suhut  Iscehisar Thsaniye Hocalar ~ Total %
R. bursa Male 14 58 51 21 144 6,49
Female 18 52 42 177 289 13,02
R. sanguinens Male 7 7 94 208 316 14,24
Female 4 9 95 179 287 12,93
R. turanicus Male 0 22 14 0 36 1,62
Female 0 19 2 1 22 0,99
H. marginatum Male 128 49 89 108 374 16,85
Female 57 41 51 62 211 9,51
H. detritum Male 7 2 5 3 17 0,77
Female 2 2 3 1 8 0,36
H. excavatum Male 6 0 1 0 7 0,32
Female 0 0 1 0 1 0,05
H. anatolicum Male 0 2 2 2 6 0,27
Female 0 2 4 0 6 0,27
D. niveus Male 52 29 29 51 161 7,26
Female 49 31 20 22 122 5,50
D. marginatus Male 4 0 2 4 10 0,45
Female 4 0 2 0 6 0,27
Hae. parva Male 10 46 13 75 144 6,49
Female 11 31 4 2 48 2,16
Hae. punctata Male 0 2 0 0 2 0,09
Female 0 2 0 0 2 0,09
Total 373 406 524 916 2219 100
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The distribution of the ticks collected from the
cattle during the two years of study according to
the months was shown in Table 7. The highest
frequency of ticks on the cattle was seen in May,
followed by June and April. While no tick was
encountered in March, minimal infestation was

detected in January. During the two years of
research, the most infestation in cattle was caused
by Rbipicephalus — sanguinens and H.  marginatum
whereas Hae. punctata was the least prominent
species.

Table 7. The distribution of the ticks collected from the cattle from
Afyonkarahisar region according to months

Months
Tick Species V VI VI VII IX X XI XII T II TIII IV Total
R. bursa 263 54 8 5 0 0 0 0 0 0 0 103 433
R sanguinens 331 230 5 0 0 0 0 O 0 0 0 37 o3
R. turanicus 1 9 0 0 0 0 0 0 0 0 0 48 58
H. marginatum 207 266 39 9 17 1 0 0 0 1 0 45 5g5
H. detritum 6 3 0 2 0 0 0 0 0 0 0 14 o5
H. excavatum 8 0 0 0 0 0 0 0 0 0 0 O 8
H. anatolicum 4 4 0 4 0 0 0 0 0 0 0 O 12
D. nivens 0 0 0 0 109 109 41 4 4 13 0 3 283
D. marginatus 0 0 2 0 9 2 2 0 1 0 0 O 16
Hae. parva 0 0 0 0 12 31 39 81 4 18 0 7 192
Hae. punctata 0 0 0 0 0 0 4 0 0 0 0 0 4
Total 820 566 54 20 147 143 8 85 9 32 0 257 2219

During the research, the distribution of the ticks on
the host body parts was also determined.
According to that, the mature ones of Rhipicephalus
bursa, R. sanguineus and R. turanicns were detected in
the ears of the sheep, inguinal regions of the cattle
more frequently than in the other parts. The
mature ones of R. bursa were more in perianal
regions and the mature ones of R. sanguinens and R.
turanicus were in the ears of the goats. Larvae and
nymphs of Rhipicephalus spp. were on the backs of
the sheep and goats. Mature Hyalomma marginatum
was more frequently in the inguinal regions of the
sheep, in inguinal and perianal regions of the cattle
and goats, and also the mature H. detritum, H.
excavaturn and H. anatolicum were mostly in the
inguinal regions of the cattle. Mature ones of
Dermacentor nivens were more commonly seen in the
chests of goats and tails of the sheep and cattle.
Mature ones of Dermacentor marginatus were motre
frequently seen in the tails and chests of goats and
in the tails of the sheep and cattle than any other
parts. The mature ones of Haemaphysalis parva were
detected in the ears of the cattle and the chests of
the sheep and goats. The mature ones of Hae.
suleata and Hae. punctata were seen more in the
chests of the sheep and goats thn in the other
parts. The nymphs of Haemaphysalis spp. were
detected on the backs of the goats. The mature
ones of Oruithodoros laborensis and the larvae and
nymphs of Oruithodoros spp. were observed on the
backs of the sheep.

In the research, a significant linear relationship was
not found between the numbers of R. bursa, R.
sanguinens, R. turanicus, Rhipicephalus spp. nymph, H.
marginatum, H. detritum, H. excavatum, D. marginatus,

D. niveus, Hae. sulcata, Haemaphysalis spp. larvae and
nymph, O. laborensis, Ornithodoros spp. larvae and
nymph and mean precipitation, mean temperatures
and mean humidity measures (p>0.05). A negative
relation was determined between the numbers of

mature Hyalomma anatolicumm and mean humidity
measures (p=0.05). As the humidity increased, the
number of H. anatolicum decreased. A significant
linear relation was not found between the numbers
of mature Hyalomma and mean
precipitation and temperature measures (p>0.05).
A positive relation was determined between the
numbers of the mature Haemaphysalis parva and
mean humidity measures (p=0.05). As the humidity
increased, the number of the mature Hae. parva
increased. A significant linear relationship was not
found between mean precipitation and mean
temperature measures and the number of mature
Hae. parva (p>0.05). A positive relationship was
determined between the number of mature
Haemaphysalis punctata and mean humidity measures
(p=0.05). As the mean humidity rose, the number
of mature Hae. punctata increased. A significant
linear relationship was not determined between the
mean precipitation and mean temperature
measures and the number of the mature ones of

the species (p>0.05).

anatolicum
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DISCUSSION

In the studies conducted in Turkey to date, 32 tick
species have been determined in the sheep, goats,
and cattle (Kurtpinar 1954; Oytun, 1956;
Merdivenci, 1969; Aydin and Bakirci, 2007,
Dumanlt et al.,, 2012). In this study conducted in
Afyonkarahisar, 13 species such as Rbipicephalus
bursa, R.  sanguinens, R.  turanicus, Hyalonma
marginatum, H. detritum, H. anatolicum, H. excavatum,
Dermacentor nivens, D. marginatus, Haemaphysalis parva,
Hae. punctata, Hae. sulcata and Ornithodoros lahorensis
were found in the sheep, goats, and cattle.

In the study, Rhbipicephalus bursa was found in all
research centers. When listed according to the
frequency rates in the animal species, it was mostly
seen in the sheep, goats and the cattle, respectively.
It was maximal in April-June and minimal in July-
August. This is compatible with the findings of
other studies (Karaer, 1983; Zeybek and Kalkan,
1984; Tasct, 1989; Arslan et al., 1999; Aktas et al.,
2006; Mamak et al., 2006; ica and Ozkan, 2015).
Compared to the other Rhipicephalus species, it is
the most frequently encountered species. While
this is similar to the findings of some studies (Sayin
and Dumanli, 1982; Tasct, 1989; Aydin, 1994;
Razmi et al., 2007), also presents differences with
some others (Yukari and Umur, 2002; Ica and
Ozkan, 2015).

The ticks of Rbipicephalus sanguinens species were
observed in all research centers. It was seen in
April-August in the sheep and in April-July in the
cattle and goats. When all research centers were
considered, it was mostly seen in June and
minimally in July. This is compatible with other
previous studies (Tasct, 1989; Beyazit, 2000).

Rhbipicephalus turanicns was most frequently collected
from the sheep and most densely in May. The least
number was collected from the cattle. It was most
densely collected from the cattle and goats in April.
While this species among Rhbipicephalus species was
reported to be the most dominant in Burdur
(Yukart and Umur, 2002), Kiitahya (Iga and Ozkan,
2015), Van Region (Tasct, 1989) and Black Sea
Region (Aydin et al., 2012), it was the least detected
species in our study.

Species from Hyalomma family were most and least
commonly seen in the cattle and in the sheep,
respectively. When listed according to density, H.
marginatum, H. detritum and H. anatolicum and H.
excavatum species of ticks were diagnosed. It was
reported that the ticks from that family were
observed on the cattle in Manisa, [zmir and Aydin
provinces throughout the year but their numbers

were limited during the winter months (Bakirct et
al., 2012). During the research, the ticks from that
family were observed between April and July and
most commonly seen in June.

The ticks from Demmacentor family were mostly
reported in goats and minimally observed in the
cattle in Burdur region (Yukart and Umur, 2002).
In the study carried out in Kiitahya region (I¢ca and
Ozkan, 2015), D. marginatus was reported to have
been commonly seen only in the sheep. In our
study, Dermacentor niveus and D. marginatus were seen
in all animal species, mostly in the sheep and
minimally in the cattle, frequently in autumn
months.

In our study, from Haemaphysalis family,
Haemaphysalis parva, Hae. sulcata and Hae. punctata
species were observed. When three species were
compared, mostly Hae. parva and minimally Hae.
punctata were detected. All three species were
observed between September and April. It was
reported to have been seen in the sheep and goats
in Samsun region in August, September,
November and December (Zeybek, 1980). It was
reported that all three species were observed in the
Northern Marmara Region, Balikesir, Bilecik, Bursa
and Canakkale provinces during autumn and winter
months (Aydin, 2002). In our study, in the cattle,
Hae. parva and a small number of Hae. punctata were
detected. Haemaphysalis species were reported to be
on the animals in Van and Gevas, Muradiye, Ercis,
Ozalp and Saray districts during autumn, winter
and spring times (Akdemir, 2001). The data on
these species derived from our study are
compatible with the results of that study. It was
reported that in Ankara region, Hae. parva and Hae.
punctata were intensely observed on the cattle,
sheep and goats in March and October while Hae.
suleata were at high levels in March and November
(Cicek, 2004). In our study, ticks of Hae. sulcata
were not found on the cattle.

In the study conducted on the cattle and sheep in
Kayseri region it was reported that ticks of
Ornithodoros lahorensis species were only seen in the
sheep (Yay et al., 2004), encountered in the cattle
and sheep in Elazig (Sayin and Dumanli, 1982), and
were not found in the Northern Marmara Region
(Aydin, 1992). During the research, the ticks of O.
lahorensis were detected only in the sheep in
November and January. They were not found in
other animal species.

Ixodes ricinus, Ixodes hexagonus species from Ixodes
family were reported in Turkey. I. ricinus was mostly
reported in the forestland and coastal regions
(Gargilt et al., 2010). In addition, previous studies
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have reported that such species are more frequent
in high regions with low altitude and relative
intensity (Er, 1996). Tca and Ozkan (2015) reported
that they found these two tick species in high
altitude forestland in Kiitahya region. In this study,
no ticks from that family was found in any animal
species.

Boophilus (Rhbipicephalus) annulatus has been reported
to reside on animals mostly in spring and autumn
months (Hoofman et al, 1971). It has been
reported to appear in the cattle in Burdur region in
the months other than February, March, and
August (Yukart and Umur, 2002), in the cattle and
sheep in Elazig region mostly in spring (Sayin and
Dumanliy, 1982), that it is the most frequent species
in the cattle in the Northern Marmara region and
the least frequent one in sheep and goats (Aydin,
1994), that it is seen in the cattle more commonly
than in the sheep and goats in Kiitahya region (I¢a
and Ozkan, 2015). During our research, Boophilus
(Rhbipicephalus) annnlatus was not seen in any animal
species. It has been considered that the insecticide
regularly applied to the cattle within the scope of
the combat put up against ticks by the Ministry of
Food, Agriculture and Livestock during the years
of the study, and that this species is overly
susceptible to the cold weather might have resulted
in not encountering this species.

RESULT

In Afyonkarahisar region, 13 tick species such as
Rhbipicephalus  bursa, R.  sanguineus, R.  turanicus,
Haemaphysalis  parva, Hae. sulcata, Hae. punctata,
Dermacentor  nivens, D.  marginatus,  Hyalomma
marginatum, H. detritum, H. anatolicum, H. excavatum,
Ornithodoros laborensis were collected from the sheep,
goats and cattle. The mature ones of Rhbipicephalus
bursa were extensively detected in areas where the
terrestrial climate is dominant, with steppe
vegetation and calcareous soil structure. The
occurance of Rbipicephalus sanguinens were more
common in the regions where the Mediterrannean
climate is dominant and covered with scrubs and
rugged terrain. Mature Rhbipicephalus turanicus was
seen in the areas where vegetation is richer in
steppe and forestland. The mature ones of
Hyalomma marginatum were commonly seen in the
regions covered with scrubs where the terrestrial
climate is dominant, and the mature ones of H.
detritum and H. excavatum were extensively present
in the regions with the terrestrial climate. Mature
ones of Dermacentor niveus and D. marginatus were
most commonly observed in high altitude regions
with rich scrubs and forestland. The mature ones
of Haemaphysalis parva and H. sulcata were more
frequently observed in the high altitude regions
where the vegetation is poor but the terrestrial

clime is softer. In the study, the mature ones of
Haemaphysalis punctata were less frequently found in
the regions with steppes than other Haemaphysalis
species.

In Afyonkarahisar region, tick infestation was
highest in sheep (34.84%), in goats (31.66%) and in
cattle (18.12%), respectively. Hameaphysalis spp.
nymph and larvae were found in goats, Rhbipicephalus
spp. nymphs were found in the sheep and goats,
and larvae were only found in the goats during the
study. In order for an effective combat against the
ticks, the seasonal activities of the species must be
known. Therefore, the seasonal activities of ticks in
all regions must be determined.
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(074
Bu arastirma, broyler beslemede yem katki maddesi olarak yaygin kullamilmaya baslayan mersin, biberiye ve kekik esansiyel yaglarinin ince
bagirsak kastlimlart iizerine etkisini beliflemek amactyla yapildi. Ozel bir kanatli mezbahanesinde elde edilen (40-42 giinliik) 10 adet ince
bagirsak, krebs solusyonu (NaCl, 118 mmol/l; KCl, 4.7 mmol/l; CaCly, 2.5 mmol/l; MgSO4, 1 mmol/l; KH2PO4, 1 mmol/1 glukoz 11,
mmol/l; NaHCOs3, 25 mmol/]) ile +4 /C’de laboratuara getirildi. Duodenum, jejenum ve ileum dokulari, 39 ©C sicaklikta ve %95 O -
%5 CO; gaz karisimi ile stirekli havalandirlan 20 ml krebs ¢ozeltisi igerisinde olacak sekilde dort kadehli izole organ banyosuna
yetlestirildi. Dokularin kastlimlart "force transducer" ve "acquisition system" yardimi ile bilgisayarda goriintilenerek kaydedildi.
Clevenger cihazin hidrodistilasyon metodu ile elde edilen mersin, bibetiye ve kekik esansiyel yaglart 0,1-1000 pg/ml derisim araliginda
duodenum, jejenum ve ileum dokularina uygulanarak etkileri ve etkili dozlart belirlendi. Aynt sekilde ayni dokularda asetilkolinin 10-10 -
10-3 M araligt ile EFS ( Electrical field stimulation; Elektriksel alam uyarimi) uygulanarak maksimal kasilimlar elde edildi. Ug yaginda etkili
dozlart maksimal kasilimlarin elde edildigi asetilkolin ve EFS ile tekrar degerlendirildi. Her ii¢ dokuda da biberiye ve kekik esansiyel
yaglarinin 1000 pg/ml, mersin yaginin ise 300 ve 1000 pg/ml dizeylerinin spontan kasilimlart tamamen engelledigi diger derisimlerin
dokular tizerinde belirgin bir yanit olusturmadigs gériildi. Asetilkolin ve EFS ile uyarilmis dokularda ise esansiyel yaglarin etkili dozlarinin
kasilimlart %15-35 araliginda engelledigi ortaya konuldu. Sonu¢ olarak mersin, biberye ve kekik esansiyel yaglarinin ince bagirsak
kasilimlarint engelledigi iz vitro olarak gésterildi. Ancak bu etkinin olusmast igin yitksek dozlarda uygulanmasi gerektigi ifade edilebilir.
Anahtar kelimeler: Mersin, biberiye, kekik, esansiyel yag, ince bagirsak

The Effect of Essential Oils of Myrtle, Rosemary, and Thyme on Intestinal Motility in Broiler

ABSTRACT

This research was conducted to determine the effects of essential oils of myrtle, rosemary, and thyme, which are common essential oils
in broiler nutrition, on small intestine contractility. For this purpose, small intestines of 10 broiler chickens of 40-42 days old, which
were sacrificed in a special slaughterhouse and wete put into Krebs solution (NaCl, 118 mmol/l; KCl, 4.7 mmol/]; CaCl, 2.5 mmol/];
MgSO4, 1 mmol/l; KH,PO4, 1 mmol/1 glucose 11, mmol/1; NaHCO3, 25 mmol/1) and transfetred to the laboratories at +4 0C. Isolated
strips of duodenum, jejunum and ileum were placed in a four-channeled, isolated organ bath system at 39 °C, ventilated by a mixture of
95% O2 - %5 CO; regularly. The contractions of the tissues were recorded by displaying them on the computer with the help of "force
transducer" and "acquisition system". The effective doses and effects of essential oils of myrtle, rosemary, and thyme, obtained by
hydrodistillation method of Clevenger apparatus, wete determined in a concentration range of 0.1-1000 wug / ml. Similarly, maximal
contractions were obtained by applying EFS at acetylcholine concentrations in a range of 10-10 -10-3 M. The maximal effective doses of
all three essentil oils were re-evaluated at acetylcholine and EEFS applications in which maximal contractions are obtained. It was
determined that the essential oils of 1000 pg/ml of rosemary and thyme, and 300 and 1000 pg/ml levels of myrtle inhibited spontancous
contractions of all three tissues completely, whereas no significant responses were observed in these tissues at other concentration levels.
In tissues stimulated by acetylcholine and EFS, the effective doses of the essential oils inhibited contractions in the range of 15-35%. In
conclusion, the essential oils of myrtle, rosemary, and thyme were demonstrated to inhibit the contractions of small intestine iz vitro .
However, it has been observed that higher doses are needed to be applied to obtain this effect.

Keywords: Myrtle, rosemary, thyme, essential oils, small intestines
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GIRIS

Esansiyel yaglar; bitkilerin yaprak, cicek, kabuk,
tohum ve koklerinden elde edilen genellikle stvi
formda ve kolay kristallesebilen; renksiz veya actk
sart renkte yagimst karigimlardir. Bulunduklari
bitkiye 6zgti, koku ve yakict lezzete sahip olup oda
sticakhiginda ucucu ve kokulu olmalatt en belirgin
6zelliklerindendir (Seving ve Merdun 1995). Suda
¢cozlinmeyip, organik ¢oziictlerde ¢éziindikleri igin
yag olarak tanimlansalar da sabit yaglardan farkli
yapidadirlar ~ (Bayaz 2014). Icerdikleri etken
maddelere gére esansiyel yaglarin antimikrobiyal,
antioksidan, sedatif ve diuretik etkileri bulunmakla
beraber (Javanmardi ve ark. 2003) son zamanlarda
kanatli beslemede 6zellikle sindirimi uyarict ve istah
acict  amacla da  kullandmaya  baslanmistir
(Hernandez 2004).

Esansiyel yaglarin kanatli beslemede lezzet tizerine
etkisi 6nem arz etmektedir (Bugdayct 2008). Deyoe
ve ark. (1962), tavuklarin tat tercihlerini belirlemek
amaciyla yaptiklari bir ¢alismada icme suyuna ilave
edilen tereyagi aromast ve tereyagt ile birlikte melas,
portakal, ayva, cikolata, sogan ve hindistan cevizi
aromalarinin, aroma ilavesi yapilmayan suya gore
daha c¢ok tiketildigini bildirmislerdir. Ayni
zamanda esansiyel yaglarda bulunan eugenol ve
nerolinin tavuklar tarafindan istekle titketilmedigi
bu yiizden yem tiiketiminin buna baglt azalabilecegi
bildirilmektedir. Baharat ve bitkilerden elde edilen
esansiyel yaglar, besin maddelerinin sindiriminde
etkili olurken (Pradeep ve ark. 1991, Pradeep ve
Geervani 1994), bazilari safra tuzu sekresyonu
tzerine etkili olmaktadir (Bhat ve ark. 1984, Bhat
ve Chandrasekhara 1987, Sambaiah ve Stinivasan
1991). Bitki ekstraktlarinin  broylerlerde  besi
performanst ve sindirilebilitlik tizerine etkilerinin
incelendigi calismada rasyonlara 200 mg/kg
esansiyel yag ekstrakti-1 (oregano, tarcin ve biber)
ve 5000 mg/kg esansiyel yag ekstrakt-2 (adacay,
kekik ve biberiye) ilave edilmesinin  besin
maddelerinin sindirilebilirligini artirdigs bildirilmigtir
(Hernandez ve ark. 2004). Kreydiyyeh ve ark.
(2000)  ise karanfil esansiyel yaginda bulunan
cinnemaldehyde ve eugenoliin sirast ile 1000 ve
850 mg/kg dizeylerinde si¢an jejunumda aleninin
emilimini azalttigini ortaya koymuslardir.  Buna
karsin broyletlerde 100 mg/kg timol, 100 mg/kg
cinnamaldehyde ve 100 mg/kg ticari bir esansiyel
yag kansiminin 21. ve 40. glnlerde pankreas
enzimlerinden amilaz, lipaz, tripsin ve kimotripsin
enzim etkinliklerini degistirmedigi saptanmustir (Lee
ve ark. 2003).

Bitkisel ekstraklarin ve yaglarin, diiz kas kasilimlart
lzerine farklt etkileri bulunmaktadir.
Kemirgenlerde  Pavetta  crassipes  bitkisinin
yapraklarindan elde edilen ve igeriginde bol

miktarda flavonoidler, tanenler iceren ekstraktin
bagirsak ve uterus diiz kaslarinin spontan kasilimlar
tzerinde derisime baglt olarak 6nleyici etki yaptigt
belirtilmistir. Etkisini kalsiyum kanallart boyunca
olusturdugu sonucuna varilmistir. (Amos ve ark.
1998). Ayt sekilde Neorautanenia mitis bitkisinin
ekstraktin izole rat uterusun normal ritmik
kasilmalarini ortadan kaldirdigr ve ayrica oksitosinle
olusturulan kasilmalar1  engelledigi  belirtilmistir
(Vongtau ve ark. 2000), Onobrychis viciifolia
ekstrakttnin ~ ise  ince  bagirsak  kastlimlarini
engelledigi gosterilmistir (Ince ve Filazi 2009).
Tersine Indigofera dendroides bitkisinin ise kolinerjik
yoldan kasilimi artirdigt belirlenmistir (Amos ve
ark. 2003).

Son yillarda kanatli beslemede esansiyel (mersin,
biberiye, kekik) yaglar yaygin kullanilmasina karsin
ince  bagirsak  kasthimlart  tzerine  etkileri
bilinmemektedir. Bu amacla bu calismada mersin,
biberiye ve kekik esansiyel yaglarinin tavuk ince
bagirsaginda  kasithimlar  {izerine  etkisinin
belitrlenmesi amaclanmustir.

MATERYAL ve METOT

Aragtirmada kullanilan esansiyel yaglar
Mersin, biberiye ve kekik esansiyel yaglar Clevenger
cihazin hidrodistilasyon metodu ile elde edilmistir.

Mersin, biberiye ve kekik esansiyel yaglarinin
ince bagirsak (duodenum, jejenum ve ileum)
kasilimlarina etkisinin belirlenmesi

Arastirmada 6zel bir kanatli mezbahanesinde elde
edilen (40-42 giinlik) 10 adet ince bagirsak hemen
krebs soliisyonuna (NaCl 118; KCI 4,7; CaCl2 2,5;
MgSO4 1, KH2PO4 1, NaHCO3 25 ve glikoz 11
mM) alinarak +4 °C'de fizyoloji AD laboratuarina
getirildi. Takibinde her bir bagirsak bolimi krebs
cOzeltisi icerisine etrafindaki mezenter ve yag
dokudan dikkatli bir sekilde temizlenerek 0,1 -- 0,3
cn x 0,6 cm boyutlarinda serit seklinde doku
parcast elde edilmigtir. Hazirlanan bu preparatlar,
39 oC sicaklikta ve % 95 Oz - % 5 CO; gaz karisimi
ile sirekli havalandirilan 20 ml krebs cozeltisi
igerisinde olacak sekilde izole organ banyosunun I,
II, IIT ve IV numarali olmak tlzere her dort
kadehindeki platin halka elektrotun alt ucuna
baglanarak dokunun halka elektrotlar arasinda
kalmast saglandi. Dokunun diger ucu tst uglarindan
force transducer'a baglanip tespit edilecek ve
izometrik duiz kas hareketleti "force transducet" ve
"acquisition system" yardimu ile Dbilgisayarda
gorintilenerek kaydedildi (Bulbul ve ark. 2007).
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Duodenum, jejunum ve ileum tzerine
ekstraktin etkisinin tek basina belirlenmesi
Dokular organ banyosunda dengelendikten sonra
esansiyel yaglar 0,1 — 1000 pg/ml derisim araliginda
ve her bir doz araligi 3 dakika olacak sekilde
kiimiulatif olarak duodenum, jejenum ve ileum
dokusuna ayrt ayrt uygulandi. Dokular 15 dakika
arayla 3 defa yikanmast kogsuluyla belirtilen her bir
derisim bireysel olarak duodenum, jejenum ve
ileum dokusuna ayrt ayrt uyguland: (Bulbul ve ark.
2007).

Duodenum, jejenum ve ileum izerine
asetilkolinin etkisinin belirlenmesi

Dokularin organ banyosuna aligmalart icin bir saat
beklendikten sonra asetilkolinin 10-10, 3x10-19, 10,
3x107, 108, 3x108, 107, 3x107, 106, 3x10¢, 1075,
3x105, 104, 3x104 ve 103 M dozlar1 sirastyla
kumulatif bicimde duodenum, jejenum ve ileum
dokularina  ayrt  ayrt  uygulandi.  Uygulanan
asetilkolin dozlarina cevap gézlemlendikten sonra
iki dakika arayla iki kez yikandt ve 10 dakika da
bekletilerek doku dinlendirildi. Her doz icin pg
cinsinden elde edilen yanitlar kaydedildi ve
bunlardan ortalamalar hesaplandi.

Duodenum, jejenum ve ileum izerine
esansiyel yaglarin  etkisinin  asetilkolinle
birlikte aragtirilmasi

Dokular organ banyosunda dengelendikten sonra
asetilkolinin ¢ dokuda da maksimal kasilim
olusturan dozu 1ile yag ekstraklar1 beraber
uyguland:i. Elde edilen yanitlarin % degerleri
hesaplandh.

Duodenum, jejunumu ve ileumu izerine
esansiyel yaglarin elektriksel alan uyarimi
(EFY) ile etkisinin belirlenmesi

Dokular organ banyosunda dengelendikten sonra
EFS ile her iki doku icin submaksimal kasilimin
saglandigi voltaj, frekans ve uyart derinligi degerleri
tespit edilecektir. Bunun icin dokuya gesitli
diizeylerde elektrik akimi (10, 20, 30, 40 volt) farkl
stirelerde (0,25, 0,5, 1 ms) ve siklikta (frekans) (2, 4,
8, 16, 32, 64 Hz) uygulandi (Bulbul ve ark. 2007).
En iyi kasitlimin meydana geldigi ortalama frekans
degeri, uyart derinligi ve voltaj yiksekliginde
esansiyel yaglarla kasiim yanitlariin % degetleri
tespit edildi.

[zole organ  banyosu  degerlendirmelerinde
uygulamalar arasinda fark olup olmadiginin
belirlenmesinde Tek Yonlti Varyans Analizi, farkin
hangi gruplar arasinda oldugunu belirlemek icin ise
Tukey testi yapildt (SPSS 13.0). P<0.05 degeri
istatistiki acidan 6nem sinirt kabul edildi.

BULGULAR

Duodenum, jejenum ve ileum kasilimlar
iizerine mersin, biberiye ve kekik esansiyel
yaglarinin etkisi

Esansiyel yaglarin 0,1, 0,3, 1, 3, 10, 100, 300 ve
1000 pg/ml derisimlerde kimulatif uygulamast
sonucunda duodenum, jejenum ve ileumda farkh
derisimlerde kademeli derisim-yanittna uygun
olmayan gevsemelere sebep oldugu gorildi.
Biberiye ve kekik esansiyel yaglarinin dokularda
0,1-1000 ng/ml derisimlerinin kiimilatif ve bireysel
olarak uygulanmasinda 1000 pg/ml, mersin yaginin
ise 300 ve 1000 pg/ml disindaki derisimlerinin
dokular tzerinde belirgin bir yanit olusturmadigi,
belirtilen derisimlerin  uygulanmasi  sonucunda
dokulardaki normal (fazik) kontraksiyonlarin
engellendigi gorilmustiir. Buna karsin, yikama
isleminden sonra kasilimlarin  tekrar bagladigt
belirlendi.

Duodenum, jejenum ve ileum kasilimlarn
tizerine asetilkolinin etkisi

Duodenum, jejenum ve ileum dokulari tzerine
uygulanan ¢esitli konsantrasyonlardaki asetilkoline
(1010, 3x10-19, 109, 3x109, 108, 3x108, 107, 3x107,
106, 3x10¢, 105, 3x105, 104, 3x104 ve 10> M) ait
amplitut degerleri Cizelge 1’de ve bu kasilimlara ait
doz-cevap egrileri ise sirastyla Sekil 1, 2 ve.3” de
gosterildi.

Buna goére her i¢ dokuda da asetilkolinin
konsantrasyon artisina baglt olarak amplitutlerde
biyiime meydana geldigi gézlemlendi. Duodenum
ve ileumda 3x104 M, jejenumda ise 10 asetilkolin
dozuna alinan cevabin bir 6nceki cevaba oranla
dustiigu goézlemlendiginden esansiyel yaglarla olan
denemelerde, maksimal kasilimi saglayan etkili
asetilkolin dozu olarak duodenum ve ileum icin 10-
4, jejenum icin 3x10-> M konsantrasyon segildi.

Duodenum, jejenum ve ileum kasilimlar
tizerine mersin, biberiye ve kekik esansiyel
yaglarimnin etkisinin aragtirilmasi

Mersin, biberiye ve kekik esansiyel yaglarinin
asetilkolin ile wuyarilmis dokularda olusturdugu
inhibisyon Cizelge 2’ de gosterilmistir. Buna gore
esansiyel yaglarin duedenum, jejenum ve ileum diiz
kaslarinda ACh tarafindan olusturulan maksimal
kasilimda %14-43  araliginda  inhibisyon
olusturdugu buna karsin kasilimlart tamamen
inhibe etmedigi goruldi.

Duodenum, jejunum ve ileum tizerine
esansiyel yaglarin EFS ile etkisinin
belirlenmesi

Mersin, biberiye ve kekik esansiyel yaglarinin EFS
ile uyarilmis dokularda olusturdugu inhibisyon
cizelge 3’ de gosterildi. Elektriksel alan uyarimu ile
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duedenum, jejenum ve ileum diiz kaslarinda
olusturulan maksimal kastimda %9-25 araliginda
inhibisyon gorildi. Buna karsin esansiyel yaglarin

EEFS ile olusturulan maksimal kasilimlart tamamen
inhibe etmedigi belitlendi.

1500—

1000—

500

Kasilimin siddeti (mg)

I T I I I I T
100 | 109 | 108 | 107 | 106 | 105 | 104 | 103

3x10-9  3x10-9 3x10-8 3x10-7 3x10-6 3x10-5 3x10-4

Sekil 1. Duodenum diiz kasinda asetilkolinin doz cevap egrisi
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1200—
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| | | | 1 | | | | 1 { | |

I ! I I T T T T
10-10 |10-9. ‘ 10-8 | 10-7 ‘ 10-6 ‘ 10-5 | 10-4 ‘ 10-3

3x10-9 3x10-9 3x10-8 3x10-7 3x10-6  3x10-5 3x10-4

Sekil 2. Jejenum diiz kasinda asetilkolinin doz cevap egrisi

Kasilimin siddeti (mg)

15001
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500
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Sekil 3. fleum diiz kasinda asetilkolinin doz cevap egrisi
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Cizelge 1. Duodenum, jejenum ve ileum duiz kaslart tizerine kiimiilatif olmayan
asetilkolin uygulamasiyla elde edilen ortalama kasilim (mg) degerleri (n=0)

Kasilim (mg)

Konsantrasyon (M) Duedenum Jejenum Tleum
Ach 101 M 94+23 .44 689£49,65 281£32,13
Ach 3x10-'° M 88+31,07 701£46,41 279£29,56
Ach 10° M 98+28,41 712£45,41 288%33,95
Ach 3x10° M 13243373 703£53,41 310£26,67
Ach 108 M 234%104,58 803£77,96 302%37,53
Ach 3x104 M 381£62,61 1198+112,44 412£73,27
Ach 107 M 432%82,05 1298+108,39 721£69,45
Ach 3x107 M 698+£70,45 13841135,67 800£98,28
Ach 106 M 765£57,61 1432%+130,31 912£85,85
Ach 3x10¢ M 857£28,77 1456%135,70 1012+161,04
Ach 10> M 987£178,93 1540+133,27 1456186,79
Ach 3x105 M 1141,83 14321+146,78 155418298
Ach 10+ M 1234%150,56 1130+112,68 1613183,03
Ach 3x104 M 11311+97,60 1076198,42 1413%+110,82
Ach 103 M 456%187,23 378+208,26 913+196,47

Cizelge 2. Esasniyel yaglarin Ach ile uyarilmis dokularda olusturdugu % inhibisyon

Dokular Mersin Mersin Biberiye Kekik
300 pg 1000 pg 1000 pg 1000 pg
Duodenum 14,80%0,38 36.41+0.34 35,47+1,98 18,88+1,23
Jejenum 19,63+1.38 42.47+2,03 30,87+1,11 17,67£1,05
Tleum 14,93+1.42 38,4412.28 32,4611,54 21,19%1,33

*Asetilkolin duodenum ve ileumda 104, ileumda 10-5 M uygulanmustir

Cizelge 3. Esansiyel yaglarin EFS ile uyarilmis dokularda olusturdugu % inhibisyon

Dokular Mersin Mersin Biberiye Kekik
300 pg 1000 ug 1000 ug 1000 ug
Duodenum 8.80%0,44 15.58+0,48 13,47£1,08 17,14£0,38
Jejenum 13,53+1.18 16,13+0,43 16,87%+1,01 22,09£1,05
{leum 9,93%0,78 17,89£1.02 24,64%1,05 14,09£0,36
* Her ti¢ doku iginde 20 volt 0,5 ms ve 32, 64 Hz elektrik uygulandi
TARTISMA sindiriminde ~ g6revli enzimler Uzerine etkili

Son yillarda kanatli beslemede esansiyel yaglar,
bircok fonksiyonun yani sindirim duzenleyicisi
olarak  kullanilmaya  baslanmistir.  Yapilan
calismalarda esansiyel yaglarin besin maddelerinin

olabilecegi ifade edilmistir (Bhat ve ark., 1984; Bhat
ve Chandrasekhara, 1987; Sambaiah ve Srinivasan,
1991). Giniimiizde esansiyel yaglarin mide bagirsak
sistemi kasiimlarini  dizenleyerek de sindirime
yardimct olabilecegi ifade edilmektedir. Nitekim
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kemirgenlerde Pycnocycla caespitosa (Sadraei ve
ark., 2016) Benium persicum (Ghader ve ark.,
2011), Pterodon polygalaeflorus (Leonhardt ve ark.,
2010), Chrysactinia Mexicana (Daniel ve ark,
20106), Teucrium polinm (Sadraei ve ark., 2001) ve
koyunda Mentha longifolia (Ghader ve ark., 2012)
bitkilerinden elde edilen esansiyel yaglarin ratlarda
mide bagirsak sisteminde kasitlimlari engelledigi
gOsterilmistir.  Yukarida bildirilen yaglar disinda
yaglarin iceriginde bulunan terpenlerin ve fenolik
bilesiklerin ~ de  kasthimlarin  Uzerine  etkileri
incelenmistir. Terpenlerden B-caryopyllene (Sadraei
ve ark., 2003), 1.8-sineol (Pinto ve ark., 2009) ve
Eucalyptolin (Ponce-Monter ve ark., 2008) diiz
kas kastlimlarini engelledigi gosterilmigtir. Benzer
sekilde 1,8-sineol’un trakeal diz kaslarda K ile
uyarilmis  kasilmalari azalttigy, casimiroa pringlei
ucucu yaginin temel bilesenlerinden olan saf ticari
piperiton, Okaliptol ve alfa-terpineoliin ise si¢an
uterusu tzerinde spazm ¢6zlct bir etkiye neden
oldugu gosterilmistir (Ribeiro ve ark., 2010).
Flavonoidler  fenolik  bilesiktir  ve  bagirsak
peristaltizmine etkileri vardir (Di Carlo ve ark.,
1993). Genistein ve kersetin gibi flavonoidler,
tavsan duodenumunun diz kasinda spontan
kasilmalarin  genligini azaltti§1, ancak sikligim
degistirmedi  beliflenmistir.  Genistein  etkisine
kalsiyum ve potasyum kanallar1 aracilik ederken,
quercetinin etkisinin cAMP ve protein kinaz A'dan
kaynaklandig1 gosterilmistir (Santos-Fagundes ve
ark., 2015).

Bu calismada, biberiye ve kekik esansiyel yaglarinin
dokularda 1000 pg/ml, mersin yaginin 300 ve 1000
pg/ml dozlarinda her tU¢ dokuda (duodenum,
jejenum  ve ileum) normal (fazik) kasilimlar
tamamiyle engellerken, diger dozlarin etkisiz oldugu
gorilmistir. Buna karsin kasdlimlar1 engelleyen
dozlarin mersin icin yitksek, kekik ve biberiye icin
ise ¢ok yliksek dozlarda oldugu gérildii.

Asetilkolinin, mide bagirsak sisteminde
parasempatik innervasyonun Onemli bir sinirsel
aracist olup muskarinik reseptérleri uyararak diiz
kas kasiimina neden oldugu bilinmektedir. Mide-
bagirsak  kanali  diz kaslarinda  muskarinik
reseptorlerin M1, M2, M3, M4 ve M5 olmak {izere
5 alt tipi bulunmaktadir (Giraldo ve atk., 1987;
1988; Iino ve ark. 2004). M2 (%70-80) ve M3
(%20-30) reseptorler ince bagirsaktaki diz kas
hiicre membraninda yaygin bir sekilde bulunurken,
M1, M5 ve M4 c¢ok daha az yogunlukta
bulunmaktadir (lino ve ark. 2004). M1, M3, M5
reseptorlerinin  aktivasyonu fosfoinozitit hidrolizi
ve kalsiyum salinimi aracihityla gérev yaparken, M2
ve M4 reseptorlerinin aktivasyonu sAMP birikimini
engelleyerek gérev yapmaktadir. M2 reseptorlerinin
sAMP seviyeleri tizerindeki inhibitor etkisi bu
reseptorlerin  dolayli roliinii ortaya koymaktadir

(Ehlert ve ark., 1999a, 1999b). Ayni zamanda
kobay ileumunda M2  reseptotlerinin,  zar
depolarizasyonu  icin  katyonik  kanallarin
acllmasinda  6nemli  bir role sahip oldugu
bildirilmektedir ~ (Zholos ve Bolton, 1997).
Valentino ve ark. (1979)’n1n izole kobay ileumunda
yaptiklart calismada etkili doz olarak 5x10¢ M
dozunu kullanmalari, Korczynski ve ark. (2006)’nin
ise rat jejunumunda yaptiklari calismada etkili doz
olarak 10> M dozunu kullanmalari farkli hayvan
tirlerinde  muskarinik  reseptér  dagilimi  ve
yogunlugunun farkli oldugunu akla getirmektedir.
Bu calismada, her ¢ dokuda da asetilkolinin
konsantrasyon artisina baglt olarak amplitutlerde
blyime meydana geldigi gézlemlendi. Duodenum
ve ileumda, 3x10-4 M, jejenumda ise 10 asetilkolin
dozuna alinan cevabin bir 6nceki cevaba oranla
dastigt gézlemlendiginden esansiyel yaglatla olan
denemelerde, maksimal kasilimi saglayan etkili
asetilkolin dozu olarak duodenum ve ileum icin 10-
4, jejenum icin 3x10-> M konsantrasyon secildi. Bu
baglamda ayni hayvan tiriinde farkhh dokularda
(duedenum, jejenum ve ileum) asetil kolinin doz
farkliigimin ~ reseptér  dagiimindaki  farkliliktan
kaynaklandig1 diistinilmektedir.

Elektriksel alan uyarimi ince bagirsaklarda bifazik
kasilimlart néranal olarak uyarmaktadir (Sadraei ve
ark., 2013). Ayt zamanda kasthimin olusmasinda
adrenerjik ve kolinerjik olmayan sinirlerden salinan
nérotransmiter ~ maddelerin  aracibk  ettigi
bildirilmektedir (Ekblad ve Sundler 1993). Bu
calismada bildirimlere uygun olarak ti¢ dokudada
maksimal kasilimlar 20 volt 0,5 ms ve 32, 64 Hz
EFS uygulamasi ile elde edilmistir.

Bu calisgmada her t¢ esansiyel yagda 300 pg/ml
veya tzeri diizeylerde spontan kasihimlart tamamen
inhibe ederken asetilkolin veya EFS ile uyarilmis
dokularda kasihimlart tamamen engellemedigi buna
karsilik kasthmin siddetini azalttig gérilmistir. Bu
baglamda asetailkolinin muskaranik reseptdrler
Uzerinden EFSnin ise ise NANC sinitlerden
salinan  norotransmitterler  Uzerinden  etkinlik
gosterdigi diistintildigi zaman; mersin, biberiye ve
kekik esansiyel yaglarinin baska bir mekanizma ile
ince  bagirsak  kasithmlarini  inhibe  ettigi
goriilmektedir.

SONUC

Mersin, biberiye ve kekik esansiyel yaglarinin ince
bagirsak kasilimlart tzerine 100 pg/ml’dan distk
duizeylerde etkinlik gostermezken; Mersin icin 300
ug/ml, biberiye ve kekik ic¢in 1000 pg/ml
dizeyinde  spontan  kasidimlarin  tamamen
engellendigi belirlenmistir. Bu etkinin muskaranik
reseptorler  veya  NANC  ndratransmiterler
tzerinden olusmadigt anlasimis, olasilikla da
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etkisini kalsiyum kanallar1 tUzerinden gostermis
olabilecegi 6ngorilmustiir. Mersin, biberiye ve
kekik esansiyel yaglarin iz vitro kasthmlar Gzerine
etkinlik gosteren duzeyleri ile kanatli beslemede
kullanilan dtzeyleri degerlendirildiginde bu yaglarin
yem katki maddesi olarak rasyona ilave edilen
miktarlarinin - ince bagirsak motilitesi  {izerine
etkisinin olamayacagi dustintlmektedir.
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ABSTRACT

In recent years, the usage of exogenous testosterone has tripled in humans. Although, mechanism has not yet been fully
elucidated, there is a correlation between the increased risk of heart failure and testosterone usage. The aim of this study
was to demonstrate cardiac fibrosis, which a main finding of hearth failure, in testosterone propionate-applied male rats
and to show its regression by Lonidamine as an anti-hyperplastic agent. A total of 72 adult Wistar albino and neutralized
male rats were divided into 4 groups (n=18 in each groups). Animals in all groups were received to testosterone propionate
until 2nd, 4th, and 12th weeks (n=06 in each groups). Subsequently, group I and II also received the pure solution of
Lonidamine hydrochloride and its lipid-polymer hybrid nanoparticulate formulation via intraprostatic injection. Group III,
blank lipid-polymer hybrid nanoparticle formulation were solely administrated via same way. The control group or group
IV were received only testosterone. At the end of the experiment period, hearts were collected and fibrocytic changes were
confirmed by histochemical and immunohistochemical methods. Histopathologically, fibrosis were lower in group I and 11
when comprared to that of group III and IV. Imunohistochemically, bFGF, cyclin D1 and p16 protein expressions were
evaluated. bFGF and cyclinD1 epxressions correspondingly to increasing fibrosis were found higher in last two groups
during the experiment. But, p16 expressions were lower in Lonidamine treated-group I and II. In conclusion, results of
this study supported that testosterone propionate may promote cardiac fibrosis. Lonidamine hydrochloride may be used in
its prevention of fibrosis.

Keywords: Cardiac fibrosis, Lonidamine hydrochloride, Testosterone, Rat.

Yetigkin ve Kastre Edilmis Erkek Ratlarda Yiiksek Doz Testosteron Propiyonatin Indiikledigi
Kardiyak Fibrozis Uzerine Lonidamin Yiiklii Lipit-Polimer Hibrit Nanopartikiillerin Etkisi
oz

Son yillarda, insanlarda ekzojen testosteron kullanimi t¢ katina ¢tkmustir. Mekanizma heniiz tam olarak aydinlatilmamug
olmasina ragmen kalp yetmezligi riskini arttrdigina dair bir korelasyon vardir. Bu calismanin amaci, erkek siganlarda
testosteron propiyonat kullaniminin kalp yetmezliginin temel bulgusu olan fibrozise yol a¢tigint ve bir anti-hiperplastik ajan
olan Lonidaminin bunu geriletici etkisini géstermekti. Calismada, toplam 72 adet kastre edilmis, yetiskin Wistar albino
erkek sican kullanildt ve hayvanlar 4 ana gruba ayrild: (her bir grupta icin n= 18). Bu ana gruplar 3 alt gruba ayrilarak (n=6
her bir grup icin) hayvanlara, 2., 4. ve 12. haftalara kadar testosteron propiyonat uygulandt. Group I ve II icin, Lonidamin
hidrokloriir, saf ¢6zelti icinde ve bunun lipit-polimer hibrit nanopartikil formilasyonu halinde prostatlara enjekte edildi.
Grup III igin sadece lipit-polimer hibrit nanopartikiil formilasyonu uygulandi. Kontrol grubu olarak grup IV’de sadece
testesteron uygulandi. Calismanin sonunda kalpler toplandi. Histopatolojik olarak fibrosis grup I ve I’'de grup III ve
IV’dekiyle karsilastirildiginda daha diisitktii. Immiinohistokimyasal olarak bFGF, siklin D1 ve p16 protein ekspresyonlari
degerlendirildi. Son iki grupta, artan fibrozise karsilik gelen bFGFE ve siklinD1 ifadeleri, deney sirasinda daha yiksek
bulundu. Ancak, p16 ifadeleri Lonidamin uygulanan grup I ve grup II'de daha distkti. Sonug olarak, bu sonuglar
testosteron propiyonatin kardiyak fibrozisi etkileyebilecegini desteklemektedir ve fibrozisin 6nlenmesinde Lonidamin
hidrokloriir kullanilabilir.

Anahtar Kelimeler: Kardiyak fibrozis, Lonidamin hidrokloriir, Testosteron, Sigan.
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INTRODUCTION

Heart failure is predominant problem overall the
wortld. The incidence between men and women can
be changed dependently to sex differences
(Weidner 2000; Cleland et al. 2001). The usage of
exogenous testosterone or other anabolic steroids
on human cardiac health is still controversial.
Particularly, the risk in men cardiac failure can be
increased when used supplementally. This risk is
higher in men when compared in that of women at
every age (Thurm and Borlak 2002; Grunewald and
Matsumoto 2003).

Myocardial tissues of left ventricles may be more
affected and therefore systolic and diastolic
functions may be easily detoriated as result of
continuously usage of testesterone supplying in
men (D’Andrea et al. 2007; Hassan et al. 2009).
Testosterone may cause hyperthrophy in cardiac
myocyte because they have functional androgen
receptors. These receptors have been indicated in
humans, dogs, and rats (Marsh et al. 1998). In this
context, the rat is a good and usefull model for
understanding human cardiac health (Doggrel and
Brown, 1998).

Endogenouse testosterone also effects cardiac
failures and is likely to modulate the fibrosis and
collagen deposits also it is reported that castration
decreased the cardiac fibrosis when compared to
intact males (Hori et al. 2008; Yang et al. 2017).
Related with the cardiac fibrosis progression of
hypertension, coronary heart disease, heart failure,
and other cardiovascular diseases, and it may
initiate myocardial remodeling (Hori et al. 2008;
Porter and Turner, 2009).

It is believed that several biomolecules, including
growth factors and cytokines, activate proliferation
of cardiac fibroblasts (CFs) and modulate the
expression of extra cellular matrix (ECM)
(Frangogiannis, 2012). Cyclin D1, which is a
protein of cycline dependent kinases, plays an
important role in the development of proliferative
disease and oncogenesis as a cell cycle regulator (Fu
et al. 2004). It is reported that overexpressed cyclin
D1 by rodent fibroblasts enhanced cooperation in
response of basic fibroblast growth factor (bFGF)
and thereby stimulation in fibroblastic cell cycle
progression and anchorage-independent growth of
cells (Tashiro et al. 2003). P16, which is also known
as cyclin-dependent kinase inhibitor 2A, plays an
reversal role in cell cycle regulation because it
prevents proliferation and provide cellular
senescence (Serrano et al. 1993; Rayess et al. 2012).
It is reported that pl6 takes a role in fibroblast
senescence. For pl6, such antifibrotic activity is
thought because of fibroblast senescence is duty on

prevention of myocardial fibrosis by antifibrotic
activity (Zhu et al. 2013; Meyer et al. 2016; Xie et
al. 2017). For prevention and treatment of cardiac
fibrosis, no effective remedy could not still be
found. Main interest has focused on suppress the
symptoms. However, it should take a more
necessary and factual steps on treatment of
fibrosis-attenuating mechanism. It is reported that
current pleiotropic drugs could fortunately solve
the problem of developing cardiac fibrosis out. In
this process, it has stated that biochemical
microenvironment focused therapies taking under
control the development of fibrosis should be paid
attention and such therapies should be developed
(Bronnum and Kalluri 2012).

Lonidamine (LND) which is known since over 30
years has been known to have anti-neoplastic and
antiproliferative effects (Caputo and Silvestrini
1992). LND make an effects on neoplastic cells
inhibiting lactate export by the proton-linked
monocarboxylate  transporter(s) (MCT) and
pyruvate uptake into mitochondria. Furthermore,
LND also inhibit indirectly hexokinase activity
there (Floridi et al. 1981a; Floridi et al. 1981b). As
result of this enzymatic blokade, cytosolic and
extracelluler pH decrease in neoplastic cells by
increasing lactate (Nath et al. 2015a; Nath et al.
2015b). But, according to reports, this effect of
LND is selective on normal tissues if provided
dose are under approximately 400 mg/m?2 (oral or
iv. doses) (Price et al 1995; Price et al. 1996). And,
it does not affect cell progression (Caputo and
Silvestrini 1992). In the current study, it was aimed
that the relationship between some molecular
factors providing and attenuating cardiac fibrosis
and overdose testesterone in adult rat modelling
has been emphasized and the usefull effect of
Lonidamine as a lipid-polymer hybrid nanoparticle
formulation has been proven for prevention of
cardiac fibrosis inducing high testesterone.

METHODS

Preparing of Lonidamine nanoparticles

To investigate the effect of Lonidamine on
myocardial cells and fibrosis, pure Lonidamine and
Lonidamine-loaded  lipid-polymer  of  hybrid
nanoparticles were applied to separate groups.
Lonidamine encapsulated lipid-polymer hybrid
nanoparticles were prepared through one-step self-
assembly approach technique. Thirteen hybrid
nanoparticle formulations were produced based on
a Design of Experiment (DoE) approach and the
optimized one was selected (Sengel-Turk and
Hascicek 2017). Composition of the optimum
nanoparticle formulation are tabulated in Table-1.
Blank nanoparticles were prepared in the same way
except Lonidamine.
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Table 1. Content of the Lonidamine-loaded optimum lipid-polymer hybrid nanopatticles.

Fomulation content Amount
Organic Phase

Poly-D,L-lactide-co-glycolide (PLGA) 4000 pg
Lonidamine 600 pg
Acetonitrile 1600 pl
Aqueous Lipid Phase

1,2-distearoyl-sn-glycero-3-phosphoetanolamine-N- 800 pg
carboxy(poly(ethyleneglycol) (DSPE-PEG-COOH) 2000

Lecithin 50 pg
Ethanol solution 850 ul
Water (enough amount) 16000 pl

Animal exposure

Approval for the study was granted by the Local
Ethics Committee of Animal Experiments, Ankara
University (date of 15.11.2017 decision no. 2017-
23-185). Male Wistar rats were mated in the Animal
Research Laboratory, Faculty of Medicine, Ankara
University. The animals were maintained at a
temperature of 22°C-24 °C and 55% humidity with
a 12-hr light/12-hr dark cycle. Detailed desctiptions
of the experimental procedures are given below.
All procedures were performed according to the
guidelines stated in the National Institute of Health
Guide for the Care and Use of Laboratory
Animals.

The neutralizing procedure was performed by
incising the scrotal sac under general anesthesia by
species dosage of xylazine and ketamine
hydrochloride combination. Seven days after this
manupulations, animals were divided into 4 groups
(n=18). Testosterone propionate applications, at
the 150 mg/kg dose, were applied at twice to all
animals via intraperitoneal route at the 2nd
and12th weeks of the experiment. Animals were
sacrified (n=06 for the dates of 2nd, 6th and 12th
weeks) using high dose of xylazine-ketamine
combination of at the end of experiment and the
hearts of  rats were collected for
pathomorphological and immunohistochemical
examinations.

Group I (pure Lonidamine+testosterone): After
testosterone propionate administration according
to procedure, 2 mg/kg/day dose of Lonidamine
hydrochloride was dissolved into PBS was applied
to prostate of rats in this group (n=18). For this
aim, in this group, the lower abdomen was opened
1.5 cm under the anesthesia of the animals and 200
ul sterile samples were injected with the insulin
injector into ventral prostate loops and the animals
were awakened by suturing the abdominal
membranes, muscles and skin of the animals after
injection. Group 1I (Lonidamine-loaded
nanoparticles+testosterone):  After testosterone
propionate administration using same method,
lipid-polymer hybrid nanoparticles containing 2

mg/kg/day dose of Lonidamine hydrochloride was
applied to the prostate of rats (n=18).

Group III (blank nanoparticles+testosterone):
After testosterone propionate administration using
same method, lipid-polymer hybrid nanoparticles at
same dose was applied to the prostate of rats
(n=18).

Group IV (testesterone): Only testosterone
propionate using same method was applied to
prostate of rats in this group (n=18).

Macroscopic and Histopathological
examination

Heart samples were collected from all animals.
Sizes (cm) of left-right atriums and ventricles at
outside measurements were measured using digital
compass and mean I standard deviation was
calculated for each determined dates of experiment
in all groups. Then, the tissues were fixed in 10%
buffered formalin. After fixation, the tissues were
processed through degraded alcohol and xylene
series and embedded in paraffin wax. Sections of
4um thickness were cut from the paraftin blocks.
The sections were stained with haematoxylin-eosin
(H&E) and Masson’s Trichrome stainings (by
being followed to instructions of manual Bioptica,
Italy) and evaluated under a light microscope
(Olympus  BX51  digital microscope) and
illuminated using camera attachment (Olympus
DP25 camera). A total of 10 High Power Fields in
400x magnification (10 HPFs) was counted for
scoring of  histopathological findings. For
calculation of mean * standard deviation, the mean
scores were entered in each column established for
all groups on the Excel spreadsheet and their
standard deviations were calculated (Microsoft
Excel Program).

Immunohistochemical method

In the study, in harmony with its procedure, the
sttep Avidin-Biotin Complex Peroxidase (strep
ABC-P) kit (Peroxidase Detection System,
RE7110-K, Leica, Novocastra) was used. The
sections taken from the paraffin blocks were used.
Deparaffinized and rehydrated sections were
digested with trypsin for 10 min under 37° C.
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Then, for revealing of antigenic determinats,
sections placed in citrate buffer (pH 6.0) were kept
in a microwave oven at 600 W for 15 minutes. To
eliminate endogenous peroxidase activity, the
tissues were kept in 3% hydrogen-peroxide
(H202)-methanol solution for 15 minutes. Non-
specific protein activity was prevented with the use
of blocking serum (Novocastra, Leica). Incubation
with primary antibodies (Cyclin D1, ABIN782600,
in 1:400 dilution), (bFGF, ABIN726425, in 1:500
dilution), (p16, Santa Cruz, sc-1661, in 1:200
dilution) was left overnight at +4°C. The rest of
the procedure was executed in accordance with the
streptavidin  biotin complex peroxidase (Strept
ABC-P) staining method (Novocastra, Leica). In
this process, the tissue slices were rinsed twice for
5 minutes, using PBS at the end of each phase,
except in the the protein blocking phase. For the
control sections, PBS was used instead of primary
antibody as the negative control.
Diaminobenzidine (DAB) was used as chromogen,
while Gill’s hematoxylin was used as ground
staining. The slices were covered using Entellan®
which is a non-aqueous mounting medium.

RESULTS

Macroscopical findings

In terms of lenghts and widths of atrium and
ventricles for left and right sites, measurements in
Group I were lower than in that of Group IL
However, when compared to Groups 1 and II
which were administrated by different Lonidamine
forms, there were much higher measurements in
Groups III and IV. As compared between Group
III and Group 1V, identical measurements were
obtained. The atrial dimensions were slightly
increased at 4th and 12th weeks when compared to
initial week of the experiment. There was no
significant increase in atrial measurements of
Group I and II when compated to that of other
groups. In terms of ventricle dimension for left and
right sites, the situation amongst groups was like to
be in atrial measurements. The mean digits were
lower in first two groups when compared to other
groups. The situation was found differently during
experimental procedure. The mean digits followed
stable without any significant change for all groups.
All results are illustrated in Table-2.

Histopathological and histochemical findings

Cytoplasms and nuclei of cardiomyocytes were
found more hypertrophic in some areas of left
ventricles of Group III and IV. However, in
Groups I and II, cardiomyocytes were often
normal in appearence. Additionally, a number of
fibrocytes and fibroblast were accorded to the
interstitium of cardiomyocytes in Groups III and
IV. Especially, significant increasement were
detected in Group III when compared to Group

IV during the experiment. The mean digits for 2nd
and 12th weeks of the experiment were found
identical in Group IV. The cells in affected areas
were easily differentiated in special staining.
However, the number of these connective tissue
cells were much lower in Groups I and II, which
were administrated with pure Lonidamine and
nanoparticulate form of Lonidamine, during the
experiment process (Figures-1 and 2).

Basic Fibroblast Growth Factor (bFGF)
expressions

The expressions in all experimental groups showed
great parallelism to each other. The positive
reactions were observed in cytoplasm of the
fibrocyte and fibroblast as brownish color. These
expressions during ongoing time were become
more increased in all groups. However, the
increasement was slighter in Groups I and II when
compared to Groups III and IV at each
cuthanasied day (Figure-3).

Cyclin D1 expressions

The positive reactions were seen in cytoplasm and
lesser degree of nuclei as brownish color. The
expressions were in low level in Groups I and II.
Particularly, those expressions were slightly-higher
in 12th week of the experiment when compared to
be in 2nd and 4th week. The level of expressions
was much higher in Groups III and IV at each
euthanasied day. But, cyclin D1 expressions were
slightly higher in 12 th week of the experiment.
The expression levels between 4th and 12th weeks
of experiment were similar to be in
histopathological results and bFGF expressions

(Figure-4).

P16 expressions

The positive reactions were seen in cytoplasm and
nuclei, previously. In general, the expressions were
more decreased when compared to previous
expressions. The level of expressions was again in
low during experiment in 2nd week of Groups I
and II. In the ongoing period of the experiment,
the level of expression kept in stable. However, in
Groups III and IV, the expressions were higher in
2nd week when compared to other euthanasied day
of experiment. The level of expresssion were
getting more decreased until 12th week in Groups
III and IV. In particular, prominent decreasing
were observed in 12 th week of Group IV. When a
comparison of 12th week of experiment between
Groups 1II and IV, the expression was lower in
Group IV than in that of Group III (Figure-5). All
histopathological scores and
immunohistochemicals expressions obtained in the
study are illustrated in Graph-1.
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Table-2: Measurements of atrium and ventricle according to groups

Duration of

expetiments / 2nd week 4th week 12th week
Groups
GI GII GIIT GIV GI GII GIIT GIV GI GII GIIT GIV

Lenght

Right atrium 2.4010.83 3.2510.38 4.2510.90 4.1610.37 2.9110.60 3.00+0.57 4.21+0.73 3.7510.62 3.00+0.28 3.501+0.28 4.00+0.50 3.501+0.28

Left atrium 3.0810.93 3.501+0.28 4.4110.73 4.7510.55 3.58+1.01 3.58+0.73 4.361+0.37 4.83+0.23 3.75+1.34 4.08+0.53 4.08+0.18 4.5010.40
Right ventricle =~ 15.80+2.48 14.91£0.83 13.661+3.14 13.5£2.06 12.5£2.06 11.9340.60 13.41£1.78 14.16%0.74 11.83+3.84 12.66%£1.49 13.66+1.34 14.25%0.80
Left ventricle 10.58%1.96 11.75£0.90 12.33+1.79 13.16%2.06 11.5%£2.75 10.41£0.93 13.33+1.49 13.75%£1.57 11.5£1.97 10.66+1.14 13.08+£1.09 13.66%0.84
Width

Right atrium 1.16£0.2 1.66£0.37 1.80£0.47 1.58%0.18 1.00£0.50 1.75£0.38 1.8310.23 2.3310.23 2.33+1.46 1.40%1.8 2.6610.37 2.3310.23

Left atrium 1.91£0.83 1.58+0.44 1.50£0.50 1.75£0.25 1.33£0.37 1.82%0.44 2.9110.34 4.1510.40 2.00+1.00 1.41£0.34 3.9110.18 4.7510.47
Right ventricle 1.40£0.20 1.91£0.34 2.1610.47 2.581+0.34 1.50£0.40 1.75%£0.25 2.16+0.47 2.5810.34 1.2510.25 1.5810.34 2.5010.28 3.00+0.28

Left ventricle 2.91£1.01 2.8310.23 4.50£0.76 4.3310.37 2.66£0.47 3.58%0.73 3.75%0.25 4.661+0.37 3.00£0.00 3.08%0.18 3.75%0.25 4.50£0.40

The scoring was given as meantstandard deviation (SD) by calculation of total animals in each group. Experimental groups were coded from GI to GIV. (GI: Group I; GII: Group II; GIII: Group I1I;
GIV: Group 1V). The results were given on the basis of centimeter (cm).
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Figure 1. Progress of cardiac fibrosis in all groups during 2nd to 12
th week. Fibrocytes were marked with arrows. Group 1 (a-c), Group
11 (d-f), Group I1I (g-i), and Group IV (j-I), x400, HXE staining.

Figure 2. Progression of cardiac fibrosis in all groups during 2nd to
12 th week by Masson’s trichrome stain. Group I (a-c), Group II (d-
f), Group I (g-i), Group 1V (j-I), x400, Masson’s Trichrome stain.

407



Figure 3. bFGF expressions in cardiac tissue in all groups during 2nd
12th week. Group I (a-c), Group II (d-f), Group III (g-i), Group IV (j-
1), x400, Strept ABC-P immunostaining with Gill’s hematoxylin and
DAB Chromogen.

Figure-4. Cyclin D1 expressions in cardiac tissue in all groups during
2nd 12th week. Group I (a-c), Group II (d-f), Group III (g-i), Group
IV (-1, x400, Strept ABC-P immunostaining with Gill’s hematoxylin
and DAB Chromogen.
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Figure-5. P16 expressions in cardiac tissue in all groups during 2nd
12th week. Group I (a-c), Group II (d-f), Group III (g-i), Group IV
(-1, x400, Strept ABC-P immunostaining with Gill’s hematoxylin and

DAB Chromogen.

Fibrocytes and fibroblasts according to groups
w

bFGF expressions according to groups

& 20- P 20
£ B3 2nd weeK ; B3 2nd week
2 B 4thweek| o B3 4th week
&2 Em 12thweell 3 Bl 12th week
8 3
o
2 2
o o
2 -8
B 2
£ . > = :-: E
e N 2 \\\ Q B S D
N
‘o"Q N N R <o°Q ;N N K
() & I <’\° (&) o o &
A Experimental Groups B, Experimental Groups
|Ea) L= )
Cyclin D1 expressions according to groups p16 expressions according to groups
P 20+ L 30+
& BB 2ndweek | & &8 2nd week
e i E=3 4th week e EE3 4th week
riad B 12thweek [ G 5] B 12th week
8 8
2107 g
a2 i § 104
g g
E o E Al HE
> > > Q
> R R R
o o & S
o & &° &
> Experimental Grou Experimental Groups
c i = = >

Graph 1. Graphical comparison of histological and immunohistological data between groups.
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DISCUSSION

In this study, development of cardiac fibrosis
induced by high-dose testesterone and the reversal
effect of Lonidamine in nanoparticle and pure
form has been investigated in adult and neutered
rats.

Testosterone which is known as anabolic steroid
and its supplementation has a negative effect onto
cardiovascular functions after chronic misuse
(Toma et al. 2012, Culic 2015). In general, systolic
and diastolic dysfunction are associated with its
usage in the presence of myocardial hypertrophy
(Hassan et al. 2009, Angel et al. 2012, Pirompol et
al. 2016). Pirompol et al. (2016) has studied the
development of cardiac hypertrophy in the early
and late phases of testosterone administration in
spite of experienced in 4th, 8th and 12th weeks of
experiment. However, they observed most
prominent findings in relation to the hypertrophic
development in cardiac muscles after long-term
treatment by testosterone. In our study, we also
observed the cardiac hypertrophy both in early and
late phase (12th week). However, the findings were
increased toward 12th week of experiment.
Macroscopical findings supported these results.
Both atrial and ventricle dimensions were increased
in Groups I1I and IV when compared to

Lonidamine treated groups or Groups I and 1I. In
this point, we have found a strong correlation
between cardiac hypertrophy and testosterone
administration. Particularly, we observed most
outstanding hypertrophic changes in solely
testesterone group or Group IV and free
nanoparticle form of Lonidamine group or Group
III. In spite of that we found more decreased in
cardiac hypertrophy in group administrated by pure
form of Lonidamine group or Group I and
Lonidamine-loaded hybrid nanoparticles or Group
II. As different above, we encountered also
different histopathological findings in association
with cardiac fibrosis in the interstitial areas by using
special stain. Cardiac fibrosis was more common
and outstanding when compared to hypertrophy in
cardiac muscles. These lesions and others such as
disorganized muscle fibers, misshapen nuclei and
increasing apoptosis have also been described in
previous studies (Belhani et al. 2009, Papamitsou et
al. 2011, Angell et al. 2012, Angell et al. 2014).

Although there are several postulates resulting in
cardiac failures, molecular mechanism is not fully
understood. In an investigation, which studied in
heart of adult transgenic mice, cyclin D2
overexpression has been resulted in significant
cardiomyocyte proliferation (Pasumarthi et al
2005). Because cyclin D1 as cell cycle regulator is
an important factor in the development of

proliferative disorders, there have been found
some studies in relation to the role of cyclins in
development of fibrosis at different organs except
for cardiomyocytes (Fu et al. 2004, Kato et al.
2005, Watts et al. 2000). In our study, we described
an increased cyclin D1 expression in especially
testosterone induced group and Lonidamine
nanoparticle free group during the experiment. In
other groups, which treated with Lonidamine, we
observed significantly lower expressions when
compared to other groups during the 2nd, 4th and
12th weeks of experiment. We attributed this
situation to both development of cardiac fibrosis
and cardiac hypertrophy in heart muscle under
testosterone activity.

In contrast to this information, cell cycle inhibitors
have a potential effect on recession of cardiac
lesions. In another investigation which studied in
neonatal and adult hearts, it is reported that there
are low levels of cell cycle inhibitors such as
cyclindependent kinase inhibitors (CDKIs) due to
an increased cardiomyocyte number (Di Stefano et
al. 2011). In our study, we also encountered with a
serious down-regulation of p16 for Groups III and
IV, which is another cyclin dependent kinase
inhibitor. In these groups, the expressions were
higher in 2nd week. However, the expressions were
decreased in ongoing times. On the other side, in
Group I and II, the expressions were very low
during 2nd, 4th and 12th weeks of experiment
when compared to Group 1II and IV. According to
recent literatures (Zhu et al. 2013, Meyer et al.
2016, Xie et al. 2017), it is stated that p16 might
have antifibrotic role on progression of fibroblast
senescence. For this situation in terms of literature
searches, we postulate that there is a possible
association between pl6 as an inhibitor of cycline
dependent kinase and cardiac fibrosis. In this point,
Lonidamine known as anti-hyperplastic agent
might have been related likely to inhibit the
function of pl6 because it is encountered to a
possible relation between low pl6 expression and
fibrosis or fibrocyte proliferation.

On the other side, Lonidamine (LND) has
antiproliferative activity for long time (Caputo and
Silvestrini  1992).  Particularly, this effect is
produced by inhibiting hexokinase activity and
consequently disturbing mitochondrial process
(Floridi et al. 1981a; Floridi et al. 1981b). In
previous reports regarding dose dependent
effectivity of LDN, it is mentioned that it has
selective on normal tissues in presence of optimal
dose and it has no disadventageous on normal cell
progression (Caputo and Silvestrini 1992; Price et
al 1995; Price et al. 1996). However, there have
been documented that LND might also affect
negatively normal cells in contrast to previous
knowledges. Especially, cell death, fibrosis and also
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decreasement in vascularization might develop
after blokade of hexokinase activity in cardiac
tissue during experimental studies (Wu et al. 2011;
Pasdois et al. 2012; Nedetlof et al. 2016). Hence,
several hekzokinase blockers like LND might not
make an positive effect on intact cells at every time.
In this study, we did not observe any negative
effects on healthy cardiomyocytes in contrast to
recent knowledges. We detected only anti-
fibrocytic activity on cardiac tissues. But, to the
best of author knowledges, this situation might be
resourced from dose-dependent response. Some
intact cardiomyocytes as well as hyperplastic cells
would be negatively affected from overdose LND
if proper dose for body weight was not selected.
However, this knowledge obtained from our study
should be supported by new in-vivo studies
considering dose-dependent response.

In conclusion, we believe that testosterone
administration can create cardiac hypertrophy and
fibrosis for long duration as much as to effect
macroscopical measurements of atrium and
ventricles. In development of this process, cyclin
dependent kinase and its inhibitors may have a
potential role according to results of the
experiment. Lonidamine may be usefull preventive
medicine for cardiogenic failures originated from
excess hormon wusage. But, to show exact
effectiveness of Lonidamine, it needs to be
supported by new investigations in this way and to
be experimented by different dosage in rat
modelling. We believe that only when the results to
be obtained from new phase investigations, a
proper dosage can give to the patients with cardiac
problems.
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Dogada yaygin olarak bulunan Salmonella etkenleri, insan ve hayvanlarda perakut septisemi, akut ve kronik
enteritis ile karakterize infeksiyonlara yol a¢gmakta olup hayvanlar arasinda bulasma egiliminin hizli olmast
nedeniyle ekonomik 6nem tasimaktadir. Bu calismada, Afyonkarahisar'da satisa sunulan tavuk eti ve
sakatatlarinun  Salmonella spp. kontaminasyonu bakimindan tasidigi halk saghgr risklerini degerlendirmek
amaclanmistir. Bu amacla, Afyonkarahisar ilinde satisa sunulan but (20), gégts (20), kanat (20), taslhik (20) ve
karaciger (20) olmak tzere toplam 100 adet tavuk eti ve sakatat érnedi toplanmis ve ISO 6579 referans metodu
ile analiz edilmistir. Bu 6rneklerden but (1), karaciger (1) ve kanat (1) olmak tizere toplam 3 (%3) adet Salmonella
spp. izole edilmistir ve elde edilen izolatlar PCR ile dogrulanmistir. Sonu¢ olarak, Afyonkarahisar’da tiketime
sunulan tavuk eti ve sakatatlarinda Salmonella spp. kontaminasyon diizeyi diigitk bulunmasina karsin, tavuk etleri
Salmonella spp. varlig acisindan 6nemli bir kaynaktir. Bu nedenle, koruyucu 6nlemlerin alinmast ve tiiketicinin

gida givenligi acisindan bilgilendirilmesi 6nerilmektedir.
Anahtar kelimeler: Sa/nonella spp., tavuk eti, sakatat, hijyen

Presence of Salmonella spp. in Chicken Meat and Giblets Marketed in Afyonkarahisar Province

ABSTRACT

Salmonella spp., commonly found in nature and cause infections characterized by peracute septicemia, acute and
chronic enteritis in humans and animals, can cause economic concerns due to the rapid transmission tendency
among animals. This study aimed to evaluate the public health risks of the chicken meat and giblets marketed in
Afyonkarahisar regarding the presence of Salmonella spp. For this purpose, totally, 100 chicken meat and giblet
samples including drumstick (20), breast meat (20), wing (20), gizzard (20), and liver (20) samples were collected
from Afyonkarahisar province and analyzed according to the ISO 6579 reference method. A total of 3 (3%)
Salmonella spp. were isolated from drumstick (1), liver (1), wing (1) samples and the isolates were confirmed by
PCR. In conclusion, although the Salnonella spp. contamination level of chicken meat and giblets marketed in
Afyonkarahisar province found to be low, chicken meat is an important source for Salmonella species.
Therefore, it is recommended to take preventive measures and inform the consumer regarding food safety.
Keywords: Salmonella spp., chicken meat, giblets, hygiene
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GIRIS

Kanatli eti, esansiyel aminoasitler, doymamis yag
asitleri, B grubu vitaminler bakimindan zengin, bag
doku orani az, sindirimi kolay ve distk kalorili
hayvansal bir gidadir (Calictoglu 2010; Tonbak ve
ark. 2017). Kanath eti (6zellikle pili¢ eti) Uretimi ve
titketimi, saglikli bir i¢erige sahip olmast, kirmizi ete
oranla ekonomik olmasi, hazirlama kolayligr gibi
nedenlerle Turkiye’de ve dinya genelinde bir artis
gostermektedir  (Keskin - ve Demirbas  2012;
Dokuzlu ve ark. 2013). Bununla birlikte, kanath eti
mikroorganizmalarin Uremeleri icin de yiiksek besin
degerinden dolayt olduk¢a uygun bir ortamdir
(Tonbak ve ark. 2017). Guniimiizde artan kanath
eti dretimi ve tiketimi belitli halk saglg
problemleriyle iliskilendirilmektedir. Bunlardan en
yaygin olanlarindan biri bakteriyel ve zoonoz bir
etken olan Salmonella spp.’dir (Oral ve Tirkyilmaz
2008; Siriken ve ark. 2015). Tiketime sunulan
tavuk karkaslarinin ve parc¢a etlerin elde edilmesi
sirasinda  uygulanan i¢ organlarin  ¢ikarilmast,
sogutma, paketleme, transport gibi asamalar bu
bakterilerin kontaminasyonu agisindan potansiyel
bir risk olusturmaktadir. Gelisen ve gelismekte olan
tlkelerde gida kaynakli enfeksiyonlarin en 6nemli
nedenlerinden biri olan Saknonella etkenleri ylksek
morbiditeye  sahip ve  bircok gida ile
iliskilendirilmekte olup, bu bakterinin neden oldugu
Salmonelloz 6nemli bir halk sagligi problemidir (de
Freitas ve ark. 2010; Abd-Elghany ve ark. 2015).
Insan salmonelloz salginlari, siklikla ¢ig ve az
pisirilmis  kanatl eti, UrlGnleri ve yumurta
tiketimiyle iliskilendirilmektedir (Iseri ve Erol
2010). Halk sagligi icin olusturacagl potansiyel
tehlikelerden dolayr kanatl etlerinin ve Urlinlerinin
Salmonella varhgl yoninden kontroli 6nem arz
etmektedir. Turkiye’de (Diimen ve ark. 2015; Al ve
ark. 2016; Goncuoglu ve ark. 2016) ve diger
tlkelerde (Jerngklinchan ve ark. 1994; Van Nierop
ve ark. 2005; Abd-Elghany ve ark. 2015) tavuk eti
ve sakatatlarinda Salmonella spp. varlhigini arastiran
calismalarda bu etkenin Onemli bir bakteriyel
kontaminasyon kaynagt oldugu gérilmektedir.

Bu calismada, Afyonkarahisar ilinde tiiketime
sunulan tavuk etleri ve sakatatlarinin 6nemli gida
kaynakli bir zoonoz olan Salmonella spp. varhig
yonunden klasik kiltir metodu ve PCR metodu
kullanilarak incelenmesi amaglanmistir.

MATERYAL ve METOT

Bu calismada Afyonkarahisar ilinde satisa sunulan
kanatlt eti Grlnlerinde Salmonella titlerinin varligin
belirlemek amaciyla Haziran-Aralik 2017 tarihleri
arasinda toplanan bes farkli kanatll eti Grlnlne
(tashk, karaciger, but, gO6gls eti, kanat) ait

Orneklerden 20'ser adet olmak lzere toplam 100
ornek analiz edilmistir.

Her bir kanatll eti ve sakatat 6rneginden 25 g
tartilarak tizerine 225 ml tamponlanmis peptonlu su
ilave edildi. Numuneler stomacherde homojenize
edilerek 37+1°C'de 18%2 saat inkiibasyona
birakildi. Inkiibasyondan sonra, én zenginlestirme
stvisindan  sirastyla 0,1 ml ve 1 ml alinarak
Rapoport Vasilliadis Soya Pepton Broth'a ve
Muller-Kauffmann Tetrathionate-novobiocin
Broth’a aktarildi. Besiyerleri sirastyla 41,5£1°C ve
37+1oC'de 24%3 saat inkiibe edildi. Bu agamadan
sonra, selektif besiyerlerinden alinan OSrnekler
Xylose-Lysine-Deoxycholate Agar ve Modified
Brillant Green Agatr’a ¢izildi ve 37+1°C'de 24+3
saat inkiibasyona birakildi. Inkiibasyondan sonra
Salmonella siipheli koloniler Tryptone Soya Agar
Uzerine ¢izilerek saflastirildi. Daha sonra, izole
edilen kolonilere biyokimyasal ve serolojik testler
uyguland: (Anonim 2002).

Elde edilen Salmonella spp. suslarinin DNA’s1 ticari
DNA izolasyon kiti (Qiagen DNeasy® DNA
Izolasyon Kiti, Almanya) kullanilarak, tretici firma
talimatlarina goére ekstrakte edildi. Ekstrakte edilen
DNA’lar agaroz jelde goriintilenerek, DNA
absorbanslart  MultiskanTM ~ FC  Mikroplate
Fotometre (Thermo, ABD) cihazinda pDrop
spektrofotometride 6lgildi.  Primer tasariminda
Salmonella spp’e Ozgi invA genine ait DNA
dizisine gbre tasarlanan primerler (Forward:
GTGAAATTATCGCCACGTTCGGGCAA;
Reverse:  TCATCGCACCGTCAAAGGAACC)
kullanildt (Yuan ve ark. 2009). PCR karisimi her
bir 6rnek icin DNA (2 pl), primerler (0,2 uM),
MgCly (1,5 mM), 10x buffer soliisyonu, dNTPler
(0,2 mM) ve 3U Platinum Taq DNA Polimeraz 25
ul’lik final hacimde olacak sekilde hazirland:.

PCR islemi T100TM Thermal Cycler (Bio-Rad,
ABD) kullanilarak asagida belirtilen kosullarda
gerceklestirildi;

-On denatiirasyon 95°C, 3 dk
-Denatiirasyon 95°C, 30 sn
-Primer yapismasi 60°C, 30 sn
-Uzatma 72°C, 30 sn

-Son uzatma basamagi 72°C, 5 dk

40 dongt

PCR drtnleri ve marker %271ik agaroz jel
elektroforezinde  yuritilerek ~ UV altinda
gorintilendi.

BULGULAR

Yapilan calismada toplanan par¢a tavuk eti
Orneklerinden kanat eti, but eti ve karaciger
orneklerinde 1’er adet Salmonella spp. izole edilmis
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olup; toplamda 100 par¢a tavuk eti Orneginde 3
(%3) adet Salmonella spp. tespit edildi. Analiz edilen
parca tavuk eti 6rneklerinden (kanat eti, gbgus eti,
but eti, karaciger, taglik) izole edilen Salwonella spp.

saytlart Tablo 1°de g0sterildi. Biyokimyasal ve
serolojik testler ile dogrulanan izolatlar PCR ile
onaylandr (Sekil 1).

Tablo 1. Analiz edilen tavuk eti ve sakatatlarinda Salwonella spp. varlig:
Table 1. Presence of Salmonella spp. in the analyzed chicken meat and giblets

Numune Numune Sayis1 Pozitif Numune Sayis1 (%)
Tavuk Kanat Eti 20 1 (%5)
Tavuk Gogiis Eti 20 -
Tavuk But Eti 20 1 (%5)
Tavuk Karaciger 20 1 (%05)
Tavuk Tasghk 20 -
Toplam 100 3 (%3)
7
Bc Marker I II II1 IV
L
Sekil 1. Salmonella spp. pozitif 6rneklerin PCR sonuglart (I: Pozitif Kontrol, II:
Kanat, I1I: But, I'V: Karaciger)
Figure 1. PCR results of Salmonella spp. positive samples (I: Positive Control,
II: Wings, I1I: Drumstick, IV: Liver)
TARTISMA %1,7 oramunda Salmonella spp. izole edildigi
bildirilmistir (Oral ve Turkyllmaz 2008). Ozbey ve
En onemli patojen bakterilerden biri olan Ertas (2006), Elazig ilindeki bir kesimhaneden

Salmonella, gida kaynaklt hastalik ve salginlara neden
olabilmektedir (Gouws ve ark. 1998). Diinyada en
cok tiketilen hayvansal urlnler arasinda olan
kanatlt eti ve driinleri insan salmonellozu’nun en
onde gelen sebebidir (Gupta ve ark. 1999; Al ve
ark. 20106). Turkiye’de ve dinyada kanatl eti ve
sakatatlarinda Salmonella spp. varligini arastiran pek
cok calisma yapilmustir. Cetinkaya ve ark. (2008)
Bursa ilinde marketlerde satisa sunulan 168 adet
parca tavuk eti Orneginin sadece %0,6 oraninda
Salmonella  spp. ile  kontamine  oldugunu
bildirmislerdir. Baska bir calismada, Aydin ve Izmir
illerinde bulunan broyler ve broyler damizlik
isletmelerinden salmonellozis stpheli 422 kanatliya
ait karaciger ve kalp 6rneklerinde sirastyla %02,4 ve

temin ettikleri toplam 250 adet tavuga ait karaciger
orneklerinin  Salmonella  spp.  kontaminasyon
dizeyini %4 olarak bildirmisleridir. Sezen (2009)
Istanbul piyasasinda ambalajli olarak titketime
sunulan 50 adet pili¢c but ve 50 adet pilic kanat
Orneginin Salmonella spp. kontaminasyon seviyesini
strastyla %6 ve %2 olarak belirlemistir. Istanbul’da
yapilan bagka bir ¢alismada ise tiketime sunulan 50
adedini  stpermarketlerden, 50 adedi ise
kasaplardan toplanan 100 ¢ig tavuk karkasinda
Salmonella spp. kontaminasyon diizeyi %15 olarak
belirlenmistir (Dimen ve ark. 2015). Al ve ark.
(2016) 50 karaciger ve 42 taslik olmak tizere toplam
92 kanath  sakatatundaki  Salwonella  spp.
kontaminasyon diizeyini siasiyla %27 ve %18
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olarak belitlemislerdir. Goncuoglu ve ark. (2016)
Ankara’da satisa sunulan her birinden 110 adet
olmak tzere broyler karkaslari, kanat ve karaciger
orneklerindeki  Salmonella  spp. kontaminasyon
diizeyini sirastyla %25,4, %28,1 ve %33,6 olarak
bildirmislerdir. Ankara’da gerceklestirilen bagka bir
calismada ise 50 adet posetlenmis bitin tavuk
karkasina ait olan but ve g6gis Orneklerinin
Salmonella  spp.  bakimindan  incelenmis  ve
kontaminasyon diizeyi butlarda %18, gogis
orneklerinde ise %16 diizeyinde belirlenmistir (Efe
ve Glmissoy 2005). Konya’da tiketime sunulan
168 tavuk karkaslarinda yapilan bir ¢alismada ise bu
bakteri icin kontaminasyon dizeyi %32,7 olarak
bildirilmistir (Hadimli ve ark. 2006). Samsun’da
stipermarketlerden temin edilen 75 karkas ve 75
parca et olmak lzere toplam 150 adet tavuk eti
klasik  kiltir metodu ve immunomagnetik
separasyon metodu kullandarak Salmonella  spp.
varlig yoninden incelenmis olup, klasik kiltir
metoduna gbére kontaminasyon dizeyi %25,3
olarak belirlenirken, immunomagnetik separasyon
teknigine gére kontaminasyon diizeyi %36 olarak
belirlenmistir  (Sittken ve ark. 2015). Tokat’ta
titketime sunulan 25 adet tavuk g6gsi ve 25 adet
tavuk butlartnin - Salmonella spp. kontaminasyon
diizeyi sirastyla %44 ve %52 olarak bildirilmistir
(Yddirim ve ark. 2015). Bununla bitlikte, diger
tlkelerde de Salmonella tirlerinin kanathl eti ve
sakatatlarinda  varligini  inceleyen ¢ok sayida
arastirma  mevcuttur. Brezilya’da  yapilan  bir
calismada 127 tavuk karkast 6rneginin higbirinin
Salmonella  spp. ie  kontamine  olmadigint
bildirilmistir. Bununla birlikte bu bakteri icin 73
sakatat Ornegindeki (kalp, tashk ve karaciger)
kontaminasyon diizeyi %2,74 olarak bildirilmistir
(de Freitas ve ark. 2010). Arjantin’de yapilan bir
calismada ise 62 kanatlh sakatat Orneginin
kontaminasyon diizeyi %3,2 olarak bildirilmigtir
(Favier ve ark. 2013). Rodrigo ve ark. (2000)
Trinidad’da yaptiklart bir calismada tavuk karkas,
tashk, karaciger ve kalp Orneklerindeki Salmonella
kontaminasyon diizeyini sirastyla %7,3, %2,1 ve %1
olarak belirlemislerdir. Giiney Afrika’da taze ve
dondurulmus tavuk karkaslarinda gerceklestirilen
bir calismada Salmonella kontaminasyon diizeyi
%19,2 olarak bildirilmistir (Van Nierop ve ark.
2005). Abd-Elghany ve ark. (2015) Misir’da yapmis
olduklart  ¢alismada tavuk karkaslari, baget,
karaciger ve taslikta Salmonella spp. kontaminasyon
diizeyini sirastyla %16, %28, %32 ve %060 olarak
saptamiglardir. Tayland’da  gergeklestirilen  bir
calismada ise 705 tavuk eti 6rneginin Salmonella
kontaminasyon dizeyi %66 olarak belirlenirken,
221 sakatat Orneginin kontaminasyonunu %86
olarak bildirilmistir (Jerngklinchan ve ark. 1994).
Diinyada ve Tirkiye’de tavuk eti ve sakatlarinda
yapilan ¢alismalarda farkli oranlarda Salwonella spp.

vatligi rapor edilmis olup ¢alismamizda elde edilen
sonuglar  bu oranlar arasinda bulunmaktadir.
Salmonella  spp.  kontaminasyon  duzeyindeki
farkliliklara hayvanlarin beslenme, nakliye ve kesim
kosullar: ile Ornek alma, o6rnek sayist  ve
buyuklugtindeki degiskenlikler neden
olabilmektedir. Sonu¢ olarak, Afyonkarahisar’da
satisa sunulan kanatli eti ve sakatlarinda Salmonella
spp-’nin  (%3)  yaygin  olarak  bulunmadig
belitlenmistit. Bununla bitlikte, kanatli etlerinin
Salmonella spp. varligt acisindan 6nemli bir kaynak
oldugu g6z oniine alindiginda, etkenin kanatlt
etlerinden bu patojenin eliminasyonu i¢in, 6ncelikle
tim dretim prosesinde ciftlikten ¢atala prensibi ile
HACCP, GMP ve GHP sistemlerinin eksiksiz ve
dizenli  bir  sekilde  uygulanmasi,  ¢apraz
kontaminasyonun  engellenmesi,  tiketicilerin
bilin¢lendirilmesi, risk grubu gidalarin periyodik
diizenli kontrollerinin yapilmasi 6nerilmektedir.
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Calismanin amact; postpartum nonsiklik ineklerde progesteron, GnRH, PGF2, ve 6stradiol benzoat hormonlarini igeren
tedavi yontemlerinin folliktler gelisim ve progesteron konsantrasyonlar: tzerindeki etkilerini arastirmaktir. Calisma
materyalini tedavi yontemlerine gére rastgele 3 gruba ayrilan toplam 20 adet nonsiklik Holstein inek olusturdu (n=20).
Grup I’ de (n=7) bulunan ineklere 12 giin stre ile PRID (6stradiol kapstillti) yetlestirildi. Grup II” de (n=6) 0. giinde 10
mcg GnRH ve PRID (kapsiilsiiz) ve PRID’ lerin uzaklastirildiklar: 7. ginde 25 mg PGF», tedavileri uygulandi. Grup III’de
(n=7) ise grup IIden farkli olarak kapsiilsiz PRID’ lerin uzaklagtirilmalarimi takiben 10. saatte 6stradiol benzoat uygulandi.
Sifiinct ginde GnRH uygulamalarina cevap olarak grup II (6/6) ve III” de (5/7) bulunan inekletde sirastyla ortalama
2,510,2. ve 2,21+0,2. giinlerde; 12,0£0,7 mm ve 11,020,9 mm c¢apl follikiillerde ovulasyonlar tespit edildi. PRID’ lerin
vaginadan uzaklastirilmalarini takiben grup I’ de bulunan ineklerde (7/7) persistent follikil olusumu gozlenirken, Grup II
(4/6) ve 11T’ de (6/7) yet alan ineklerde 4,8+0,6. ve 3,520,3. glinde ovulasyonlar tespit edildi. Sonugta; Grup I’de uygulanan
tedavi, siklik aktivitenin baslatilmasinda basarisiz kald: ve persistent follikiil olusumuna neden oldu. Grup II ve II’ de
uygulanan tedaviler siklik aktivitelerin baslatilmasinda benzer bagariyr gosterirken, dstradiol benzoat tedavisine bagh olarak

Grup IIT” de ovulasyonlar daha erken gozlendi (P<0,05).
Anahtar Kelimeler: Nonsiklik inek, PRID, follikiiler dalga, persistent follikiil

Follicular Changes and Reproductive Performance in Postpartum Noncyclic Dairy Cows After
Treatment with Progesterone and Estradiol or with Progesterone, GnRH, Prostaglandin F, and
Estradiol

ABSTRACT

The aim of this study was to investigate the effects of treatment methods including GnRH, PGF3, and estradiol hormones
on follicular development and progesterone concentrations in postpartum noncyclic cows. The study material consisted of
20 noncyclic, Holstein breed cows (n= 20), which were randomly allocated to three groups according to the treatment
protocols. In Group I (n=7), PRID with estradiol capsule was inserted for 12 d. Cows in Group II (n=06) were treated with
10 mcg of GnRH and PRID without estradiol capsule on Day 0 and 25 mg of PGF2, on Day 7 when PRID was removed.
Cows in Group III (n=7) were treated same as Group II until PRID removal, then they were received estradiol benzoate
10 h after PRID removal. In response to GnRH treatment on Day 0, all six cows in Group II and 5 of 7 cows in Group
IIT ovulated 2,5+0,2 d and 2,2£0,2 d after GnRH treatment with 12,0£0,7 mm and 11,0£0,9 mm follicle diameter. All
cows (7/7) in Group I had a petsistent follicles on the ovary following 12 d PRID treatment. Ovulations after PRID
removal were detected on Day 4,8+0,6 and 3,5%0,3 d in Group II(4/6) and III (6/7), respectively. In conclusion, PRID
(with capsule) treatment for 12 d was not successful to resume cyclicity and cause persistent follicle in noncyclic cows.
However, resumption of cyclicity was similatly high in Group II and III in response to treatmens. In addition, cows in
Group III ovulated eatlier than Group II due to estadiol benzoate treatment (P<0.05).

Keywords: Noncyclic cows, PRID, follicular wave, persistent follicle
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GIRIS

Sit sigir yetistiriciliginin  basarisint belitleyen en
onemli faktorlerden birisi de, treme ile ilgili
faaliyetlerin ~ diizeyidir. ~ Ureme  ile  ilgili
olumsuzluklar ve aksakliklar, sagilmakta olan inek
sayistnt ~ dogrudan  etkilemektedir.  Boylece
buzagilamalar arasindaki siire uzayarak laktasyon
saylst yani bir inegin yasami boyunca urettigi
toplam stt miktart azalmaktadir. Bunun yaninda
treme; genetik ilerleme ve seleksiyon konusunda
belirleyici rol oynayan temel faktSrler arasindadir
(Peter ve Lamming 1990, Mongiardino ve ark.
1990).

Bir isletmede gerek dol verimi ve gerekse stit verimi
actsindan en iyi dizeye ulasmak amaciyla, her inek
icin yilda bir buzagi elde edilmesi gerektigi bircok
arastirmact  tarafindan  bildirilmektedir.(Alagam
1992, Yavas ve Walton 2000, Rhodes ve ark. 2003).
Bu amaca ulasmak icin, bir inegin dogumunu
izleyen 75-85. giinler arasinda gebe kalmasi ve
postpartum andstrus stresinin fizyolojik smir olan
60 giinii asmamast gerektigi bilinmektedir (Yavas
ve Walton 2000, Rhodes ve ark. 2003, Mwaanga ve
Janowski 2000, Roche ve ark. 2000).

Yil boyu buzagilamalarin gézlendigi stut sigirciligt
isletmelerinde, postpartum 44. gline kadar
ovulasyonlarin gbzlenmemesi “uzamis postpartum
siire¢” olarak tamimlanmaktadir. Bu hayvanlar
buzagilama sonrast 44. ginden 6nce ovulasyon
gOsterenler ile karsilastirildiginda ilk
tohumlamadaki gebe kalma oraninin daha distik ve
gebelik basina disen tohumlama sayisinin ise daha
yiksek oldugu belirtilmektedir (Lamming ve
Darwash 1998).

Erken postpartum dénemde anovulatér andstrus
problemi bulunan stit¢i ineklerde negatif enerji
dengesinin siddeti ile baglantili olarak, preovulatér
gonadotropinlerin yetersiz salinimlari
gerceklesmektedir. Ovulasyonu uyaracak yeterli
diizeyde dominant follikill kaynakli  Sstradiol
Uretiminin ~ saglanamamasi, dominant follikil
atrezisinin temel nedeni olarak gosterilmektedir.
Sonug olarak;  yapilan calismalar “anovulator
anostrus”un nedeninin, dogum sonrast dénemde
ovaryumlar  Uzerinde  dominant  follikillerin
bulunmamasindan degil bu follikillerin ovule
olmamalarindan kaynaklandigint ortaya koymustur
(Roche ve ark. 1988, Roche ve ark. 2000).

Siklik veya anéstrustaki ineklerde yeni bir follikdl
dalgasinin  uyarilmasi, 6strus ve ovulasyonun
senkronizasyonu  amactyla  ekzojen  dogal
progesteron iceren vagina ici alet(PRID / CIDR-B)
veya progestagen iceren kulak implantlarinin kisa
veya uzun slreli olarak uygulamalarini iceren
hormonal tedavi programlarinda, olast bir endojen

progesteron kaynaginin [Korpus Luteum (CL)]
ortadan kaldirilmasina  yonelik, progesteron /
progestagen kaynaklarinin uzaklastirilmasindan 1
giin 6nce veya uzaklagtirma aninda prostaglandin
F2 alfa (PGFa,) analoglari kullanilmaktadir (Rhodes
ve ark. 2003, Fike ve ark. 1997, Xu ve ark 2000a,
Xu ve ark. 2000b, Ryan ve ark. 1999, Stevenson ve
ark. 2000).

Ayrica, nonsiklik ineklerde tedavi baslangicinda
Gonadotropin Releasing Hormon (GnRH) ve 7
gin sture ile CIDR uygulamalari, CIDR’ lerin
uzaklastirma giintinde veya bir giin Oncesinde
PGF2, ve CIDR’ letrin uzaklastirilmalarindan 10
saat veya bir gln sonrasinda Ostradiol benzoat
uygulamalar1 seklindeki hormonal yoéntemler ile,
yeni bir follikiil dalgast gelistirilerek anovulator bir
dominant follikiiliin ovule edilebilecegi ve boylece
fertil bir ovulasyonun uyartlabilecegi ifade
edilmektedir (Rhodes ve ark. 2003, Fike ve ark.
1997, Xu ve ark 2000a, Xu ve ark. 2000b, Ryan ve
ark. 1999).

Sigir hekimliginde ticari kullanim ic¢in sunulan
progestin  preparatlari, ovaryumlar  iizerinde
dominant follikiillerin daha biyik boyutlara
ulasmasina ve uzun bir zaman periyodunca kalict
olmasina neden olabilir (Sirois ve Fortune 1990,
Savio ve ark. 1993, Stock ve Fortune 1993, Lucy ve
ark. 1990, Rajamahendran ve Taylor 1991, Cupp ve
ark. 1992, Taylor ve ark. 1993, Mihm ve ark. 1994).
Sigirlarda siklusun luteal fazi sirasinda progesteron
konsantrasyonu ovaryum follikiiler dinamiklerinin
saglikli bir sekilde devamliligi agisindan gereklidir
(Lucy ve ark. 1992). Persistent ovaryum
folliktllerinin gelisimi, 6zellikle tedavi periyodunun
biyik bir boéliminde CL yoklugunda Jstrus
senkronizasyonu amactyla kullanilan progestinlerin
tedavi dozlarinin bir sonucu olarak meydana gelir
(Savio ve ark. 1993, Sanchez ve ark. 1995).

Farkli calismalarda (Mihm ve ark. 1994, Ahmad ve
ark. 1995) elde edilen sonuglara gore; persistent
follikiillerin ovulasyonu ile elde edilen distuk
fertilitenin en muhtemel nedeni anormal oosit
gelisimidir. Persistent follikiillerdeki ve normal
gelisim sirecine sahip dominant follikiillerdeki
oositlerin fertilizasyon oranlart benzer olmasina
karsilik, persistent follikiilli  sigirlardaki  erken
embryonik 6lum orant daha buyik bir paya
sahiptir. Bunun muhtemel nedeni ise persistent
folliktillerdeki  yaslanmis oositlerin ~ ovulasyonu
olabilir (Mihm ve ark. 1994, Ahmad ve ark. 1995).

Sunulan ¢alismada, postpartum nonsiklik ineklerde
progesteron, GnRH, PGFa, ve 6stradiol benzoat
gibi hormonlart igeren farkli tedavi yéntemlerinin
folliktiler gelisim ve progesteron konsantrasyonlari
tzerindeki etkilerinin arastirtlmast amaglanmustir.
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MATERYAL ve METOT

Hayvan Materyali ve Tedavi Gruplar1

Bu calismada, Tarim Isletmeleri Genel Mudiirligi-
Bursa Karacabey Tarim Isletmesi’nde bulunan ve
isletme kayitlarina gére dogum sonrast en az 44.
ginden itibaren hi¢ 6strus gdstermemis 102 bas
Holstein 1rki siyah-alaca inek belirlendi. Yapilan
muayeneler sonrast bu inekler icerisinden tespit
edilen 20 bas nonsiklik inek calisma materyalini
olusturdu. Dogum sonrast 44. giinden itibaren hig
Ostrus gostermeyen tim inekler icin ik kez
muayenelerin - yapildigt  giin @ -11  (tedavi
baslangicindan 11 giin 6nce) ve calisgmada yer
alacak inekler igin tedavi baglangic giinii 0. giin
olarak kabul edildi. Yapilan ultrasonografik (USG)
ve rektal muayenelerin (-11, -2 ve 0. Gunlerde) en
az birisinde ovaryumlar tzerinde CL tespit edilen
inekler siklik olarak degetlendirildi ve ¢alisma
icerisinde yer almadi. Her ti¢ muayenede de CL
tespit edilmeyen ve muayenelerin  yapidig
gunlerdeki serum progesteron degetleri 1 ng/ml.
den diisik olan inekler sahip olduklari follikil
buytkliklerine gore; 25 mm’ den kiigik olanlar
(nonsiklik) ve 25 mm’den biyik ve 10 ginden
daha uzun stre kalic1 olanlar (folliktler kistli) olarak
ayrildu

Kistik ovarian dejenerasyonlu olduklart tespit
edilen inekler (n=4) calismaya dahil edilmedi. Ug
bas nonsiklik inek ise vaginal stenozis ve genital
enfeksiyon  gibi nedenlerden  dolayt  tedavi
gruplarindan ¢ikartildr.

Nonsiklik olarak calismaya dahil edilen inekler
(n=20) 0. giinde; Grup I(n=7), Grup 1l (n= 6) ve
Grup III (n=7) arasinda rastgele bir sekilde dagitilds
Tedavi baslangic giind, 0. giin olarak kabul edilerek
3 farkli grupta bulunan ineklere asagidaki tedaviler
uyguland.

Grup I; sifirnct glinde 1,55 gr progesteron ve 10
mg Ostradiol benzoat kapsilid igeren PRID
(PRID®, Sanofi, Dogu flag), 12 gin sire ile
vaginaya yerlestirildi.

Grup II; sifirinct ginde 10 mcg bir GnRH analogu
olan buserelin asetat (Receptal ®, Intervet) kas ici
olarak uygulandi ve Ostradiol benzoat kapsilii
icermeyen PRID vaginaya vyerlestirildi. Yedinci
ginde PRID vaginadan uzaklastirildi ve 25 mg bir
PGF2, analogu olan dinoprost trometamin
(Dinolytic®, Pharmacia) kas ici yolla uyguland.
Grup III; sifirinct giinde 10 mcg GnRH analogu
kas i¢ci uygulandi ve Ostradiol benzoat kapsiilii
icermeyen PRID vaginaya yerlestirildi. Yedinci
ginde PRID vaginadan uzaklagtirildi ve 25 mg
PGF2, analogunun kas ic¢i enjeksiyonu yapildi.
Ikinci gruptan farkli olarak PRID’ in vaginadan
uzaklastirilmasindan 10 saat sonra 1 mg Sstradiol

benzoat (Oestrodiol Benzoate®, Intervet) kas ici
olarak uygulandt.

Ultrasonografik Muayeneler

PRID’ lerin vaginaya yerlestirilmesinden itibaren 24
gin sireyle tim gruplardaki ineklerin follikiiler
gelisim  ve ovulasyonlarin izlenmesi amactyla
ovaryumlarnin  ginlik transrektal USG
muayeneleri 7.5 MHz’ lik transrektal proba sahip
ultrasonografi cihazi (DYNAMIC IMAGING,
Scotland, Ingiltere) kullanilarak yapildi. Capt 5 mm
ve tzeri olan follikiiller ile biytiklikleri g6z 6niine
alinmaksizin tim CL’ larin ovaryumlar tizerindeki
konumu ve 6lgiileri belirlenip kayitlart tutuldu. CL
ve follikillerin  6lctimleri USG  ekraninda
maksimum biyiikliklerinde dondurularak, boyuna
ve enine en uzun ¢aplarnin ortalamalarinin
alinmasi ile elde edildi. Follikiller deviasyon; en
buytk follikil (dominant follikil) ile maksimum
capina ulasmis olan ikinci en biyiik follikil (en
buyik subordinate follikill) arasindaki biyime
oranlarinda  sekillenen en  biytk farkliligin
baslangici olarak tanimlanmistir (Ginther ve ark.
1997). Buna gore tedavi siiresince meydana gelen
follikiiler dalgalardaki deviasyon gunleri belitlendi.
Ovaryumlar tizerinde dominantlik stiregleri 10 giind
asan dominant follikiiller “persistent dominant
follikiil” olarak tanimlandi (Diskin ve ark. 2002).
Bu tammma gore, tedavi gruplarinda PRID’ lerin
uzaklastirilmalarini  takiben sekillenen  persistent
dominant follikiiller tespit edildi. Tedavi sirasinda
ve/veya sonrasinda iki ardisik glinde yapilan USG
muayenelerinde ¢apt 10 mm’ den buytk bir
folliktiliin ortadan kaybolmasinin tespit edildigi giin
ovulasyon giinii olarak kabul edildi ve kaydi
tutuldu. Tedavi grubunda yer alan her bir inek i¢in
uygulanan hormonal tedavilere yanit olarak
gbzlenen ovulasyonlar, yeni bir follikil dalga
gelisimi, deviasyon glnleri ve PRID’ lerin
uzaklastirllmasini  takiben ~ meydana  gelen
ovulasyonlar ve persistent follikiil gelisimlerini
iceren bireysel follikiil gelisim modelleri belitlendi.

Ostrus Takibi ve Suni Tohumlama

Tim gruplarda PRID’ lerin uzaklastirilmasin
izleyen 24. saatten baglayarak 144. saate kadar
06.00, 12.00, 18.00 ve 24.00. saatlerinde olmak
tzere giinde 4 kez, 20 ser dakika siirelerle kizginhk
takip ve tespiti yapildi. Vulvada 6dem ve hiperemi,
cara akintist ve Uzerine bagka bir hayvanin
atlamasina izin verme (standing refleks) belirtilerine
sahip inekler 6strusta kabul edildi. Rektal palpasyon
ve USG muayenelerinde ovaryumlari tizerinde ¢api
10 mm’ den buytk follikili bulunan, uterusu
6demli ve tonusu artmis inekler sun’i tohumlama
icin ayrildi. Tohumlamalar davranigsal Ostrus
belirtilerinin tespitinden 12 saat sonra fertilitesi
belirlenmis, dondurulmus bir sperma ile yapildi.
Buna karsilik  davranigsal ~ 6strus  belirtileri
gostermeyenlerde ise PRID’ lerin  vaginadan
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uzaklastirilmalarini takiben 48. saatte tohumlamalar

yapildt.

Kan Orneklerinin Toplanmast ve Progesteron
Analizi

Kan 6rnekleri PRID’ lerin yetlestirildigi glinden
itibaren tim gruplarda yer alan ineklerden 0, 1, 2, 4,
7, 8,9, 12, 13, 14, 16, 18, 21 ve 24. giinlerde V.
jugularis’ ten 10 mllik antikoagulan icermeyen
vakutainer tipler (BD Vacutainer Systems, 10 mlL,
Ingiltere) yardimi ile alindi. Toplanan kanlar 3 saat
icerisinde santriftij islemi (3000 devir / dk, 15 dk
siire ile) yapilarak serumlart ayrildi ve eppendorf
tipler icerisinde progesteron analizi yapilana kadar
— 20 ° C de derin dondurucuda muhafaza edildi.
Serum progesteron diizeylerinin analizi 6zel bir
laboratuarda direkt solid faz enzimimmunoassay
(EIA) (Progesteron ELISA ®, DRG International
Inc., USA) yontemiyle yapildi.

Gebelik Muayeneleri

Gebelik muayeneleri, sun’i tohumlama sonrast 2 ay
stire ile 6strus belirtisi gdstermemis ineklerde rektal
palpasyon yontemi ile yapildi Kornu uterilerde
asimetri ve yavru zart kaymast gebelik kriteri olarak
degerlendirildi.

Istatistiksel Analiz

Calisma  verilerinin  istatistiki ~ analizi; serum
progesteron dizeyleri, zaman igerisinde tekrarlanan
Olcimlerin  degerlendirildigi  SAS” 1n Mixed
Prosediirii kullanilarak yapilds.

Kullanilan istatistik model; Yijk= p + trti + cow;
(trt) + timey + trt*timey + e ijk

Yijk=progesteron

p= genel ortalama

trt; = tedavi gruplarinin etkisi (1=1,2,3)

cow; (trt)) =ineklerin etkisi (j=1,2,3,4,....20)

timey =glnlerin etkisi (k=1,2,3,....21)

trt*timex = tedavi gruplar ile giinler arasindaki
interaksiyonun etkisi

cijk=tesadufi hata

Ayni deneysel tnite, inek; (trt) tizerinde tekrarlanan
Olcimlerden  dolayt meydana gelen hatalar
hesaplamak icin 1- ko-varyans hata yapist kullanild:
(Littell ve ark. 1998). Model igerisinde tedavi
O6nemliyse tedaviler arasindaki farkhiliklar PDIFF
opsiyonu kullanarak belirlendi.

Tedavi periyodunun farkli dénemlerinde (0 ve 7.
ginlerde)  follikil  buytklikleri, preovulator
folliktillerin  ¢aplari ve olusmus CL ¢aplarinin
karsilastirilmasinda student t-test kullanildi.

Bi nominal veri dizenine uyan gruplarda (GnRH
ve/veya PRID tedavileri sonrast) gozlenen
ovulasyonlar ve persistent follikill olusumlarinin
karsilastirilmasinda Fisher-Exact testi kullanildi.
Tum veriler, X*S.E.M. ve dagilim araliklari veya
oranlar seklinde verildi. Istatisksel analizler p< 0,05
6nemlilik dizeyinde degerlendirildi.

BULGULAR

Yapilan rektal ve ultasonografik muayeneler
sonucunda 102 inegin 75 bast (% 73,5) siklik, 23
bast (% 22,5) nonsiklik ve 4 bast (%3,9) ise kistik
olarak  degerlendirildi. ~ Hayvan  gruplarinda
uygulanan tedavilere yanit olarak ovaryumlardaki
folliktiller degisiklikler ve ovulasyonlar ile ilgili
bilgiler Tablo 1’ de verildi.

Follikiil Aktivitelerinde Goriilen Degisiklikler
Tedavi Baglangicinda Ovaryum Ugerindeki Follikiillerin
Biiyiikliikler:

Tedavi baglangicinda ineklerin ovaryumlarinin USG
muayenelerinde maksimum c¢aplar1 6 ile 15 mm
arasinda  degisen  follikiller  g6zlendi. Bu
folliktillerin ortalama buyuklikleri Grup I, 1I ve
III’de strasiyla 9.1£0.9 (6.0-13.0), 12.0+0.7 (9.0-
14.0) 11.0£0.9 (7.0-15.0) mm olarak tespit edildi.
Gruplar arasindaki en buytk follikillerin ortalama
degerleri istatistiki olarak karsilastirildiginda; Grup 1
ve 1I arasinda farklilk g6zlenmesine karsilik
(P<0.05), Grup III ile I ve II arasinda farklilik
gbzlenmedi.

GnRH Uygnlamas: Sonras: Ovulasyonlar

PRID’ lerin vaginaya yerlestirildigi 0. glinde 2 ve 3.
gruplara uygulanan GnRH tedavileri sonrasinda
2.5%0.2 (2.0-3.0). glinlerde Grup II’ de yer alan 6
inegin 6 sinda da (% 100) ovulasyonlarin
sekillendigi gézlendi. Ugiincii grupta yer alan 7
inegin 5 inde (% 71,4) ise 2.210.2 (2.0-3.0).
giinlerde ovulasyonlar tespit edildi.

Deviasyon Giinleri

Uygulanan tedavilere yanit olarak yeni olusan
follikiil dalgalari icerisindeki ortalama deviasyon
gunleri; Grup I, II ve III” de strasiyla 7.1+0.3 (6.0-
8.0), 4.5£0.3 (4.0-6.0) ve 4.0£0.2 (3.0-5.0) olarak
tespit edildi. Follikiler deviasyon zamanlarinin grup
I’de yer alan ineklerde, Grup II ve III’ te yer alan
ineklere gbre daha ge¢ meydana geldigi saptand:
(p<0.0001). Grup II ve III arasinda deviasyon
gtinlerinde farklilik tespit edilmedi.

Deviasyon ile tedavi sonrast sekillenen ovulasyonlar
arasinda gecen ortalama zaman arahgt Grup II ve
I te 7.0£0.4 (6.0-8.0) ve 6.5£0.4 (5.0-8.0) giinler
olarak belirlendi.

PRID’  Jerin = Vaginadan — Cikartildiklar:  Giinlerde
Ovarynm Uzerindeki Follikiil Biiyiikliikleri

Grup II ve IIT te yer alan inekler icin PRID’ lerin
vaginadan uzaklastrildiklar tedavinin 7. glntnde
ovaryumlar Uzerindeki en buytk follikillerin
ortalama ¢aplar; Grup I’ de 9.7+0.5 (8.5-12.5),
Grup I’ de, 11.7£0.7 (10.0-14.0) ve Grup III’ de
ise 10.9£0.6 (8.0-13.0) mm olarak belirlendi. Bu
folliktillerde; Grup I ve II arasinda istatistiki
farklilik gbzlenirken (P<0.05), Grup I -11I ve II-I1I
arasinda ise farkliliklar tespit edilmedi. Birinci Grup
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icin PRID’ lerin vaginadan uzaklasturildiklar 12.
giindeki en biyiik follikiillerin ortalama caplart ise
15.1£0.7 (13.0-18.0) mm olarak Sl¢tldd. Gruplar
arasinda farklilik tespit edilmedi.

PRID Tedavisi Sonrast Ovulasyontar ve CL. Olusnmn
Tkinci Grupta bulunan 6 inekten 4’inde (%G67)
PRID’ lerin uzaklastirtlmasini takiben ortalama
olarak 4.8%0.6 (4.0-7.0) ve Grup III’ de yer alan 7
inekten 6’sinda  (%806) ise, 3.510.3 (3.0-5.0).
glinlerde ovulasyonlarin meydana geldigi gézlendi.
Bu ineklerde PRID’ letin uzaklastirilmalarint
takiben  tedavilere cevap  olarak  ovulator
folliktllerin ortalama maksimum buytklikleri Grup
I’ de 14.8%f1.1 (12.0-17.0) ve Grup III’ de
14.3£1.4 (10.0-20.0) olarak tespit edildi. Gruplar
arasinda istatistiksel olarak farklilik gézlenmedi.
Nonsiklik ineklerde uygulanan hormonal tedavilere
cevap olarak meydana gelen ovulasyonlar ve CL’
lerin 22-24. glinlerdeki USG Olctimlerle tespit
edilmis ortalama maksimum biyiiklikleri, Grup 1T’
de yer alan inekler (4/6) icin 20.020.8 (18.00-22.0)
mm ve Grup III inekler (6/7) icin ise 25.0%1.2
(21.0-30.0) mm olarak belitlendi.

PRID Tedavisi Sonrast Persistent Dominant Follikiil
Olusumn

Birinci grupta yer alan ineklerin hi¢ birisinde 12
gunlik tedavi siiresince ve sonrasinda ovulasyon
gbzlenmedi. Bu tedavi grubundaki tim ineklerde
(7/7; °%100) persistent follikiil olusumu tespit
edildi. Sonu¢ olarak, persistent follikil olusum
orant Grup I’ deki ineklerde Grup II ve III’ de yer
alan ineklerden daha fazla bulundu (p<<0.05).

Progesteron Konsantrasyonlari

Tedavi  gruplarindaki ~ serum  progesteron
konsantrasyonlart Sekil 17 de gosterilmistir. Tedavi
grubuna girecek inecklerin nonsiklik olduklarint
dogrulamak i¢in, dogum sonrast 44. glnden
itibaren ik kez muayenelerin yapddigi ve kan
serumlarinin alindig giin, eksi 11 ve ¢alismada yer
alacak inekler icin tedavi baglangic ginid 0. gin
olarak kabul edilmek tzere; eksi 11, -2 ve 0.
ginlerdeki ortalama progesteron konsantrasyonlart
0,5 ng/mL ve daha disiik bulundu.

Stfiriner giinde PRID tedavisine basladiktan sonra
tim gruplarda progesteron degerlerinin  hizla
artmaya bagladigi gorildi. Tedavi gruplarinda
PRID tedavisi siiresince serum progesteron
konsantrasyonlart yaklasik olarak 2 ng/ml. olarak
tespit edildi. Birinci grupta 12 gunlik PRID
tedavisi baslangicindan itibaren, ilk iki gin
icerisinde progesteron konsantrasyonlarinin hizla
artmaya bagladigt belirlenmistir. Takiben PRID’
lerin  uzaklastirilmalarna  kadar  progesteron
konsantrasyonlarinin tedavi stiresince 1 ng/mlL.’ nin
altina dismeksizin zaman igerisinde azalan bir seyir
izledigi  belirlendi. PRID’  lerin  vaginadan

uzaklastirilmalarini takiben tedavinin 13. giintinde
serum progesteron konsantrasyonlarinin  bazal
seviyelerine dustigl ve 24. giine kadar bu seyrini
korudugu saptandi. PRID’ lerin uzaklastirildig ve
PGFz, enjeksiyonlarinin  yapildigt tedavinin 7.
giniinde, Grup II ve III’ de yer alan ineklerde
progesteron  konsantrasyonlart  hizla  dismeye
basladi. PGFa, tedavisi ile GnRH uygulamalarina
yanit olarak olugan CL’ lerin lize olmalart saglandi.
Endojen (CL) ve ekzojen (PRID) progesteron
kaynaklarinin uzaklastiridmalar ile bu gruplarda yer
alan ineklerde tedavinin 8. glnlinde progesteron
degerleri 1 ng/mL’ nin altina distigl gozlendi.

Ikinci grupta yer alan ineklerde ortalama
progesteron  konsantrasyonlart  9.-16.  giinler
arasinda bazal seviyelerinde kalarak 16. giinden
itibaren ise artmaya basladigi gézlendi. Ugiincii
grupta bulunan ineklerin progesteron
konsantrasyonlart ise 9.-12. giinler arasnda bazal
seviyelerinde kaldiktan sonra 13. giinden baglayarak
arttigr belirlenmistir. Ostradiol benzoat uygulanan
Grup 1T’ teki ineklerin ortalama progesteron
degerleri tedavinin 16-21. giinlerinde Grup I ve 1I’
de yer alan ineklerin degerinden daha yuksek
oldugu tespit edildi (p<0,05).

Tedavinin 20. ve 21. giinlerinde Grup II’ de yer
alan ineklerin progesteron degetlerinin Grup I’den
daha ytksek oldugu belirlendi (p<0,05).

Reprodiiktif Performans

PRID’ lerin uzaklastirilmasini takiben
ovulasyonlarin tespit edilmesine karsilik davranissal
Ostrus semptomlart géstermeyen (sakin kizginlik)
inek sayist, Grup II icin 2/4 (%50) ve Grup III icin
ise 1/6 (%17) olarak belitlendi. Ovulasyonlarin
gbzlenmedigi grup I’ de yer alan ineklerde Ostrus
semptomlart tespit edilmedi.

Birinci grupta yer alan ineklerde tedavi sonrasinda
persistent  follikiil olusumunun  sekillenmesi ve
ovulasyonlarin gbzlenmemesi nedeniyle gebelik
elde edilmedi. PRID’ lerin uzaklastirilmalar
sonrasinda  Ostrus  belirtileri  géstermelerine
bakilmaksizin tohumlamalar sonrasinda gebelik
oranlart Grup II’ de% 33 (2/6) ve Grup III’ de ise
% 43 (3/7) olarak saptandi. Ikinci grupta PRID
sonrast ovulasyon goézlenen dort inek icin gebelik
orant % 50 (2/4) olarak tespit edildi. Gebe olan
ineklerden birisinde tohumlama aninda kizginlik
belirtileri olmasina karsin diger inekte ise kizginlik
gozlenmedi. Uglincii grupta ovulasyon tespit edilen
6 inek icin gebelik orani ise % 50 (3/6) olarak
belirlendi. Bu grupta gebe olan ineklerde Ostrus
semptomlarinin meydana geldigi gozlendi.

Bu reproduktif veriler, hayvan gruplarindaki denek
sayllarinin yetersizligi nedeniyle istatistiksel olarak
degerlendirilmeyip ~ sadece  bilgi  niteliginde
verilmistir.
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Tablo 1. Tedavi gruplarindaki ineklerin ovaryum follikil 6l¢timlerine ve reproduktif parametrelerine ait bilgiler.
reproductive parameters of the cows in

Table 1. The informations on ovarian follicle measurements and
treatment groups

1. Grup 2. Grup 3. Grup
Inek Sayist (n) 7 6 7
0. Ginde En Biiyiik Folliktllerin Ortalama Caplari (mm) 9.1+£0.9+  12.0+0.7" 11.0£0.9 »b
GnRH Uygulama Sonrast Ovulasyon Gésteren Inek Sayist - 6/6 5/7
GnRH Sonrast Ortalama Ovulasyon Zamant (Giin) - 2.5%0.2 22102
Olusan Follikiil Dalgalatindaki Ortalama Deviasyon Zamani (Giin) 7.120.3 ¢ 4.510.34 4.0+0.24
7.Gunde DF’ lerin Ortalama Maksimum Buyuklikleri (mm) 9.7+£0.5*  11.7£0.7" 10.9£0.6 *b
12. Ginde DF’ lerin Ortalama Maksimum Buyuklikleri (mm) 15.1£0.7 - -
Ovulatér Folliktllerin Ortalama Maksimum Buyiklikleri (mm) - 14.8%1.1 14.3%1.4
Ortalama Deviasyon — Ovulasyon Zaman Araligt (Gun) - 7.010.4 6.510.4
PRID Sonrast Ovulasyon Sayisi - 4/6 6/7
Ortalama PRID - Ovulasyon Zaman Aralig1 (Giin) - 4.8%0.6 3.510.3
22-24. Gunlerdeki Ortalama Maksimum CL Buyuklugi (mm) - 20.0+0.8 25.0+1.2
Ovulasyonlu Sakin Kizginlik Sayist - 2/4 1/6
Persistent Follikiil Olusan Inek Sayist 7/7¢ 2/6b 1/70b
Gebe Tnek Sayist - 2/6 3/7
a,b p<0.05; ¢,d p<0.0001
TEDAVI GRUPLARINDAKI PROGESTERON KONSANTRASYONLARI
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Sekil 1. Tedavi gruplarinda yer alan nonsiklik ineklerin progesteron konsantrasyonlart (X+8SD). (¥)
Grup Il ile I ve II, (+) Grup I.ve II. arasindaki fark (p<0,05).

Figure 1. Progesterone concentrations of the noncyclic cows in treatment groups (X£SD).
(*)Difference between Groups I1I and LII (+) Diffrence between Group Land I1.(p<0,05).



TARTISMA ve SONUG

Buzagillamalar arasindaki siirenin uzamasi ile
sonuglanan uzamis postpartum andstrus siireci, siit
sigirciligt ile ugrasan isletmeler icin ileri diizeyde

ekonomik kayiplara neden olan 6nemli bir
infertilite nedenidir. Bu c¢alismada; nonsiklik sttt
ineklerde siklik aktivitenin baslatimasi amaciyla en
etkili tedavi protokoliiniin belirlenmesi ve bu tedavi
protokollerinin folliktiler gelisim tizerindeki etkileri
arastirildi.

Bizim c¢alismamizda dogum sonrast 44. giinden
itibaren 6strus gostermemis ineklerin; -11, -2 ve 0.
ginlerde ovaryumlarin USG muayenelerinde CL
belirlenememesi ve bu gilinlerde progesteron
konsantrasyonlarinin distik olmast (< 1 ng/mL)
kriterlerine gbre nonsiklik inek oramt % 22.5
(23/102) olarak belitlendi. Yapilan arastirmalar
(Moreira ve ark. 2001, Lucy ve ark. 2001, Calder ve
ark. 1999, Pursley ve ark. 2001); stitcti sigirlarda 7-
12 ginlik zaman araliklarinda disik serum
progesteron degerlerine dayanarak anovulasyon
oraninin % 18-38 arasinda degistifini ortaya
koymuslardir. Ayrica Giimen ve ark. (2003); stit¢ii
sigirlarda dogum sonrast 47-53. giinlerden itibaren
7 gin ara ile yapilan iki USG muayenelerde
ovaryumlarda CL tespit edilmeyen ve serum
progesteron konsantrasyolart diisiik olan anovular
sigir oranint % 20.2 (64/316) olarak bulmuslardir.
Lopez ve ark. (2005) ise, USG ve serum
progesteron  degerlerine gdre anovular inek
oraninin % 28.5 oldugunu bildirmislerdir. Bizim
calismamizda, Tirkiye kosullarinda tespit ettigimiz
nonsiklik inek orani son yapilan calisma sonuglart
ile uyumlu bulunmustur.

Tedavi baglangicinda grup 1 ve II arasinda
ovaryumlar  lizerindeki en  buyik  follikiil
buyiikliiklerinde istatistiksel farkliik saptand:r Xu
ve ark. (2000b) nonsiklik siitcti ineklerde yaptiklar
bir c¢alismada, 10 mcg GnRH ve CIDR
kullanmuglar, CIDR’ ler uzaklagtirldiktan 7 giin
sonra 25 mg PGF», yapmuslar ve son olarak da 10.
saatte 1 mg 6stradiol benzoat uygulamuglardir. Bu
calismada tedavi baslangicinda ortalama en biyiik
caplat 14,3111 mm  olan  follikillerin
buytkliklerine gdre gruplar arasinda dengeli bir
sekilde dagilimlarinin  yapildigt gbzlendi. Bizim
calismamizda, tedavi baglangicinda gruplardaki en
buytk caplt folliktller; Grup I de 9.1£0.9, Grup I’
de12.0£0.7 ve Grup IIT” de ise 11.0£0.9 mm olarak
dagilimlart rastgele yapildi. Bu dagilima gére; tedavi
baslangi¢c giinii olan 0. giinde, tedavi gruplarinda
maksimum buytklikleri 10 mm’ den kigcik
folliktili bulunan inek sayiari; grup I’ de 4 adet,
Grup I’de 1 adet ve Grup IIT” de ise 1 adet oldugu
tespit edildi. Bu farkliliklarin, nonsiklik ineklerin
gruplar arasinda rastgele dagiliminda, follikiil

buytkliklerine gore sintflandirilarak
dengelenmemesinden kaynaklanabilecegi

dastnildi. Xu ve ark. (2000b)’ nin  yapmis
olduklart ¢alismada; GnRH’ a cevap olarak iki giin
icerisinde 7/8 inekte ovulasyonlar goézlenmesine
karsihk, diger inekte ise GnRH sonrasi
luteinizasyon saptanmistir. Bizim c¢alismamizda
GnRH tedavisine cevap olarak; Grup II’ de yer alan
ineklerin tumiinde (6/6) ovulasyonlarin tespit
edilmesine karsilik, Grup III’ te yer alan ineklerin
5/7 sinde ovulasyonlar gozlendi. Ugiincii grupta
ovulasyon gézlenmeyen inekler bireysel olarak
degerlendirildiginde, ineklerin birisinde tedavi
baslangicinda ovaryumlar Uzerindeki en biyik
follikiil ¢apinin 7 mm oldugu belirlendi. Xu ve ark.
(1995); ortalama 6.7 mm ¢aplt follikillerde LH
reseptorlerinin - mRNA  ekspresyonunu  tespit
edememelerine karsilik 10.8 mm capli follikiillerde
en ist dizeyde tespit ettiklerini ve deviasyon
déneminde teka hticrelerinde LH reseptér mRNA
ckspresyonunda doért kat bir artis sekillendigini
bildirmislerdir.  Jolly ve ark. (1994), farklt
buyiikliklerdeki folliktillerin granulosa
hiicrelerindeki LLH> a  karst  in-vitrto cAMP
cevaplarini Glgerek follikiillerin 9 mm ¢aptan 10
mm’ye biyiirken LH cevabinda belirgin bir artisin
sekillendigini ortaya koymuglardir. Sartori ve ark.
(2001); deviasyondan hemen sonra (10 mm caply)
folliktillerin yiiksek dozda LH uygulamalarina (40
mg) ovulasyonla cevap vermelerine kargilik,
deviasyon Oncesinde 7-8.5 mm capl follikiillerin
aynt  dozdaki LH uygulamalarina ovulasyon
cevabint vermedigini bildirmislerdir. Sonu¢ olarak,
bu inekte ovulasyon gbzlenmeme nedeni, GnRH
tedavi esnasinda mevcut olan 7 mm ¢apli follikiilde
LH reseptorlerinin  bulunmamasina  dayandirilds.
Ucglincii grupta yer alan diger inekte ise, 0. giinde en
buytk follikil ¢apt 11 mm olmasina karsilik
uygulanan GnRH sonrasinda ovulasyon
gbzlenmedi. Martinez ve ark. (2002); dominant
follikilin  ge¢  biyime ve erken statik
dénemlerinde GnRH enjeksiyonlarinin  genellikle
ovulasyonlara neden oldugunu, buna karsilik
dominant  follikilin  regresyon  déneminde
uygulanan GnRH enjeksiyonlarinin ise
ovulasyonlari uyarmayacagint bildirmislerdir. Bu
inekte GnRH tedavisi sirasinda dominant follikiliin
regresyon doneminde olmast ve bu esnada yeni
ortaya ctkmis bir follikil dalgasinin bulunmast
nedeniyle ovulasyon gézlenemeyecegi diisuntldi.

Gruplarda uygulanan farkli tedavilere baglt olarak
deviasyon gunlerinde istatistiksel farkliliklar ortaya
ctkmustir. Bu durum, tedavi baglangicinda Grup I’
de yer alan ineklere uygulanan PRID’ e tutturulmus
kapsiil icerisindeki 10 mg &stradiol benzoat ve 11 ile
III. Gruplara uygulanan GnRH’ nin follikiiler dalga
tzerinde  farkhi  etkilere sahip  olmasindan
kaynaklanabilecegi disunildi. Diskin ve ark.
(2002); progesteron salan vaginal alet ile beraber
farkli plazma Ostradiol konsantrasyonlari saglayan
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Ostradiol benzoat [10 mg Ostradiol benzoat
(kapstl), 0,75 mg Ostradiol benzoat (im) ve 5 mg
Ostradiol benzoat (im)] uygulamalarinin, tedavi
baslangicinda mevcut follikiiler dalgalarin atrezisine
neden olarak, 3-6 giin sonra yeni bir follikil
dalgasinin  ortaya  ¢itkmasina  yol  actgini
bildirmislerdir. Bo ve ark. (1995), progestin tedavisi
ile beraber 5 mg Ostradiol-1783 uygulamalart antral
folliktllerin  regresyonuna yol acarak ortalama
olarak 4,3 glin sonra yeni bir follikiler dalganin
ortaya ctktigini bildirmislerdir. Oysa ayni dozda
Ostradiol benzoat uygulamalarinin 5.4 giin sonra
yeni bir follikiler dalga emergence’ 1 ile
sonuglanmistir. Ryan ve ark. (1998), siitct sigirlarda
250 mcg sentetik bir GnRH analogunun;
gonadotropin salinimi, mevcut follikiiler dalganin
atrezisi ve yeni bir dalga olusuncaya kadar gecen
zaman araliy1 tzerine etkilerini arastirmuslardir. Bu
calismada GnRH; postpartum gunlere, progesteron
konsantrasyonlatina (1 ng/mI’nin altinda veya
ustinde) ve follikiler dalganin agamasina bagiml
olmaksizin LH ve FSH salinimlarina neden oldugu
gozlenmistir. Dominant follikiiliin ~ seleksiyonu
sonrast uygulanan GnRH, ovulasyona neden olarak
(20/20), 1,6£0,3 gin sonra yeni bir follikiler
dalganin ortaya ¢ikmasina yol acmustir. Seleksiyon
oncesi GnRH uygulamalarinin  mevcut  follikdl
dalgasinin ilerleyisinde herhangi bir etkisi olmamis
ve 3,6£0,05 giin sonra dominant follikiil ortaya
cikmistir.

Tedavinin 7. gininde Grup I ve II arasinda
ovaryumlar {izerinde bulunan en buyiik follikiiller
arasinda farklihk saptandi. Bu durumun; tedavi
baslangicinda uygulanan GnRH (II ve III. Grup) ve
PRID izerindeki 6stradiol kapsilid (Grup 1)
sonrasinda Grup I ile II ve III. gruplar arasinda
deviasyon  glnlerindeki  farkliiktan  dogdugu
distnilmektedir. Bununla beraber, tedavinin 7.
ginde I ile III. Gruplar arasinda istatistiksel
farkliligin gézlenmeme sebebi; I1I. Grupta yer alan
bir inegin maksimum follikiil biytkliginin 8 mm
olmast ve bu tedavi grubunun 7. glindeki genel
ortalamasint diistirmesi gosterilebilir.

Bu c¢alismada II ve III. Gruplarda saptanan
ovulatér  follikillerin ~ ortalama  maksimum
buyuklikleri 14,3+1,4 mm olmasina karsilik, Xu ve
ark. (2000b) ovulatér follikiil biytkliklerini 19.3
mm olarak tespit etmislerdir. Ayrica, PRID’ lerin
vaginadan uzaklastirilmasi ile ovulasyon arasinda
gecen ortalama zaman aralifl yoniinden Xu ve ark.
(2000b) tarafindan elde edilen sonuglarla (2,7£0,3)
karsilastirldiginda, bizim arastirmamizda (3.510.3)
bu stirenin daha uzun oldugu tespit edildi. Xu ve
ark. (2000b) ile bizim ¢alismamizda uygulanan
tedavi protokollerindeki biytik benzerlige karsilik,
tedavilere karst alinan follikiiler cevaplarda ve
ovulasyon zamanlarinda farkliliklar gbzlendi. Bu
durumun kullanilan hayvan materyalindeki bakim-

besleme, siit verimi, genetik ve ¢alisma ortami
varyasyonlarindan kaynaklanabilecegi distntldi.
Bunun yaninda calismalarda kullanilan vagina ici
progesteron salan aletlerin igerdikleri progesteron
hormonlart miktatlarindaki farkliliklarin  (PRID=
1.55 gr; CIDR= 1.9 gr) da bu varyasyonlarda etkili
olabilecegi dustnildu.

Xu ve ark. (2000b), nonsiklik siit¢ti ineklerde 7 giin
streli CIDR (1.9 gr progesteron) tedavisinde, ilk 24
saat icerisinde kan progesteron konsantrasyonu 2.5
ng/ml’ ye kadar yukseldikten sonra tedrici
(Ing/ml’ nin altina inmemek tlzere) olarak
dastigini  ve CIDR’ nin vaginadan
uzaklastirilmasini  takiben 24, saatte  bazal
seviyesinde kaldigimi  belirtmiglerdir. Giimen ve
Wiltbank (91); anovular sigirlarda CIDR tedavisini
takiben 3. saatte kan progesteron seviyelerinin 1.5
ng/ml’ ye kadar vyikseldikten sonra zaman
icerisinde  azalan  bir  seyir  izlediklerini
bildirmislerdir. Bizim calismamizda da PRID
sonrast benzer serum progesteron konsantrasyon
seyri tespit edilmistir.

PRID’ lerin vaginadan uzaklastirilmalart sonrasinda
IIve III. Gruplardaki progesteron profillerinde
farkliliklar ortaya ¢ikmustir. Ugiincti grupta PRID’
lerin uzaklagtirilmalarini izleyen 10. saatte Ostradiol
benzoat  uygulamast ile  preovulatér LH
salmimlarinin  daha erken uyarilmast sonucu
ovulasyonlarin 6ne alindigt (ovulasyon giinleri;
Grup II’ de. 11.8+0.6 ve Grup III’ de10.50.3.
giin) tespit edildi.

Calismamizin tedavi gruplarindaki denek sayilari
Ostrus ve gebelik oranlarini istatistiksel olarak
degerlendirme icin yeterli olmamasina karsilik;
Grup II’ de 6strus tespit orant % 50 (2/4) ve
gebelik orant % 33 (2/6), Grup III’ de ise Ostrus
tespit orant % 83 (5/6) ve gebelik orant % 42 (3/7)
olarak bulundu. Xu ve ark. (2000b) calismalarinin
CGPE  (CIDR-GnRH-PGF,,-Ostradiol  benzoat
tedavisi) grubunda (3. tedavi grubunun benzeri),
6strus tespit oranini % 100 (7/7) ve gebelik oranini
% 50 (4/7) olarak bildirmislerdir. CIDR’ lerin
uzaklastirilmalarint takiben 1 mg Sstradiol benzoat

uygulanmasi;  diger  Ostrus  senkronizasyon
programlart ile karsidastirldiginda  Ostrus  tespit
oraninin artmasina tam bir Ostrus

senkronizasyonuna ve gebelik oranlarinda distisin
sekillenmemesine neden olmustur. Ayrica, Ryan ve
ark.  (1998) benzer Ostrus  senkronizasyon
programinin  uygulandigr siklik ve andstruslu
sigirlarda benzer 6strus tespit ve gebelik oranlarint
elde etmislerdir. Ugiincii tedavi grubunda &strus
tespit oranmnin 2. tedavi grubundan daha yiksek
gozlenmesi, PRID sonrast Ostradiol benzoat
uygulamasina baglandi.

Birinci grupta 12 gin streli uygulanan kapsilla
PRID tedavisinde nonsiklik ineklerin tiiminde
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(7/7) PRID sonrast persistent follikiil olusumu
gbzlendi. Zulu ve ark.(2003), calismalarinda yer
alan  follikiler kistli hayvanlarin  teghisinde;
ovaryumlar tzerinde 7-14 gln sire ile 225 mm
capli  follikiiler  yapiarin  bulunmasi, CL
belirlenememesi ve serum progesteron
konsantrasyonlatinin < 1ng/ml. olmast kritetlerini
g6z 6ntnde bulundurmuslardir. Bu ¢alismada; 17
follikiler kistli inek tzerindel2 gln siire ile
kapstulli PRID tedavisi uygulanmis ve PRID
tedavilerini takiben 14/17 (% 82) inekte 14 gin
icerisinde CL’ lar tespit edilmistir. Ayni tedavi
dizayninin uygulandigt ilk grubun sonuglart ile bu
arastirmanin sonuclarinin 6rtismemesinin nedeni;
bu grupta yer alan ineklerin follikiil ¢aplarinin 6,0-
13,0 mm’ lik dagiim araligina sahip olmalarina
karsilik, Zulu ve ark.(2003) calismalarinda 25
mm’den buylik follikillere sahip kistli inekleri
kullanmuslardir. Bunun yaninda anovulatér ineklere
uygulanan tedavilere alinan cevaplardaki farkliliklar
buyik 6l¢iide bakim-besleme ve yonetsel kosullara
da bagli olabilecegi sonucuna varilmistir.

Daha 6nce yapilan arastirmalarda Calder ve ark.
(1999) ile Gumen ve Wiltbank (2005), nonsiklik
ineklerin tek bagina progesteron tedavisi sonrasinda
ovulasyonlarin gbzlendigini bildirmislerdir.

Sonug olarak; nonsiklik ineklerde Grup 11 ve I1I” de
uygulanan  tedavilerin  Sstruslu  ovulasyonlarin
uyarilmasinda ve siklik aktivitenin baglatilmasinda
etkili olduklart kanismna varildi. Birinci gruba
uygulanan 12 giin sireli kapstlliis PRID tedavisinin
persistent  follikiil  olusumuna neden olmast
nedeniyle siklik aktivitenin baslatilmasinda basarisiz
oldugu gozlenmistir. Bu tedavi programinda
persistent follikiil olusum mekanizmast ile ilgili
daha fazla denek Uzerinde ovaryumlarin ginlik
USG muayenelerinin yapilmast ve dolagimdaki
FSH, LH, progesteron ve 6stradiol hormonlarinin
konsantrasyonlarinin belirlenmesini kapsayan daha
detaylt arastirimalar yapilarak ortaya koyulmasi
gerekmektedir.
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ABSTRACT

Canine demodicosis (CD) is an inflaimmatory skin disease caused by excessive proliferation of Demodex mites (Acarina:
Demodicidae) former in the dogs’ follicles latter in the sebaceous glands. To date Demodex canis, D. injai, and D. cornei are
the three Demodex species that recognized in the domestic dog Canis familiaris. There are reports of morphological
identification of Demodex spp. from pet dogs in Turkey. Nevertheless there had been no reports of characterizing the
Demodex mite from pet dogs in Turkey using well-defined mitochondrial DNA gene sequences. The aim of the present
study is to reveal first molecular characterization data on D. canis infesting domestic dogs (Canis familiaris) in Turkey.
Demodex: mites were obtained from skin scrapings of dogs with CD and identified microscopically as D. canis. The
mitochondrial DNA 12S (mtDNA 12S) rRNA gene amplified, sequenced and compared with available Demodex sequences
in Genbank using BLAST analyses. D. canis isolate (DP-Samsun, MH374631) obtained in the study matched 100%
(474/474) with previously reported gene sequences for the 128 tRNA of mtDNA in D. canis (KX2644806, isolate
Demo.can2) from dogs in China. Pairwise comparison between the 12S rRNA sequences of the D. canis from Turkey
(MH374631) and other mtDNA tRNA gene of D. canis isolates from China (KX264486-88) presented differences ranging
from 0.0 to 0.6 %. In conclusion, within the present study, we provided the molecular characterization of D. canis in
domestic dogs for the first time by sequencing of the partial mtDNA in Turkey.

Keywords: Demodex canis, Dog, Molecular characterization, PCR, Sequencing.

Evcil Kopeklerde (Canis Familiaris) Demodex Canis’in (Acarina: Demodicidae) Molekiiler
Karakterizasyonu
oz
Kanin demodikozis (KD) Demodex akarlarinin (Acarina: Demodicidae) kil kéklerinde ve yag bezlerinde agirt cogalmasinin
neden oldugu inflamatuar bir deri hastaligidir. Bugline kadar evcil képeklerde Canis familiaris bildirilen ¢ Demodex tirt D.
canis, D. injai ve D. cornerdir. Turkiye’de pet képeklerinde Demodex spp.’nin morfolojik identifikasyonu ile ilgili raporlar
vardir. Buna ragmen Tirkiye'de evcil kopeklerde Demodex akatlarinin iyi tanimlanmis mitokondriyal DNA gen sekanslarinin
molekiler karakterizasyonu ile ilgili raporlar yoktur. Bu ¢alismanin amact Tirkiye'de evcil kdpeklerde (Canis familiaris) D.
canis uzerine ilk molekiler karakterizasyon verilerini ortaya ¢tkarmaktir. Demodex akarlart KD'li képeklerin  deri
kazintilarindan elde edildi ve mikroskobik incelemeler ile D. canis olarak teshis edildi. Mitokondriyal DNA’nin 12S rfRNA
geni cogaltildl, sekanslandi ve Genbank’ta BLAST analizleriyle mevcut bilinen Demodex sekanslart ile karsilastirilds.
Arastirmada elde edilen D. canis izolatt (DP-Samsun, MH374631) Cin’de daha 6nce képeklerde rapor edilen D. canis 128
tRNA gen sckanst (KX264486, Demo.can2) ile % 100 (474/474) olarak eslesti. Turkiye'den D. canisin 128 tRNA dizisi
(MH374631) ile Cin'den rapor edilmis D. canis izolatlarinin (KX264486-88) 12S rRNA sekanslart arasindaki ikili hizalama
analizleri % 0,0 ile % 0,6 arasinda degisen farkliliklart ortaya ¢ikarmustir. Sonug olarak bu arastirma ile Tirkiye’de ilk kez

evcil képeklerde D. canis tirtiniin molekiiler karakterizasyonu mitokondriyal DNA sekanslari kullanarak sagland.
Anahtar Kelimeler: Demodex canis, DNA dizileme, képek, molekiiler karakterizasyon, PZR.

To cite this article: Pekmezci G.Z. Pekmezei D. Bolukbas C.S. Molecular Characterization of Demodex Canis (Acarina: Demodicidae) in
Domestic Dogs (Canis Familiaris). Kocatepe Vet |. (2018) 11(4): 430-433.
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INTRODUCTION

Canine demodicosis (CD) is an inflammatory skin
disease caused by excessive proliferation of
Demodex mites (Acarina: Demodicidae) in the hair
follicles and sebaceous glands. There ate three
recognized canine Demodex mites and these species
are D. canis, D. injai, and D. cornei in domestic dog
Canis lupus familiaris (L.). Demodex canis is the main
causative agent of CD (Scott et al. 2001, Izdebska
and Rolbiecki 2018).

Despite CD is a well-known challenging problem
in veterinary medicine, little is known about the
phylogenetic relationships of this demodecid
(Silbermayr et al. 2015). Mitochondrial genes have
been successfully applied in order to carry out
phylogenetic and taxonomic works in various taxa
of mites (Simon et al. 1994). The rapid advances in
molecular techniques support a usefull technical
achievement for the molecular characterization of
Demodex at a genetic level (Hu et al. 2017). The
mitochondrial (mtDNA) 16S has been used for
molecular characterization of the Demodecid mite
(Frank et al. 2013, Zhao et al. 2013, Silbermayr et
al. 2015, Sastre et al. 2016) and mt-cox1 (De et al.
2012, Zhao et al. 2014). Moreover, mitochondtial
128 was recently found more applicable than other
DNA barcoding gene (cox1 and 16S) for molecular
characterization of Demodecid mites at genus or
species level (Hu et al. 2017).

In Turkey, there are reports of morphological
identification of Demodex spp. from pet dogs
(Deger et al. 1994, Beyazit et al. 2010, Maden et al.
2012, Pekmezci et al. 2014). To date there had been
no reports of characterizing the Demodex mite from
pet dogs in Turkey using well-defined mtDNA
gene sequences.

The aim of the present study is to describe first
molecular characterization of D. canis in domestic
dogs (Canis familiaris) in Tutkey.

MATERIAL and METHODS

Parasitological examinations, DNA extraction
and PCR Analysis

Demodex mites were obtained from skin scrapings
of dogs which brought to the Veterinary Teaching
and Animal Hospital, of the Faculty of Veterinary
Medicine, University of Ondokuz Mayis, in April
2017 to December 2017 diagnosed as CD in
Turkey. Demodex mites were primarily identified
microscopically and classified as D. canis. The
parasites were collected by using a micropipette
and added to 50 pl of ethanol. Genomic DNA
(eDNA) was extracted from polled mites using a

commercial kit (GeneJet, Thermo Scientific). The
mitochondrial 125 rRNA gene was selected to
molecular identification of Demodex species. The
mtDNA 12§ was amplified using 12S-F
(CTACTTTGTTACGACTTATTTTA) and 12S-R
(GCCAGCAGTTTCGGTTA) (Hu et al. 2017).
The PCR conditions followed the protocol
described by Cheng et al (2015). PCR amplicons
were visualized on 1% agarose gel by UV
transillumination.

DNA sequencing and molecular analysis

DNA sequencing was performed by Macrogen Inc.
(Amsterdam, NL) for mtDNA 125 gene.
Sequences quality was checked using Geneious R11
(Biomatters Ltd) (Kearse et al. 2012). Later,
obtained sequences were confirmed by both
comparisons, assembled and edited with using
Geneious R11 (Biomatters Ltd) (Kearse et al.
2012). The consensus sequences were compared
with those previously published data for molecular
identification by using the BLAST within the
GenBank database (Altschul et al. 1990) and
aligned with those previously characterized
sequences of D. canis using ClustalW in Mega 7.0
multiple sequence alignments (Thompson et al.
1994). Nucleotide composition was calculated
using Bioedit (Hall 1999). Genetic distances were
calculated using the Kimura two-parameter model
with pairwise deletion in Mega 7.0 (Kumar et al.
2016). Molecular analyses were carried out
comparatively according to sequences obtained in
previous studies in Genbank (Hu et al. 2017).

RESULTS

In the opresent study, Demodex canis was
microscopically identified from dogs (Figure 1).
The amplification of the mtDNA 12§ RNA gene
produced a fragment of approximately 500 bp.
The mtDNA PCR product was subjected to direct
sequencing giving products 474 bp long. The
average percentage of nucleotide composition for
the partial fragment was: 30.17 % (A), 6.12 % (C),
17.09 % (G), and 46.62 % (T). The G+C content
were 23.21%. The consensus nucleotide sequence
was submitted in the GenBank database under the
accession number MH374631.  Demodex  canis
(isolate DP-Samsun, MH374631) from Turkey
matched 100% (474/474) previously reported gene
sequences for the mtDNA 12S rRNA in D. canis
(KX264486, isolate Demo.can2) from dogs in
China (Hu et al. 2017). Moreover, D. canis isolate
DP-Samsun from Turkey (MH374631) showed
99.2 to 99.8% identities with D. canis (isolate
Demo.can3, KX264487 and  Demo.can4,
KX264488) from China according to 12§ region
(Hu et al. 2017). We herein report that our
sequence  (MH374631) differed by three
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polymorphic sites (alighment positions 28, 33 and
257) with the sequences of D. canis isolate
Demo.can3 (KX264487) and one nucleotide
(alignment position 210) in the mtDNA 12S rRNA
sequence of D.  canis  isolate Demo.can4
(KX2064488) from the China (Hu et al. 2007).
Pairwise comparison between the mtDNA 128
rRNA sequences of the D. canis from Turkey
(MH374631) and other D. canis isolates from China
(IKX2644806-88) presented differences ranging from
0.0 to 0.6 %.

Figure 1: Microscopic image of Demodex canis mite
(original).

DISCUSSION

For a long while classification of Denodex mites has
relied on hosts and morphological characteristics.
Interestingly, the morphological characteristics of
Demodex: mites are prone to the influence of
environment which may lead to different
classifications ~ of  phenotypes.  Additionally,
different Demodex species might coexist in the host
and cause difficulty in species differentiation (Zhao
et al. 2013). Successfully, in the last decade DNA
barcoding techniques support a useful achievement
for the molecular characterization of Demodex
species in animals (Zhao et al. 2014). The
mitochondrial genes have a maternal inheritance,
rapid evolution and various evolution rates for
different regions have been most entirely provided
in molecular characterization among the arthropod
species (De et al. 2012, Frank et al. 2013, Zhao et
al. 2013, 2014, Silbermayr et al. 2015; Sastre et al.

2016). Recently, the mtDNA 128 is proved to be
used more suitable than the other DNA barcoding
gene for molecular characterization of Demodecid
mites (Hu et al. 2017). Therefore, molecular
identification and characterization of D. canis has
also proved by molecular evidence inferred from a
mitochondrial 128 marker used in the current
study. In Turkey, Demodex species was only
morphologically  reported ~ from  different
companion animals (Deger et al. 1994, Beyazit et
al. 2010, Maden et al. 2012, Pekmezci et al. 2014).
However, to date, there is no molecular
identification of Demodex species in Turkey.
Furthermore, within the present study, we also
provide the first molecular evidence of D. canis in
domestic dogs.

In conclusion, present study confirms that
mitochondrial 125 partial sequence is a useful tool
to discriminate D. canis isolate from domestic dog
in Turkey as previously reported by Hu et al (2017).
Therefore, mitochondrial 12S-based identification
in Demodicidae should also be used in the other
domestic and livestock animals in Turkey.
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ABSTRACT

This research was carried out in order to determine the effects of forced molting programs induced by feeding the hens an
alfalfa based and low Na-Ca induction feed as an alternative to forced molting program with feed withdrawal and the
effect of L-carnitine and Oregano plant in powder form as feed additives on the induction period parameters. A total of
1170 birds were divided into 13 groups. The trial was continued for a total of 36 days, with the first 14 days of adaptation
and 22 days of force molting. A negative control group (K) which was neither forced molted nor provided with any feed
additive substances in their diets Moreover, other three treatment groups (M: Marbel powder, Y: Alfalfa, F: Low Ca-Na
diet), were forced molted and one withhold feeding group was used for the study; the forced molted groups were supplied
L-carnitine (C) (100 ppm) and dried oregano leaves (O) (5%) as a feed additive in designed individual diets (MC, AC, FC,
MO, AO, FO) alone and in combination (50 ppm; 2.5%) in groups (MCO, ACO, FCO). In the light of this data it could be
said that the live weight loss achieved with qualitative alfalfa meal feed restriction exceeds 30% and exceeds the live weight
loss ensured by an 11 day feed withdrawal. Based on these parameters it is concluded that supplementing feed additives
into alfalfa meal could be an alternative to the feed withdrawal method and alfalfa meal with a combination of L-carnitine
and oregano plant has a positive impact on performance.

Keywords: Moulting, Laying Hen, L-Carnitine,Oregano, Egg Yield

Yumurtact Tavuklarda Kekik (Oregano) ve L-karnitin’in Yem Katkis1 Olarak Alternatif Zorlamali Ty
Dokiimii Programinda Kullanilmasi
oz
Bu arastirma, yem ¢ekmeli zorlamali tiy dékimi programina alternatif olabilecegi diistintilen yonca unu esasht ve digik
Na-Ca ihtiva eden zotlanim yemi kullanilarak yapilan zorlamali tiiy dékiimii programlarinin ve zorlanim periyodunda yem
katk1 maddesi olarak toz formda L-karnitin ve kekik bitkisinin, zorlanim dénemi parametreleri Gzerine etkilerini belirlemek
amaci ile gerceklestirilmistir. Deneme, zorlanim uygulanmayan ve yem katki maddeleri kullanddmayan bir negatif kontrol
grubu (K); biri yem ¢ekmeli olmak tzere 3 adet zorlamali tily dokimi metodu uygulanan deneme gruplart (M: Mermer
tozu, A: Yonca, F: Disiik sodyum-kalsiyumlu yem), zotlanim uygulanan gruplara yem ilavesi olarak L-karnitin (C) (100
ppm) ve kurutulmus kekik (O) (%5) tozunun beliflenen oranlarda ayri ayn (MC, AC, FC, MO, AO, FO) ve birlikte
kullaniddigt (50 ppm; %2,5) gruplar (MCO, ACO, FCO,) olmak tizere, her grupta 6 tekerriir ve tekerriir gruplarinda 15 adet
hayvan olacak sekilde 13 grupta toplam 1170 tavuk tizerinde yuriatilmistir. Deneme ilk 14 giin aligtirma, 22 giin zoflanim
doénemi olacak sekilde toplam 36 giin boyunca stirdirilmistir. Arastirmada, yonca unu ile yapilan kalitatif yem kisitlamast
ile canlt agithk kaybmnin %30’u gectigi ve 11 giin achgin sagladigt canlt agithk kaybindan daha fazla canli agirlik kaybina
neden oldugu tesbit edilmistit. Sonug¢ olarak, yonca ununun, yem ¢cekme metoduna alternatif olabilecegi, bilhassa yonca

ununa L-karnitin ve kekik bitkisinin bir arada katilmasinin performans tizerine olumlu etkiler gésterdigi kanisina varilmistir.
Anahtar Kelimeler: Zorlamal Tty dékimi, Yumurta Tavugu, L-Karnitin,Kekik, Yumurta Verimi
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INTRODUCTION

The increasing concern in the world for sustainable
animal welfare has generated a need to develop
alternative methods for the traditional forced
moulting methods which are effective and
economical. Moulting is a physiological event in
poultry which incurs naturally before the days get
shorter and the migration season. The procedure
involving rapid moulting and the regeneration of
feathers and subsequent stimulation of egg-laying
within a program is known as "Forced Moulting”
(Turkoglu et al. 1997). Forced moulting is a
method used to prolong the productive life of
broiler and laying hens or to interrupt egg laying
temporarily when egg prices are very low. Various
methods are used for this purpose, such as restrict
feeding, water and light, providing feed with
inadequate calcium or sodium, adding elements
such as aluminium, zinc and iodine, feeding only
grain and administering various drugs and
hormones (Senkoylu 2001, Berry 2003, Webster
2003, Kakhki et al. 2018). It has been reported that
instead of the traditional limitation of feed and
water for laying hens, the application of alternative
forced moulting methods without subjecting the
hens to restricted feeding can provide better living
conditions for the animals and facilitate the
transition from the resting period to the
production period (Koelkebeck and Anderson
2007). Minoura et al. (2005) reported that egg
production is enhanced by the implementation of
forced moulting by feed prepared with wheat bran
or fat free rice bran. McReynolds et al. (20006)
reported that the colonization of Salnanella
enteritidis 1is restricted in forced moulting when
clover is used together with layer feed. In a study in
which forced methods were used as an alternative
to the traditional methods, it was noted that the
administeration of Vitamin E had a positive impact
on the immune systems of layer hens (Gulhan et al,
2000). Increasing concerns for animal welfare
emphasize the importance of other methods which
provide better living conditions for poultry without
keeping them on fasting. The alfalfa flour can be an
alternative material for forced moulting like feed
withdrawal method (Landers et al. 2005 ; Donalson
et al. 2005; Kim et al.,2006; Landers et al. 2008).
Kim et al. (2007) reported that the provision of
alfalfa based rations during the moulting period
produced effects which are similar to those
generated by feed withdrawal and that the
application of alfalfa flour may be beneficial to the
sustenance of the mechanical properties of the
bones. It has been reported that applications
without feed withdrawal are less harmful in terms
of bone mineral density and concentration
compared to feed withdrawal (Mazzuco and Hester
2005). Szabo et al. (2005) reported that during a
forced moulting applied for 12 days with classical

feed withdrawal caused severe hepatic membrane
degradation and increased lipid peroxizadion.

Carnitine (3-hydroxy y-trimethylamine butyrate) is
a vitamin-like substance that plays an important
role in the anabolism and catabolism of lipids and
is a cofactor involved in the passage of long chain
fatty acids into the mitochondrial matrix (Zhai
2007). There are several studies which indicate that
it increases egg production and their weight,
decreases abdominal fat ratio and improves feed
utilization in poultry (Ergtn et al. 2004; Harmeyer
2002, Hrncar et al. 2015). It has also been used
extensively in recent years as an alternative feed
additive to support the immunity system (Rabie et
al. 1997a). Studies have reported that the addition
of L-Carnitine into balanced rations increases live
body weight gain (Rabie et al. 1997a) and decreases
abdominal fat ratio (Buyse et al. 2001; Xu et al
2003) while other studies indicated that the
addition of L-Carnitine has no impact on live
weight, feed utilization (Buyse et al. 2001, Lien and
Horng 2001) or abdominal fat percentage (Lien
and Horng 2001).

Although there are numerous studies regarding the
impact of Oregano leaves and its oil in particular in
the strengthening of antibacterial, antioxidant
properties, as an alternative growth factor, as an
antiseptic, anticoccidial and immune system
enhancer (Baratta et al.1998; Lambert et al. 2001; Si
et al. 2008) but the number of studies dealing with
the applicability of the oregano leaves powder and
its products for forced moulting are limited.
Keeping in view the above facts, current study has
been conducted to determine the impact of dried
Oregano and L-Carnitine alone or in combination
during the process of moulting when commercial
laying hens fed alfalfa flour or a concentrated feed
mix with low Na-Ca content as an alternative to
the conventional method in terms of viability,
stress, production parameters and metabolism.

MATERIAL and METHODS

1170 white laying hens of Lohmann LSL breed at
the age of 72 weeks were used in this study and
carried out in the poultry unit of Afyon Kocatepe
University Livestock Research Center (KUHAM).
The experimental protocols were approved by the
Animal Care and Use Ethical Committee at Afyon
Kocatepe University (147-2008). The concentrated
feed mix used during the adaptation and egg laying
periods and fed to the negative control group
during the trial period in the study were formulated
according to NRC (1994) (Table 1). The alfalfa and
Oregano used in the study were the products of
(izmir Oregano; Oreganum onites) in powder form.
L-Carnitine was used as a premix with 50.000 mg
L-Carnitine HCL per one kilogram. The study

435



comprised of 13 groups, one was negative control
group (K) and not subjected to forced moulting
and received no additional additives; 3 treatment
groups (Marbel:M, Alfalfa:4, Low Na-Ca: F) were
subjected to forced moulting methods and one of
which was subjected to feed withdrawal; the groups
subjected to forced moulting were given L-
carnitine (C) and dried oregano leaves powder (O)
as a feed additive alone (MC, AC, FC, MO, AO,
FO ) and together (MCO, ACO, FCO,) with 6
replicates in each group and 15 animals in each
replicate (Table 2). The birds were placed randomly
into an apartment type cage system with 5 animals
in each cage. During the forced moulting period
the moulting groups were subjected to light
restriction while the negative control group was
kept under the same environmental conditions
with no light restriction and ensured 16 hours of
light in their cages within the unit. Water was
provided ad /ibitum to all the groups during the trial.
The first 2 weeks of the trial was used for
adaptation and 22 days were used for the forced
moulting period. The moulting groups were given
100 ppm of L-carnitine HCI and 5% dried oregano
leaves powder separately and 50 ppm of L-
carnitine HCl and 2.5% dried oregano leaves
powder together. At the start of the study, all
animals were immunized with an oil-adjuvanted
inactivated vaccine against Newcastle Disease,
Infectious Bronchitis and Egg Drop Syndrome
Disease with a 0.5 cc intramuscular injection per
animal. These vaccines wetre obtained from MSD-
Intervet company.

Six animals from each subgroup were weighed on a
digital scale at the start of the moulting period as
well as 4 times during the trial and at the end of the
period, in total 6 times to determine their live
weights and the changes in live weight was
calculated. Feed consumption was determined by
weighing on the 11th and 22nd days of the
moulting period. After the 11t day of the moulting
period, the groups subjected to moulting with feed
withdrawal, (M groups) were given 40 grams of
barley per day, on the last day of the trial the
remaining amount of barley in the group feeders
were weighed to calculate barley consumption. Egg
yield (including cracked, broken and abnormal
eggs) was recorded daily during the moulting
period. During the study, mortality was recorded
on daily basis while moulting period viability and
vield period viability were calculated as percentage.

Blood samples were collected from 6 hens in each
group on the 11t and 220d days of the moulting
period. Malondialdehyde (MDA), Glutathione
(GSH) and antioxidant activity (AOA) were
determined for the collected samples according to
the methods described by Draper et al. (1980),
Beutler et al (1986) and Koracevic et al (2001)
respectively. The antibody titers of Newcastle

Disease were measured by Hemagglutination
Inhibition (HI) test in the 2log, 8HA unit for the
assessment of the impact of the humoral immunity
induced by vaccination, moulting methods and the
feed additives used and the results were recorded.
At the end of the moulting period 6 animals from
every group were euthanized by cervical dislocation
and their weights were measured and recorded.
The liver, spleen, full and empty stomach weights
of the cuthanized animals, digestive system were
weighed with a digital scale and intestinal lengths
were measured with the aid of a ruler. At the end
of the moulting period, Ca and P analyzes were
performed according to AOAC (1984) after
removing the right tibia bones from the euthanized
animals and removing the fat with ether extraction.
The feed used in the trial was analyzed according
to (AOAC 1984) (Table 2). Statistical analyzes of
the collected data was performed using one-way
analysis of variance in the J.M.PTM 5.0.1a (SAS
Institute Inc., A Business Unit of SAS 1989-2002)
package program. Tukey test was applied on the
data to assess importance.

RESULTS

The amounts of consumed moulting feed by the
trial groups (0-11. day;11-22. day) are indicated in
Table 3. While all the groups had a homogenous
distribution of live weight at the start of the trial, it
is noted that the live weights of groups which were
not subjected to moulting had not decreased at the
end of the trial whereas live weight loss had
incurred in the groups which were moulted (Table
4). Egg yield, cracked-broken eggs and abnormal
egg percentage values throughout the moulting
period (0-22. day) are shown in Table 5. When the
serum ND titers measured with HI from the blood
samples taken on day 11 and day 22 of the
moulting period were assessed, it was noted that
the antibody titers in the experimental groups were
not different from the titers of the non-moulted
hens (P> 0,05) (Table 6). The values for the organ
weights and the live weights of the animals
slaughtered at the end of the moulting period are
shown in Table 7. When the results of MDA, GSH
and AOA in the blood samples taken on the 11th
and 22nd days of the moulting period were
evaluated, it was discovered that there was no
significant difference between the MDA and GSH
values during both moulting periods and that in
terms of AOA levels, the values had decreased in
all moulting groups during both moulting periods
(P<0,05) (Table 8). Significant differences were
found between the percentages of Ca and P levels
of the right tibia bone specimens extracted from
poultry slaughtered on day 22 (P <0,05) (Table 9).
At the end of the twenty-two days moulting period,
differences between the mortality rates of the
groups were observed and the mortality rates were
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noted to be between 0% and 15.56% (P<0,05)

(Table 10).

The nutrient contents of the alfalfa flour used in
the experiment were 17.07% Crude Protein (CP),
19.79% Crude Cellusose (CS), 6.38% Crude Ash
(CA), 2.09% Crude Fat (CF) and 89.44% Dry

Table 1. Composition of the experimental diets, kg/ton

Matter (DM). The nutrient quantities of barley
were 13.78% CP, 4.46% CS, 3.15% CA, 3.13% CF
and 92.08% DM respectively.

Feedstuffs Control group (K)&Production period diets Low Na-Ca Diets (F groups)
Corn 371,81 381,33
Wheat 174,00 220,00
Sunflower meal % 36 CP 140,00 0,00
Sunflower meal %28 CP 0,00 150,00
Barley 0,00 30,00
Rasmol 30,00 90,00
Soybean meal %48 CP 34,00 94,00
Full fat soya 44,00 0,00
Canola meal 30,00 0,00
Corn bran 30,00 0,00
DDGS 30,00 0,00
Vegetable oil 10,00 0,00
DCP 18 6,74 7,50
Marbel Powder 89,00 20,00
Salt 3,50 0,00
L-Lysine HCI 1,10 1,15
DIL.-Methionine 0,70 0,92
Safizyme XP 20" 1,00 1,00
Karzyme P 500 0,65 0,60
Kavimix 23 15/5™* 2,50 2,50
Kavimix M 17 1,00 1,00
Analysed values

Crude protein% 16,47 16,88
Crude cellulose % 5,01 6,06
Crude ash % 12,54 6,93
Crude fat % 427 3,14
Dry Matter % 88,58 88,53
Calculated values

ME kcal/kg 2700,00 2700,00
Methionine%o 0,39 0,39
Lysine% 0,74 0,74
Ca% 3.66 1,10
Av. P% 0,35 0,37
Nao 0.19 0,06
CPo 0.24 0.04
Linoleic acid% 2,23 1,29

* Endo-1,4-beta-xylanase, Kartal Kimya, Turkey: 1.400.000 U
** Fitaz, Kartal Kimya, Turkey: 500.000 FTU/g

**Vitamin Premiks, Kartal Kimya, Turkey: Each 2,5 kg premix contains: Vitamin A: 12.000.000 IU, Vitamin Ds3:
2.400.000 IU, Vitamin E: 30.000 mg, Vitamin Ks: 2.500 mg, Vitamin By: 3.000 mg, Vitamin Bs: 7.000 mg, Vitamin Bg:
4.000 mg, Vitamin By :15 mg, Niasin: 40.000 mg, Ca-D-Pantothenate: 8.000 mg, Folic Acid: 1.000 mg, D-Biotine: 45 mg,
Vitamin C :50.000 mg, Choline CI. : 125.000 mg, Canthaxantin: 1.500 mg, Apo-Carotenoic acid ester: 500 mg

*H*¥Mineral Premiks, Kartal Kimya, Turkey: Each 1 kg premix contains: Manganese: 80.000 mg, Iron: 40.000 mg, Zinc:
60.000 mg, Cupper: 5000 mg, Iodine: 400 mg, Cobalt: 100 mg Selenium: 150 mg, include.
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Table 2. Experimental Groups

Groups Molting Method Feed Additives Method&Water
Group Group 0-11 day 11-22 day L-Carnitin Oregano Method Water
HCI
01 K Negatif Control No No No Ad-libitum
02 M Marbel powder Limited Barley No No withdrawal ~ Ad-libitum
03 MC Marbel powder Limited Batley 100 ppm No withdrawal ~ Ad-libitum
04 MO Marbel powder Limited Barley No %5 withdrawal Ad-libitum
05 MCO Marbel powder Limited Batley 50 ppm %2,5 withdrawal Ad-libitum
06 A Alfalfa powder Alfalfa powder No No No withdrawal —~ Ad-libitum
07 AC Alfalfa powder Alfalfa powder 100 ppm No No withdrawal ~ Ad-libitum
08 A0 Alfalfa powder Alfalfa powder No %5 No withdrawal ~ Ad-libitum
09 ACO Alfalfa powder Alfalfa powder 50 ppm %2,5  No withdrawal  Ad-libitum
10 F Low Na, Ca Low Na, Ca Feed No No No withdrawal — Ad-libitum
11 FC Low Na, Ca Low Na, Ca Feed 100 ppm No No withdrawal ~ Ad-libitum
12 FO Low Na, Ca Low Na, Ca Feed No %5 No withdrawal — Ad-libitum
13 FCO Low Na, Ca Low Na, Ca Feed 50 ppm %2,5 No withdrawal —~ Ad-libitum
Table 3. Feed Consumption of moult period (0-11 and 11-22. days)
0-11. days 11-22.days

Group N Mean SEM Mean SEM

K 6 131,982 1,29 105,712 3,97

M 6 21,03¢ 0,99 37,974 0,89

MC 6 26,85¢ 3,63 37,984 1,52

MO 6 23,98¢ 1,76 33,99de 1,55

MCO 6 23,60¢ 1,47 35,064 0,91

A 6 27,00¢ 3,06 29,03de 2,09

AC 6 23,27¢ 3,29 23,00¢ 3,31

A0 6 22,60¢ 2,49 22,51 1,85

ACO 6 30,47¢ 3,94 27,55de 2,35

F 6 107,670 4,69 64,15¢ 3,81

FC 6 108,32b 291 69,61bc 2,72

FO 6 104,08> 4,12 79,21 1,85

FCO 6 108,49 4,19 77,59> 1,57

p 0,000

a,b,c: Means with different superscripts in each row are significantly different
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Table 4. Body weight changes (g,%)

Group N Day | Day 11 Day 22 0-11. % . 0-22. %
K 36 1532,50 1663,06% 1622,78 8,52 +5,89
M 36 1547,92 1180,69¢ 1282,64¢<f 2344 S17,14
MC 36 148847 1120,69¢ 1259 4def 2471 15,38
MO 36 154472 1194,31¢ 1271,00¢f 22.68 14,61
MCO 36 1533,19 1162,50¢ 1214,72¢ 24,17 20,77
A 36 1540,28 1200,14¢ 1020,64¢ 22,08 33,74
AC 36 149944 1180,28¢ 1027,50s 21,29 31,47
A0 36 149597 1193,75¢ 1007,082 20,20 32,68
ACO 36 1487,92 1217,78¢ 1024,58¢ 18,16 31,14
F 36 1506,39 1440,69b 1345,00cde 4,36 10,71
FC 36 1557,50 1481,39b 1397,36bed -4,90 10,29
FO 36 1523,89 1480,97b 1513,75: 2,81 0,66
FCO 36 1517,78 1481,81b 1434,86b« 237 5,46
P 0,487 0,000 0,000

a,b,c,d,e,f,g: Means with different superscripts in each row are significantly different.

K:Control, M: Marbel powder, MC: Marbel powder +Carnitine, MO: Matbel powder +Oregano, MCO: Marbel powder
+Carnitine+Oregano A:Alfalfa, AC: Alfalfa+Carnitine, AO: Alfalfa+Oregano, ACO: Alfalfa+Oregano+ Carnitine F:Low
Na-Ca, FC: Low Na-Ca+ Carnitine, FO: Low Na-Ca+Oregano, FCO: Low Na-Ca+ Oregano+ Carnitine

Table 5: Egg production of moulting period (0-11 and 11-22.day)

0-11.day 11-22.day
Group Egg production Cracked and broken Abnormal  Egg Cracked and Abnormal egg %
Yo egg Y% egg Yo production %  broken egg %
K 64,44 21,322 4,75 65,982 19,622 0,922
M 12,53¢ 6,770 3,13 0,004 0,00¢ 0,00v
MC 12,73¢ 7,07 3,23 0,004 0,00° 0,00v
MO 12,83¢ 7,470 3,54 0,004 0,00° 0,00v
MCO 10,93¢ 6,17° 2,94 0,004 0,00¢ 0,00v
A 9,29¢ 5,96P 2,93 0,004 0,00¢ 0,00v
AC 8,49¢ 6,07° 2,53 0,004 0,00° 0,00v
A0 10,50¢ 6,770 3,13 0,004 0,00° 0,00v
ACO 9,19¢ 6,570 2,62 0,004 0,00° 0,00v
F 49,73b 22,71a 2,32 34,06be 16,4220 0,832
FC 47,48> 21,544 2,83 32,81¢ 16,13b 0,61ab
FO 42,83b 18,38 2,43 37,68> 16,974b 0,512b
FCO 44.36> 18,642 3,14 34,08be 14,99% 0,302
P 0,000 0,000 0.980 0,000 0,000 0,000

a,b,c: Means with different superscripts in each row are significantly different
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Table 6. Immune response after vaccination — ND titre values (HI; 2Log)

11.day 22.day

Group N Titre SEM Titre SEM
K 6 14,67 0,42 14,00 0,45
M 6 15,33 0,42 13,67 0,21
MC 6 16,00 0,32 14,40 0,25
MO 6 15,57 0,20 14,33 0,42
MCO 6 15,33 0,49 14,33 0,62
A 6 15,83 0,40 14,60 0,51
AC 6 14,66 0,84 13,83 0,54
A0 6 14,57 0,43 14,00 0,52
ACO 6 13,80 0,58 13,67 0,67
F 6 14,50 0,67 13,67 0,42
FC 6 14,66 0,56 13,17 0,40
FO 6 14,00 0,73 14,17 0,40
FCO 6 15,00 0,26 13,17 0,48
P 0,117 0,562

Table 7. End of moulting period (22. day) some organ parameters (% Body weight)

Live weight (g) % Liver %Spleen %Digestive %Full of stomach  %Empty %intestine lenght
weight weight sys.weight stomach

Group N Mean SEM Mean SEM  Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
K 6 1595,000 87,54 2,35 0,12 0,12 0,01 9,19 0,11 2,944 0,14 2,464 0,11 11,10 0,26
M 6 1320,000bc 31,09 2,010 0,10 0,14 0,01 11,19 0,68 4,71abe 0,18 3,49abe 0,10 11,72abcd 0,70
MC 6 1165,00¢de 55,38 2,062 0,12 0,15 0,01 12,92 0,42 4,954 0,11 3,65 0,04 13,42bcd 0,50
MO 6 1231,67bd 53,85 2,10 0,06 0,15 0,01 12,63 0,62 5,114 0,15 3,78 0,11 12,392bcd 0,71
MCcoO 6 1251,67bd 104,76 2,062 0,11 0,13 0,01 11,50 1,30 4,2]abed 0,43 3,18bed 0,26 11,78bed 0,61
A 6 968,33de 84,59 2,13 0,12 0,27 0,15 12,71 1,74 3,652bed 0,78 3,55 0,12 15,432 1,83
AC 6 944,17de 63,05 2,173 0,18 0,12 0,01 11,77 1,26 4,39abed 0,25 3,63 0,12 15,25 1,03
AO 6 902,50¢ 91,54 1,79> 0,14 0,10 0,01 11,06 0,92 4,32abed 0,21 3,654 0,16 14,862bc 1,09
ACO 6 970,32de 49,90 2,30 0,16 0,10 0,01 13,68 1,45 4,58abc 0,30 3,69 0,15 14,84abe 0,93
F 6 1319,17b¢ 35,60 2,78 0,15 0,12 0,01 10,95 0,65 3,663bed 0,15 2,70bed 0,11 12,62:bed 0,77
FC 6 1426,67¢ 43,62 2,46 0,13 0,12 0,01 9,22 1,21 3,48bcd 0,26 2,354 0,48 11,17bed 0,490
FO 6 1590,83¢ 57,31 2,713 0,08 0,12 0,01 11,81 0,46 3,43¢d 0,21 2,61<d 0,14 10,88 0,47
Fco 6 1516,67 60,13 2,64 0,09 0,13 0,01 10,29 0,33 3,25¢d 0,05 2,524 0,06 10,554 0,54
P 0,000 0,012 0,387 0,487 0,000 0,000 0,000

a,b,c,d,e:Means with different superscripts in each row are significantly different
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Table 8. Oxidant- antioxidant parameters

11.Day MDA (nmol/]) GSH (umol/1) AoA(mmol/lt)
Group N Mean SEM Mean SEM Mean SEM
K 6 16,25 2,42 13,55 1,23 28,78 6,50
M 6 1759 1,92 17,09 1,75 7.15b 229
MC 6 18,64 1,85 17,73 1,80 4,870 1,90
MO 6 1726 133 15,63 128 8,47 3,41
MCO 6 1837 1,70 14,88 1.4 7,700 2,61
A 6 1835 1,75 14,37 1,42 5,15b 1,00
AC 6 1718 1,51 12,45 1,04 716> 1,39
A0 6 19,03 2,35 15,03 2,06 7,920 3,49
ACO 6 16,93 1,77 15,60 1,90 9,294b 541
F 6 1662 1,60 12,97 141 10,504 0,17
FC 6 1588 1,73 16,61 1,94 23,253 5,48
FO 6 1251 1,59 14,70 122 17,410 5,96
FCO 6 1553 144 15,10 1,75 12,974 3,98
P 0,547 0,555 0,000
22.Day MDA (nmol/l) GSH (umol/1) AoA(mmol/lt)
Group N  Mean SEM Mean SEM Mean SEM
K 6 1472 0,36 17,31 0,64 27,48 5,37
M 6 1423 0,76 20,70 1,95 9,11k 1,51
MC 6 15,04 1,39 19,98 1,04 6,790 1,25
MO 6 15,52 1,35 23,23 1,37 8,75b 2,49
MCO 6 1417 1,50 20,40 2,01 5.91b 0,69
A 6 16,29 3,35 23,79 1,97 8,96P 2,97
AC 6 1562 2,33 2479 2,03 557> 0,48
A0 6 1514 0,97 23,20 1,60 7,200 118
YCO 6 14,68 1,32 22,80 1,56 6,510 1,25
F 6 1544 1,01 22,79 2,12 9,775 1,79
FC 6 15,14 0,87 20,38 1,27 11,495 3,98
FO 6 1296 0,37 21,47 2,56 11,465 4,96
FCO 6 1320 0,69 21,58 1,66 14,68 441
P 0,956 0,268 0,000

a,b: Means with different superscripts in each row are significantly different.

Table 9. Ca- P Levels of Tibial Ash

22.Day Ca % P %

Group N Mean SEM Mean SEM
K 6 15,952 0,10 8,762 0,11
M 6 14,182be 0,08 0,54¢<d 0,15

MC 6 14,212be 0,14 8,012be 0,04
MO 6 15,914b 0,15 6,62 0,22

MCO 6 13,27bed 0,24 8,174 0,00

A 6 14,302be 0,70 8,392 0,65
AC 6 11,214 0,27 8,242b 0,27
A0 6 12,13 0,48 8,15 0,08

ACO 6 12,91¢d 0,71 8,812 0,12
F 6 16,472 0,24 6,094 0,11
FC 6 14,912be 0,86 6,90bcd 0,39
FO 6 14,733b¢ 0,33 7,502bed 0,22

FCO 6 13,722bcd 1,34 7,702be 0,49
P 0,000 0,000

a,b,c,d: Means with different superscripts in each row are significantly different.
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Table 10. Mortality rate of groups (%o)

(0-22 day)
Group N Mean SEM
K 6 2,22bc 1,41
M 6 14,3920 3,62
MC 6 12,22abe 2,05
MO 6 8,89abe 2,81
MCO 6 10,002b¢ 5,64
A 6 10,002be 1,49
AC 6 12,22abc 1,11
AO 6 12,22abe 2,05
ACO 6 15,56 4,44
F 6 3 34abe 1,49
FC 6 1,11¢ 1,11
FO 6 0,00¢ 0,00
FCO 6 2,22bc 1,41
P 0,000

a,b,c,: Means with different superscripts in each row are significantly different.

DISCUSSION

Although literature content is available regarding
the assessment of hybrid, age, environmental
factors in forced moulting as well as yield
parameters for alternative forced moulting
methods and their impact on intestinal morphology
and microbiology, studies dealing with feed
additives in powder form supplemented in feed
during moulting are practically non-existant. In a
study in which feed containing 100%, 90% and
70% of alfalfa flour was used for nine days as
moulting material (McReynolds et al.,20006) it was
reported that the level of alfalfa flour consumption
remained at a rather low level during the moulting
period and in conclusion the poultry had
consumed a limited amout of alfalfa flour. In a
study carried out by Aygun and Yetisir (2014) was
reported that moulting feed consumption by
groups for which feed withdrawal was not applied
was between 63.57-72.83 g. In the presented study
it is evident that the feed consumption of the
alfalfa flour groups is less than this value whereas
the consumption of F groups is similar to the data
of the researchers. It is reported that the targeted

live weight loss of extensively used forced moulting
methods with feed withdrawal is 25-30% (Bell
1987, Brake 1992, Brake 1993). Ruszler (1998)
asserts that a successful moulting program must
incur a live weight loss in the range of at least
between 15-40%. The live weight loss of the
groups with feed withdrawal in this study ensured
during the 0-11 day moulting was recorded in the
range of 22.68 - 24.71% while the values recorded
for the groups with feed withdrawal and alfalfa
groups were in the range of 14.61% - 33%. The
acquired data indicates that the live weight loss
recommended by the researchers has been realized
in these groups. The values found in the groups
which had been given moulting feed with a low
Na-Ca content, namely 10.71%; 10.29%; 0.66%
and 5.46% were less than the values suggested by
the researchers. Bell and Kuney (1992) reported a
live weight loss of 24.5%-28.8% with poultry which
had been treated with feed withdrawal moulting.
These values are similar to the values calculated for
the M groups on the 11t day. It has been reported
that providing water and organic acid to animals
undergoing the feed withdrawal method did not
effect live weight loss and that during 9 days of
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moulting a live weight loss of 25%-26% had been
achieved in the groups (Kubena et al. 2005). In a
study carried out by Kucukyilmaz et al. (2003) with
white laying hens a live weight loss of 23.21% was
reported at the end of 8 days of fasting, the
percentage was 26.43% after 12 days of fasting and
32.66% at the end of 16 days of fasting. The live
weight losses in our feed withdrawal groups in the
level of 22.68%- 24.71% are commensurate with
the 11 day fasting period values. These values are
also similar to the research results of poultry
moulted by starving (Mc Cormick and
Cunningham 1984, Mc Cormick and Cunningham
1987, Hurwits et al. 1998). An assessment of the
live weight losses for 0-22 days of the study reveal
that the values for groups M and A were higher
than the values of 8.20%-15.00 reported by Biggs
et al (2003) for moulting groups based on maize
and wheat bran, they were similar to groups I and
FC and higher than the figures for groups FO and
FCO. It can be said that the differences between
the results are due to the different feeds used in the
moulting and the duration of the application.
During the 0-11 day period of the moulting in the
present study, live weight losses in the alfalfa flour
groups were found to be in the range of 18.16% -
22.08%. In a study in which alfalfa flour was used
in the form of pellets and powder as moulting
material (Landers et al. 2005b), a live weight loss
on the level of 15.2%- 23.3% was reported. The
difference is thought to be attributable to the
particle size of the alfalfa flour, the duration of the
moulting and environmental conditions. In a study
carried out by Kim et al. (2007), moulting feed
containing alfalfa at different rates was used in a
feed withdrawal method and live weight losses of
28.2% was reported for the feed withdrawal group
while the other groups achieved a live weight loss
of between 18.8% - 25.4%. These results are
similar to the values obtained on the 11t day for
groups M and Y in our study. At the end of the
twenty-second day it is concluded that our values
for groups Y were higher than the study data of the
aforementioned values while the values of groups I
were less. It can be constructeded that the
difference manifested at the end of the moulting
on the 22M day is due to the duration of the
moulting, moulting feed consumption and the
difference in the raw nutrient substance
composition of the moulting feed in terms of
groups F. The presented study results are
commensurate with the study findings in a
moulting study carried out using maize without
salt, P and added vitamins (Bell, 2005) in which
rather low live weight losses compared to the
losses incurred by classical feed withdrawal method
were reported. Although the live weight losses
incurring on the 227 day in groups F and FC and
the values indicated for the 3 and 4% weekends of
the same study are similar, the values recorded for

groups supplemented with thyme display a
difference. Based on these data, it is considered
that the negative effect of a salt-free diet on live
weight is eliminated with the addition of Oregano.
When the percentage of liver weight in the study is
evaluated, it is evident that the percentage of liver
weight in group AO is significantly lower. This
result is consistent with the results reported by
Donalson et al. (2005) that the percentage of liver
weight reported in groups consuming alfalfa flour
was significantly lower than the percentage of liver
weight noted in the control group in studies in
which alfalfa was used as a moulting material on
vatious levels. The findings of the researchers that
a difference is not formed between the groups in
terms of the percentage of spleen weight are similar
to those of the researchers.

An examination of the egg vyield during the
moulting period of the study revealed that egg
yields were similar between the alfalfa groups and
the feed withdrawal groups and significantly lower
than the figures for groups F. The results for
groups I are consistent with the yields for groups
without feed withdrawal reported by Aygun and
Yetisir (2014) while the results for groups .4 were
different. It is believed that the diffeent egg yield
values manifested in the trial are due to the variety
of the moulting feed and difference between
consumption. Szabo et al. (2005) reported that
relative liver weight decreased strikingly at the end
of 12 days of fasting while tissue MDA levels
increased significantly due to membrane lipid
degradation. Sandhu et al. (2007) carried out a
study which assessed the immunological impact of
feed withdrawal moulting and Zn induced
moulting programs and reported that Zn
supplementation enhances the humoral immune
response. In another study conducted by Alodan
and Mashaly (1999), in which the immunological
effects of moulting were evaluated, it was
concluded that using alternative methods and feed
additives did not affect the immunological
response induced by vaccination and that similar
titers were observed in non-moulted animals.

It has been concluded that alternative moulting
applications have a lesser negative impact on bone
mineral concentration and density compared to
starving methods (Mazzucco and Hester 2005). Ca
and P percentages for the tibia have been assessed
in the present study and it is evident that the
moulting method and feed supplements used have
had an impact on the amount of these minerals.
When a comparison of the bone Ca amounts of the
feed withdrawal groups and the alfalfa flour groups
during the moulting period, in view of the findings
of the trial, it is evident that the deposits in group
AC are lower than the amounts of the feed
withdrawal groups and groups 4,40 and ACO. In
view of these data it can be asserted that the
addition of L-Carnitine alone to alfalfa flour groups
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had a decreasing impact on Ca deposits.
Furthermore, bone Ca deposits were found to be
similar in the groups with feed withdrawal and low
Na-Ca ration consuming groups. In terms of
phosphorus deposition, it was concluded that the
value measured in the L-Carnitine supplemented
group (MC) is similar to the alfalfa flour groups
and control group. The addition of Oregano alone
seems to have significantly reduced the P
deposition in the feed withdrawal group (MO) and
in the feed withdrawal group without feed
supplementation (). Hence, it can be concluded
that the addition of L-Carnitine in group M has
increased the P deposit.

At the end of the 22-day moulting period,
differences between mortality rates of the groups
were observed, mortality rates were between 0%
and 15.56%. When these rates are compared with
the mortality rates reported by Biggs et al. (2004)
for programs without feed withdrawal (0-2.4%) it is
evident that this value range is commensurate with
the results for groups FC, FO and FCO and
considerably less than the results for group IF and
the alfalfa flour groups. When the results are
compared with the mortality values reported by
Petek (2001) for groups without feed withdrawal it
is evident that the results for groups FC, FO and
FCO are low whereas the values for group I' and
the alfalfa flour groups are higher than this value.
The results of the study are not commensurate
with those of Aygun and Yetisir (2014), which
indicated that there was no difference between the
mortality rates of the groups without feed
withdrawal. This result suggests that the group feed
consumptions during the moulting period could
have been insufficient. Kucukyilmaz et al. (2003)
reported that the viability of white laying hens
which had been subjected to different fasting
periods was 90.68% in group K during the yield
period and between 92.29% and 94.73% in the
experimental groups. These values are less than the
values reached in the study. This may be due to the
fact that the poultry used in the study have a lower
yield age.

The study concluded that the feed consumption of
M groups in the study were similar to group K and
differed from the report that manifested increased
feed consumption of white layer hens which had
been moulted by the application of different
periods of fasting (Kucukyilmaz et al. 2003).
Molino et al. (2009) carried out a study comparing
the efficiencies of feed withdrawal programs and
feed restriction programs and concluded that the
group averages were similar in terms of feed
consumption.

CONCLUSION

In the light of this data, it can be said that
qualitative feed restriction with alfalfa flour causes

more than 30% of live weight loss and causes more
weight loss than the live weight loss obatined with
the 11-day conventional feed withdrawal method.
It is safe to say that because of ongoing egg-laying,
a 22 day moulting period is not adequate when feed
with low Na-Ca is used as a moulting material. In
this application, it can be said that the addition of
Oregano inhibits the loss of live weight and it may
be more beneficial not to use it. A review of the
viability during the moulting period indicates that
feed supplements had a positive impact on the
viability of M groups and that the application of
alfalfa flour and feed withdrawal method had a
similar mortality. The forced moulting methods
used in the trial did not have an impact on the
immune response induced with vaccination against
Newcastle disease. As a result it is concluded that
using alfalfa flour supplemented with various
additives as an alternative to the feed withdrawal
method and that adding L-Carnitine and Oregano
together into alfalfa flour has a positive impact on
performance in terms of animal welfare.
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Endistri gelisimine baglt ortaya ¢ikan ve artarak devam eden agir metal kirliliginin siit ve siit Grtinlerine bulasmast dogrudan
ve dolayll yollardan olabilmektedir. Bu ¢alisma, Afyonkarahisar ilinin bazi bélgelerinden toplanan manda sitlerinin
kaynatilmasi ile elde edilen kaymak ve kaymakalti siitlerinde olast agir metal varliginin ICP-MS cihazt ile aragtirilmast
amaclanmustir. Afyonkarahisar ilinin bes farkli bolgesinden toplanan elli adet siit 6rnegi 200 mI’lik cam kavanozlara alindi.
Stt numunelerinin laboratuar ortaminda behetler icinde kaynatilmast ile kaymak ve kaymakalt stitleri elde edildi. Yas yakma
yontemiyle numuneler ¢6ziintrlestirildikten sonra agir metal miktarlart ICP-MS cihaziyla tayin edildi ve sonuglar literattr
bilgileriyle karsilastirilarak degerlendirildi. Arastirmada kaymaktaki ortalama krom (Cr), mangan (Mn), demir (Fe), kobalt
(Co), nikel (Ni), bakir (Cu), ¢inko (Zn), arsenik (As), selenyum (Se), molibden (Mo), giimiis (Ag), kadmiyum (Cd), baryum
(Ba) ve kugun (Pb) degetleti strastyla: 0,36 mg/kg, 0,56 mg/kg, 2,72 mg/kg, 0,08 mg/kg, 0,65 mg/kg, 0,09 mg/kg, 8,27
mg/kg, 0,14 mg/kg, 0,94 mg/kg, 0,00 mg/kg, 0,00 mg/kg, 0,00 mg/kg, 0,17 mg/kg, 0,01 mg/kg; kaymak alt siitinde ise
0,02 mg/L, 0,13 mg/L, 0,52 mg/L, 0,02 mg/L, 0,12 mg/L, 0,02 mg/L, 2,37 mg/L, 0,04 mg/L, 0,17 mg/L, 0,04 mg/L,
0,00 mg/L, 0,00 mg/L, 0,13 mg/L, 0,01 mg/L duzeylerinde tespit edildi. Sonu¢ olarak manda siitlerinden elde edilen
kaymak ve kaymakalti sitlerinde insan sagligi acisindan zararlh olabilecek bir agir metal kontaminasyonun bulunmadigt
gorildi. Bu ¢aligma agir metallerin kaymakalt: stitinden ziyade kaymakta goriilmesi nedeniyle kaymak yapiminda kullanilan

stitlerin agir metal yonitinden risk olusturmamasi icin siitlerin kontaminasyonlarinin 6nlenmesinin 6nemini géstermektedir.
Anahtar Kelimeler: Afyonkarahisar, Afyon Manda Kaymagi, Agir Metal, ICP-MS, Kaymakalt: Stti.

Investigation of Some Heavy Metals with ICP — MS in Afyon Buffalo Kaymak and Skimmed Milk

ABSTRACT

According to industrial development heavy metal pollution affects milk and milk products directly and indirectly. It was
aimed to evaluate occurrence of heavy metal in kaymak and skimmed milk, produced from boiled Anatolian buffalo milk
and obtained from Afyonkarahisar, measurement performed by means of ICP-MS. Totally 50 milk samples were collected
from 5 different regions of Afyonkarahisar. To get kaymak and skimmed milk, samples were boiled in beakers under
laboratory circumstances. Samples were dissolved according to wet digestion method afterwards quantity of heavy metals
were determined by ICP-MS and obtained results were compared with literature values. In the study, average values of
chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), arsenic (As), selenium (Se),
molybdenum (Mo), silver (Ag), cadmium (Cd), barium (Ba) and lead (Pb) wete determined in clotted cream: 0,36 mg/kg,
0,56 mg/kg, 2,72 mg/kg, 0,08 mg/kg, 0,65 mg/kg, 0,09 mg/kg, 8,27 mg/kg, 0,14 mg/kg, 0,94 mg/kg, 0,00 mg/kg, 0,00
mg/kg, 0,00 mg/kg, 0,17 mg/kg, 0,01 mg/kg; in skimmed milk: 0,02 mg/L, 0,13 mg/L, 0,52 mg/L, 0,02 mg/L, 0,12
mg/L, 0,02 mg/L, 2,37 mg/L, 0,04 mg/L, 0,17 mg/L, 0,04 mg/L, 0,00 mg/L, 0,00 mg/L, 0,13 mg/L, 0,01 mg/L
respectively. Kaymak and skimmed milk obtained from Anatolian buffaloes milk did not have heavy metal contamination
that may be harmful to human health. This study shows the importance of preventing heavy metal contamination of milk
used for making kaymak because this contamination is important in kaymak than skimmed milk
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GIRIS

Kaymak, Tirkiye’ye has geleneksel bir Griin olup en
iyi kaymak yag orani vyiksek, kuru madde
bakimindan zengin ve kaymak baglama yeteneginin
yiksek olmast  sebebiyle manda sitinden
yapilmaktadir. Kaymak; kadayif, baklava gibi tatlilar
Uzerine konulup stsleme ve tat verme amaciyla
yenilmesi yaninda kahvaltilarda da tiiketilmek tzere
degisik sekilde ve ambalajlar icerisinde sunulan bir
urindir (Akalin ve ark., 2000).

Cesitli stit trtnlerinin Gretiminde 6nemli bir kalite
kriteri olan stt yagi Turkiye’de bazi yOresel siit
triinlerinin Gretiminde kaymak yapiminda kullanilir.
Ozellikle Afyon, Edirne, Kocaeli, Istanbul, Bursa,
Ankara illerinde genellikle kii¢tk aile isletmelerinde
uretilir ve "Lile Kaymag" olarak sattlir (Kurt ve
Ozdemir, 1988 ; Con ve ark., 2000). Ayrica kaymak
Afyon yoresinde lokumun icerisine sarilarak
kaymaklt lokum seklinde tiketilmektedir (Adam,
1971). Kaymak dUretiminde gesitli hayvan sitleri
kullanidmakla birlikte daha ¢ok manda sutii tercih
edilir. Manda sitinin yag ve kuru madde
miktarinin yitksek olmast ve yag renginin de beyaz
olmast kaymak dretiminde tercih edilmesinin
baslica nedenidir (Tekinsen, 2000).

Atmosferdeki degisik gaz ve parcaciklarin fazlaligy,
fabrika bacalarindan ¢ikan hava kitleticiler ve
atiklart toprak ve bitki verimliligine olumsuz etkide
bulunmakta ve bitkilerle beslenen insan ve
hayvanlari olumsuz yonde etkileyebilmektedir.
Ozellikle yirminci yiizyihn ikinci yarisinda endiistri
gelisimine bagli olarak ortaya ¢ikan ve artarak
devam eden hava ve agir metal kirliligi artmis olup
glinimizde butin canhlar Uzerinde tehdit
olusturmaktadir (Zheljazkov ve Nielsen, 1996).
Agir metal grubuna kursun (Pb), kadmiyum (Cd),
demir (Fe), kobalt (Co), bakir (Cu), nikel (Ni), civa
(Hg) ve cinko (Zn) basta olmak tzere 60’tan fazla
metal dahildir (Kahvecioglu ve ark., 2003).
Zehitleyici Ozellige sahip agir metaller cesitli
kaynaklardan cevreye yayilmakta ve giniimizde
cevre kirliliginin  6nemli nedenlerinden  birini
olusturmaktadir (Goyer, 1991). Su, toprak ve
havanin kirlenmesiyle birlikte ekolojik dengenin
bozulmast sonucu gida maddelerine gecen agir
metaller insan saghigini tehdit etmekte ve bu gelecek
kugaklara da gecebilmektedir. Agir metallerin siit ve
st Urtinlerine bulasmasy; siit triinlerinin sagildig
kaplar, stut tastmada kullanilan tanklar, sit
triinlerinin  hazirlandig  ortamlar gibi dogrudan
olabilir. Ya da farklt kaynaklardan cevreye bulagsan
atiklarin agir metal igeriklerinin hayvanin tiikettigi
yeme ulasmasi, hayvanin ictigi su, soludugu hava
gibi dolayli yollardan da olabilir.

Yapilan bu c¢alisma ile Afyonkarahisar’da bulunan
bazi bolgelerden toplanan manda  siitinin
kaynatilmast ile elde edilen kaymak ve kaymakaltt
stutlerinde agir metal varliginin ICP-MS cihaz: ile
arastirilmast amaclanmistir.

MATERYAL- METOT

Orneklerin alinmast

Manda sitleri, Afyonkarahisar il ve ilcelerinden 5
farkli bolgeden toplam 50 adet cam kavanozlara
200 ml olarak toplandt. Stt 6rneklerinin alindigi ve
kaymak dretimi yapilan malzemeler 1:1 HNO;
¢Ozeltisinde 12 saat bekletildikten sonra ultra distile
su (ELGA DV 25) ile yikand1 ve kurutuldu.

Kaymak Uretimi

Sttler toplandiktan sonra bekletilmeden beherlerde
bek tzerinde yaklagitk 30 dk sire ile 95°Clye
gelinceye kadar 1sitildi.  Isitma islemi sonrast
beherler oda sicakliginda 1-2 saat sogumaya
birakilarak ardindan +4 9C’de 12-14 saat bekletildi.
Sire sonunda olusan kaymak tabakast yine cam
kavanozlara alind1.

Orneklerin Hazirlanmast

Kaymak ve kaymakalt sitd  Orneklerinin
¢oztimleme islemleri icin kapali sistem mikrodalga
yakma metodu kullanildi. Sineo MDS- 10 marka
mikrodalga kapali sistemde HP-100 teflon kaplar
kullanddi. Kaymakalt1 siiti 6rnegi igin; her bir
teflona 6nce mikropipet yardimiyla siit 6rneginden
2 ml alind1 ve Gzerine 8 ml % 65’lik HNO3 eklendi
tzerine 1 ml %30’luk H>O; eklendikten sonra 15-
20 dk bekletildi. Teflon kaplarin kapaklari
sikistirtlarak ¢éziindirme islemi icin 130 ¢ C ‘de 10
dk, 150 °C 5 dk ve 180 °C’de 10 dk seklinde yas
yakma cihazinda yakma islemi uygulandi. Kaymak
ornegi i¢in; 6nce 0,5 g kaymak hassas terazide
tartilarak teflon kaplara alindi ve tzerine 6 ml
HNO:s eklendi. 15 dakika 6n muameleden sonra 3
ml HNO; ve uzerine 1 ml HxO, eklendi.
(Cozuntrlestirme icin yas yakma cihazinda 130
0Cde 10 dk, 150 °C’de 5 dk, 180 °C’de 15 dk
seklinde sicaklik dereceleri ayatlanarak yas yakma
yontemi uygulandi.

ICP - MS ile Olgiim

Cozunitrlestirme islemi sonrast oda sicakhiginda
sogutulan  kaplarin  kapaklari  acildiktan sonra
teflondan ¢Oztinmis ¢ozeltiler 50 mllik balon
jojelere alindt. Cozeltiye 50 ml ultra distile su
eklenerek seyreltme islemi gerceklestirildi ve
Ornekler plastik tiplere alindi. Daha sonra 6rnekler
25/0,45 um’lik filtrelerden (econofilter) stizildi ve
okuma islemine kadar buzdolabinda +4 °C’de
bekletildi. Metal kontaminasyonunu  6nlemek
amactyla Orneklerin - ¢ézindurilmesi  esnasinda
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kullanilan tim malzemeler, HNO; (1:1) ve ultra
distile su (1/9)dan  gecirildi. Agir metal
analizlerinin gerceklestirilmesi i¢cin Agilent 7700 seri
ICP-MS cihazt kullanidd:.

BULGULAR

Toplanan siitlerden elde edilen kaymak ve
kaymakaltt ~ siitlerinin =~ minimum, maksimum,
ortalama ve standart sapma degerleri Tablo 1’de
verilmistir. Buna gére Ag ve Cd kaymakta ve
kaymakalt: sttiinde tespit edilebilir degerin altinda
bulundu. Manda siitliinden elde edilen kaymaklarin
hicbirisinde Mo agir metali tespit edilmedi fakat
kaymakalt: stitinde Mo varligi tespit edilmistir. Cr,
Mn, Fe, Co, Ni, Cu, Zn, As, Se, Cd, ve Ba
kaymaktaki ortalama degerleri kaymak alt1 siitiine
gbre daha fazla oldugu tespit edildi. Pb kaymakta
ve kaymak alt1 siitinde ortalama degerleri aynt iken
standart sapma ve maksimum degeri kaymak alt:
sutiinde daha yiiksek oldugu gorildi.

TARTISMA ve SONUC

Aragtirmada elde edilen bulgular incelendiginde Cr
degetlerinin kaymakta 0,36 mg/kg ve kaymakalt
sutinde 0,02 mg/L olarak tespit edildi. Soylu ve
Temiz (2011) Samsun bélgesinde yaptiklar
calismada sigir sit 6rneklerinde Cr’u 0,03 mg/kg
olarak bulmuslardir. Oksiiztepe ve ark. (2013), 25
¢Okelek ve 25 kurut olmak tzere toplam 50
numuneden olusan calisgmalarinda Cr seviyelerini
cokelekte 0,06 mg/kg ve kurut 6rneklerinde 0,09
mg/kg olarak saptamuslardir. Her iki calismadaki Cr
miktarlar1  yapilan  ¢aligmada elde  ettigimiz
kaymaktaki degerden disiik; kaymakaltt stti
Orneklerinin degerlerinden yiitksek oldugu gorildi.
Aslam ve ark. (2011), Pakistan’da yaptiklar
calismada ke¢i ve sigir sitlerindeki agir metal
varligint mevsimsel olarak incelemisler ve toplamda
hayvanlarin sttlerinde Cr miktarlarint kegilerde
1,277 mg/L, sigirlarda 1,199 mg/L olarak yiksek
seviyelerde bulmuslardir. Bunun sebebinin toprak
yapist, otlaklarin sanayi bolgelerine yakin olmasi ve
sitin elde edilmesi sirasinda meydana gelen
kontaminasyonlardan olabilecegini belirtmislerdir.
Ayni yoénde Temurci ve Giiner (2006), sitte Cr
ortalama degerini 1,02 mg/kg ve peynirde 2,60
mg/kg olarak bulmuslardir. Sut ve peynirdeki
yiksek degerlerdeki Cr'un siit ve peynir Gretiminin
mubhafazasinda kullanilan kaplardan
kaynaklanabilecegini disunmuslerdir.
Afyonkarahisar’da manda kaymak ve kaymakalt:
sutlerinde 6nemli bir Cr Kkirliliginin  olmadig
sOylenebilir.

Kaymakta Mn 0,56 mg/kg, kaymakalt sttiinde
0,13 mg/L olarak tespit edildi. Samsun’da sanayi

emisyonlarinin yore sigir sutlerinin  agir metal
icerigine etkisinin arastirlldigt calismada Mn’in
ortalama miktari 0,048 mg/keg olarak bildirilmistir.
Enb ve ark. (2009), manda ve inek sitd ile
yaptiklari ¢alisgmada manda sttlerinde Mn miktarint
0,076 mg/kg inck sutlerindeki Mn miktarint ise
0,056 mg/kg olarak tespit etmislerdir. Ayni
calismada cesitli siit driinlerinden kaymak, tereyag
gibi sit drinlerinde Mn miktarlart en ytksek
tereyaginda 0,316 mg/kg, kremada ise 0,234 mg/kg
olarak tespit etmislerdir. Bu c¢alismamizdaki
bulgular dikkate alindiginda kaymakta tespit edilen
Mn degerlerinin bu c¢alismalardan ytksek oldugu
goriilmektedir. Oksiiztepe ve ark. (2013), yaptiklart
calismada ise Elazig’da tiiketime sunulan ¢okelek ve
kurut orneklerinde ¢okelekte 0,41 mg/kg kurutta
1,25 mg/keg duzeyinde Mn oldugunu tespit
etmislerdir. Bu calismada bulunan degerler yapilan
¢alisma ile uyumlu gérilmektedir.

Elde edilen bulgular Fe yoniinden incelendiginde
kaymakta 2,72 mg/kg ve kaymakalt sutinde 0,52
mg/L olarak tespit edildi. Temurci ve Giiner
(2006)’in Ankara’da siit ve beyaz peynitlerde agir
metal kontaminasyonu tzerine yaptiklart ¢alismada
sttte ortalama Fe degerini 52,19 mg/L ve peynir
numunelerinde 62,56 mg/kg olarak bulmuglardir.
Yal¢in ve Tekinsen (2010) beyaz salamura, tulum
ve kagar peynirlerinin Fe iceriklerini sirasiyla 17,47
mg/kg, 14,18 mg/kg ve 1542 mg/kg olarak
saptamuglardir. Bu  ¢alismalardaki  yiksek Fe
degerlerinin topraktaki demir iceriginden, trlinlerin
metal kaplarda muhafaza edilmesinden ve elle
yapilan sagimdan kaynaklanabilecegini
soylemiglerdir. Ozl ve ark. (2012), taze ve
olgunlasmis kasarlarda Fe degerlerini sirastyla 1,71
mg/kg ve 1,49 mg/kg olarak bulmuglardir. Soylu
ve Temiz (2011), sigir siitlerinde ortalama Fe
miktarini 0,39 mg/kg olarak tespit etmislerdir. Bu
calismalar sttte ve siit Grinlerinde Fe degetlerinin
farklt miktarlarda olabilecegini gstermekle birlikte
yapilan ¢alisma ile uyumlu olarak siitten ziyade siit
trtinlerinde  Fe’in - daha  yiksek  oldugunu
gostermektedir.

Kaymakta Co 0,08 mg/kg ve kaymakaltt stitinde
0,02 mg/L olarak tespit edildi. Kilicel ve ark.
(2004), otlu lorlarda Co igerigini ortalama 0,29
mg/kg, Benincasa ve ark. (2008) ise manda stttinde
Co ortalama degerini 2,10 pug/kg ve inek sutinde
1,44 ng/kg olarak bulmuglardir. Her iki calismadaki
Co degertleri yapilan c¢alismada elde edilen
degerlerden yiiksek bulunmustur. Co degetlerinin
yapilan calismada dusiik olmast insan sagligt
actsindan olumlu bulunmaktadir.
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Tablo 1. Toplam Kaymak ve Kaymakalti Sutinde Agir Metal Duzeyleri (mg/kg, mg/L)
Table 1. Heavy Metal Levels in Total Kaymak and Scimmed Milk(mg / kg)

Cr Mn Fe Co Ni Cu 7Zn As Se Mo Ag Cd Ba Pb

X+Sx  0,36+048 0,56+0,69 2,72+3,57 0,08+0,08 0,65+0,66 0,0910,31 827+12,70 0,14+0,15 0,94+1,18 0,00+0,00 0,0040,00 0,00+0,00 017+0,10 0,01%0,02

min 0,00 0,00 0,00 0,00 0,00 0,00 0,59 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Kaymak

max 1,23 2,27 9,29 0,23 1,77 1,79 81,51 0,51 2,77 0,00 0,00 0,02 0,40 0,12

> > > > > > >

X£Sx  0,02+0,04 0,13+0,17 0,52+0,79 0,02+0,03 0,12+0,15 0,02+0,11 2,37£222 0,04+0,05 0,17+0,27 0,04+£0,08 0,00£0,00 0,00£0,00 0,13£0,07 0,01£0,03

f—: min 0,00 0,00 0,00 0,00 0,00 0,00 0,34 0,00 0,00 0,00 0,00 0,00 0,02 0,00
s g
£ 3
Q max 0,16 0,47 2,96 0,07 0,42 0,81 9,28 0,16 0,71 0,26 0,00 0,00 0,29 0,22
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Kaymakta Ni 0,65 mg/kg ve kaymakalt sttinde
0,12 mg/L olarak tespit edildi. Aslam ve ark.
(2011), keci ve sigir siitlerinde Ni degerlerini
strastyla 20,402 mg/L ve 22,394 mg/1. dizeylerinde
cok yiksek miktarlarda saptamuslardir. Bunun
sebebinin endistriyel kirlenmeye bagl olarak
topraktaki Ni miktarinin artmast ve kullanidan
sulara  bulasmasi  sonucu  olabilecegini ileri
stirmekteditler. Bu ¢alismanin aksine yapilan bircok
calismada Ni degerlerinin disik oldugu gorildi.
Kiligel ve ark. (2003), Van’da uretilen otlu lorlarda
Ni degerini 0,11 mg/kg, Ozlii ve ark. (2012), taze
kasarda 0,26 mg/kg, olgunlasmis kasarda 0,30
mg/kg, Soylu ve Temiz (2011), sigir sttlerinde
ortalama Ni 0,49 mg/kg olarak bulmustur. Yal¢in
ve Tekingen (2010) ise beyaz salamura, tulum ve
kagar peynitlerde her birinden 30’ar 6rnek olmak
tzere toplamda 90 6rnek tzerinde galismis ve Ni
degetlerini sirastyla 0,49 mg/keg, 0,65 mg/kg ve
0,43 mg/kg olarak bulmuslardir. Buldugumuz
degerler bu aragtirmacilarla  benzer sonuglar
tasimaktadir.  Turk Gida  Kodeksi, Gida
Maddelerinde  Belitli Bulaganlarin  Maksimum
Seviyelerinin  Belirlenmesi Hakkindaki Teblig’de
(Turk Gida Kodeksi, 2002) kaymak ve kaymak altt
stutiindeki Ni  hakkinda  bir sinirlama
bulunmamaktadir.

Yapilan ¢alismada Cu degerleri incelendiginde
kaymakta 0,09 mg/kg olarak ve kaymak alt
sutinde 0,02 mg/L olarak tespit edildi. Soylu ve
Temiz (2011)’in yapug calismada Cu miktart
ortalama degerini 1,08 mg/kg olarak bulmustur.
Oksiiztepe ve ark. (2013), ¢okelek ve kurut
orneklerinde Cu miktarlarint ¢okelekte 1,13 mg/kg
ve kurut Orneklerinde 2,44 mg/kg olarak
bulmuglardir. Ankara’da yapilan bir c¢alismada ise
Cu miktar sttte 4,30 mg/kg olarak saptanmistir.
Cu miktarindaki bolgesel farkliliklart sanayi ve
otoyol vyakinligi ve bakirin mantarlara  kars
kullanilmasindan dolayr tarim ilaglarindan  siite
gecebilecegini seklinde belirtmislerdir (Temurci ve
Giner, 2000). Yalgin ve Tekinsen (2010) Cu
degerini beyaz salamura 1,44 mg/ke, tulum
peynirinde 1,06 mg/kg, kasar peynirinde 1,35
mg/kg olarak bulmusglardir. Bulunan bu degetlerin
peynir yapiminda kullanilan ekipmanlardan, tarim
ilaclarinda  kullanllan  Cu’in  hayvanin  yedigi
yemlerden kaynaklanabilecegini belirtmislerdir.

Kaymakta Zn 8,27 mg/kg ve kaymakalt sttinde
2,37 mg/L olarak tespit edildi. Kilicel ve ark.
(2003), otlu lorlardaki Zn ortalama degerini 29,9
mg/kg bulmuslardir. Yalcin ve Tekinsen (2010)
beyaz salamura ve tulum ve kasar peynitlerinde Zn
degetlerini sirastyla 15,35 mg/kg, 15,96 mg/kg,
27,15 mg/kg olarak bulmustur. Oksiiztepe ve ark.
(2013), Zn c¢okelekte 4,19 mg/kg ve kurut

orneklerinde de 9,66 mg/kg bulmuglardir. Soylu ve
Temiz (2011) ise Tekke ilcesi koylerinden elde
edilen sit 6rneklerinde ortalama ¢inko miktarint
13,33 mg/kg bulmusglardir. Enb ve ark. 2009
manda ve inek sttleri toplayarak siit triinleri elde
edip yaptiklart agir metal analizinde sitte Zn
degerini 4,350 mg/kg, yogurtta 4,059 mg/kg,
kremada 19,570 mg/kg ve tereyaginda 29,363
mg/kg olarak tespit etmislerdir. Bu ¢aligmalardaki
Zn degetleri yapilan calisma ile uyumludur. Sanl
(2002), endistriyel bolge atmosferinde bulunan
cinkonun oldukea yitksek olabilecegini ve element
halinde bulunan ¢inkonun zehirli olmadigint
bildirmisgtir. Zn’nun otomotiv, azotlu gibreler,
cam, ¢imento, metal, petrol, plastik - sentetik
madde, termik enerji ve gelik endiistrisi vb. genis
bir kullanim alant vardir (Kiciikoglu, 1996). Siitteki
kontaminasyon  sutin  sagildigi  kaplardan
kaynaklanabilecegi gibi ¢evresel kontaminasyondan
da kaynaklanabilir.

Kaymakta As degeri 0,14 mg/kg ve kaymakalti
siutinde 0,04 mg/L olarak tespit edildi.
Istanbulluoglu ve ark. (2013), yaptiklari calismada
actkta satilan sitte As’i ortalama olarak 0,5 mg/kg
olarak bulmuslardir. Acikta satilan sttlerdeki As
miktarinin  yitksek olusunu hijyen kosullarina
uyulmamasinin bir sonucu olabilecegini
bildirmislerdir. Ayar ve ark. (2007), Konya’da stit ve
stt driinlerinin agir metal kontaminasyonu tzerine
yaptiklari calismada As’i 0,146 mg/kg olarak en
yiksek tereyaginda bulmuslardir. Aslam ve ark.
(2011), keci ve sigir sitlerinde As degerlerini
sirastyla 0.403 mg/L ve 0.078 mg/L diizeylerinde
saptamuglar. Tirk Gida Kodeksi (2002), gidalarda
As’in limitlerini 0,1 — 1 mg/kg olarak bildirmistit.
Arastirma sonucu incelendiginde bulunan degetler
bu smirin iginde oldugu goérilmektedir. As ile
maruziyet volkanik patlamalar ve yeralt: sulart gibi
dogal nedenlerden olabilecegi gibi ahsap koruma,
pestisitler, yakitlarin yakilmasi gibi antropojenik
nedenlerden kaynaklanabilir (Giiven ve ark., 2004).

Kaymakta Se 0,94 mg/kg ve kaymakalt sttinde
0,17 mg/L olarak tespit edildi. 1stabulluog1u ve ark.
(2012), cesitli sit ve Urlinlerinde yaptigi calismada
Se degerini agtkta satilan kasarda 0,5 mg/kg olarak
bulmustur ve Selenyumun ¢evreye yayiniminin olast
yollardan birini de insan ve hayvanlarda gida
takviyelerinin =~ yogun  kullanimi  olabilecegini
sOylemislerdir. Ayar ve ark. (2007), cesitli siit ve
triinlerinde bazi agir metalleri incelemisler ve en
yiksek Se degerini 0,434 mg/kg ile tulum
peynirinde daha sonra en yiksek degeri 0,315
mg/kg ile tereyaginda tespit etmistir.

Mo diger metallerin aksine kaymakta tespit
edilmedi fakat kaymakaltt siitinde tespit edildi.
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Kaymakalti sutinde 0,04 mg/L olarak tespit edildi.
Mo’in nispeten distik toksisiteli oldugu ve bitkilere
topraktan gecebilecegi bildirilmistir (Ipek, 2003).
Benincasa ve ark. (2008), manda sttinde Mo
ortalama degerini 16,9 pg/kg ve inek sttlinde 29,0
pug/kg  olarak bulmuglardir. Mo’in  kaymakta
goriilmemesi sadece kaymakalti stitiinde goriilmesi
kaymagin Mo baglamadigini distindtirmustiir.

Ba kaymakta 0,17 mg/kg ve kaymakalt sttinde
0,13 mg/L olarak tespit edildi. Ba kullanim alani
oldukea genis bir metaldir ve bu nedenle dogada sik
olarak bulunabilmekte bitkiler vasitasiyla hayvanlara
gecebilmektedir. Yine ila¢ kalintilariyla Ba sttte
kontaminasyona neden olabilmektedir (Belitz ve
ark., 2009). Tip alaninda kullanimi da ¢evreye
yayiuminin s0z konusu olabilecegini
diisindiirmisstir (Sanl, 2002). Istanbulluoglu ve
ark. (2012), yapug bir calismada siitte baryum
icerigini ambalajli sutlerde 8,3 mg/kg olarak acikta
satilanlarda 1,7 mg/kg olarak bulmustur. Benincasa
ve ark. (2008), manda siitinde Ba miktarint 330
ug/kg ve inek sutinde 226 pg/kg olarak tespit
etmislerdir. ~ Buldugumuz  degerler  belirtilen
degerlerden daha dustik oldugu gorildi.

Toplam kaymaktaki ve kaymakaltt sttiindeki Pb
miktar1 0,01 mg/keg ve 0,01 mg/L olarak tespit
edildi. Soylu ve Temiz (2011) ortalama Pb degerini
stitte 0,04 mg/kg olarak tespit etmislerdir. Ozlii ve
ark. (2012) taze ve olgunlagmis kasar peynirlerde
Pb miktarint strastyla 1,60 mg/kg ve 2,25 mg/kg
olarak tespit etmislerdir. Bulduklari bu degerin stt
tretiminin yapildigy ciftlikler, peynir isletmeleri ile
satts yerlerinin sanayi kuruluslarina ve otoyollarina
olan mesafesiyle iliskili olabileceginin kanisina
varmuslardir. Ozcetin ve ark. (2013) anne siitiinde
agir metal analizi tzerine yaptiklari ¢alismada Pb
ortalama degerini 26, 71 pg/L olarak tespit
etmislerdir. Ayar ve ark. (2007) siit ve Urinlerinde
agir metal analizinde Pb miktarini siite gbre peynir,
yogurt cesitleri ve tereyaginda daha yiksek
bulmusglardir. Sitte 0,10 mg/kg, tereyaginda 0,11
mg/kg, stzme vyogurtta 0,13 mg/kg, kasar
peynirinde 1,10 mg/kg olarak tespit etmislerdir.
Peynirde Pb miktarinin yitksek ¢ikmasint ise Pb’un
kazein tarafindan baglanmasi nedeniyle
olabilecegini bildirmislerdir. Yal¢in ve Tekinsen
(2010) yaptiklari ¢alismada ortalama Pb seviyesini
beyaz salamura peynitlerinde 0,13 mg/kg, tulum
peynitlerinde 0,08 mg/kg ve kasar peynitlerinde
0,12 mg/ kg olarak tespit etmislerdir. Yapilan
calismada tim o6rneklerin Pb  bakimindan c¢ok
distik degerlere sahip olmasi nedeniyle bu agir
metal yoniinden saglik acisindan herhangi bir tehdit
olusturmayaca@i kanaati olusmaktadir.

Toplam  kaymak  ile  kaymakaltn  sitleri
karsilastirldiginda  ise Ag higbir kaymakta ve
kaymakaltt stitinde tespit edilmedi. Mo kaymakta
tespit edilmemisken kaymak altt siitlinde tespit
edildi. Diger tim agir metaller y6ninden
bakildiginda kaymakta kaymakalti sttine gore
yiksek oldugu goriilmektedir. Yapilan calismalarda
bazi agir metallerin enzimlerin silfhidril gruplarina
etki edebilecegini ve fosfolipidlerin yapisinda
bulunabilecegini  gostermektedir. Ornegin  Cu
metali yag globtl membranindaki proteinlerde
sttteki diger proteinlere goére daha ylksek bakir
icerdigi gbzlenmistir (Ylzbast ve Sezgin 2002).
Ayar ve ark. (2007), tarafindan gerceklestirilen siit
ve stt driinleri agir metal diizeyleri tizerine yapilan
bir calismada tereyagi agir metal diizeyi diger
uriinlere oranla yiksek ¢ktgr gorilmustir.
Calismamizdaki bulgular bu ¢alismalarla uyumluluk
gostermektedir. Enb ve ark. (2009) topladiklari inek
ve manda sitlerinin ve sitlerden elde ettikleri
Urtinlerin agir metal dizeylerini incelemislerdir.
Metal diizeyleri incelendiginde genel olarak siit ve
yogurda gore krema ve tereyagt gibi yagl trlnlerin
metal  diizeylerinin  daha  yiksek  oldugu
gorilmustir.

Sonug olarak; kaymak ve kaymakalti siitleri agir
metal  diizeyleri yoniinden  karsilastirildiginda
kaymak numunelerindeki agir metal seviyelerinin
daha yiksek oldugu goérilmektedir. Agir metal
miktarlarina genel olarak bakildiginda Tirk Gida
Kodeksi’'nde verilen sinirlar icinde yer almaktadir.
Ayrica, bulunan degerler bakimindan kaymak ve
kaymakaltt stitii Orneklerinin  saglk yoéntnden
herhangi bir tehlike arz etmedigi sOylenebilir.
Kaymakta Mn, Fe, Co, Zn, Se gibi esansiyel iz
elementlerinin kaymakalti siite gére daha yiksek
bulunmas:t kaymagin besleyici degerinin  fazla
oldugunu gostermistir.
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ABSTRACT

The aim of the present study is to determine comparatively expression levels of the BMP75, TGFB1, TGFB2 and GDF9
genes in the preovulatory follicle and corpus luteum tissue of Holstein cattle. For this purpose, primarily the tissues were
examined by immunohistochemical staining. Later on, follicular fluid was analyzed by ELISA test and estradiol and
progesterone levels were determined. Finally, expression levels of the related genes were determined between the groups
by qRT-PCR. Immunohistochemical staining trevealed that estrogen receptor alpha and progesterone receptor
immunoreactivities were intensely present in preovulatory follicles, estrogen alpha receptor immunoreactivity was very
slight and progesterone receptors were similar to positivity in preovulatory follicles in corpus luteum. Furthermore,
estradiol level was high in preovulatory follicles and progesterone level was high in corpus luteum. The levels of mRNA
transcripts of the TGFB7 and TGFBZ2 genes in the preovulatory follicles were statistically higher than the corpus luteum
(p<0.01, p<0.05, respectively), but there was no statistically significant difference between the groups in the mRNA
transcript levels of the BMP75 and GDF9 genes (p>0.05). As a result, it is thought that differential expression of
intraovarian genes may be associated with differences in follicular dynamics and gene expression levels within the cell
population of ovarian tissue, so this situation may result in follicular and luteal phase.

Key Words: Corpus luteum, holstein, intraovarian genes, preovulatory follicle, qRT-PCR.

Holgtayn Sigirlarinda Folikiiler ve Luteal Fazdaki Ovaryum Dokularinda Intraovarian Genlerin
Ekspresyon Profili
oz

Bu calismanin amaci, Holstayn sigirlarina ait preoviilator folikil ve korpus luteum dokularinda BMP75, TGFB1, TGFB2 ve
GDF9 genlerinin ekspresyon seviyelerini karsilastirilmali  olarak belitlemektir. Bu amag icin, 6ncelikle dokular
immunohistokimyasal boyama ile incelendi. Daha sonra folikiler stvilar ELISA testiyle incelenerek 6stradiol ve
progesteron seviyeleri belirlendi. Son olarak qRT-PCR ile gruplar arasinda ilgili genlere ait ekspresyon seviyeleri tespit
edildi. Tmmunohistokimyasal boyama sonucunda preoviilatér folikiillerde yogun miktarda 6strojen reseptor alfa ve
progesteron reseptér immunporzitifliklerine, korpus luteum da ¢ok hafif diizeyde 6strogen alfa reseptér immunpozitifligine,
progesteron reseptdtlerinin ise preoviilatér folikiillerdeki pozitiflik diizeyine yakin oldugu belirlendi. Ostradiol seviyesi,
preovulatér foliktllerde yiiksek, progesteron seviyesi ise korpus luteumda yiiksek olarak bulundu. Preoviilatér folikillerdeki
TGFEB1 ve TGFB2 genlerine ait mRNA transkript seviyesi korpus luteuma gore istatistiksel olarak daha yiiksek bulundu
(p<0.01, p<0.03, sirastyla), ancak gruplar arasinda BMP75 ve GDF9 genlerine ait mRNA transkript seviyesinde istatistiksel
olarak bir fark gbzlenmedi (p>0.05). Sonu¢ olarak intraovarian genlerin farkli ekspresyonunun, ovaryum dokusunu
olusturan hiicre popiilasyonu icinde folikiil dinamikleri ve gen ekspresyon seviyelerinin farkliliklariyla iliskili olabilecegini ve
bu durumun da folikiiler ve luteal dénemin sonucu olarak ortaya ¢ikabilecegi diisiintilmektedir.

Anahtar Kelimeler: Korpus luteum, holstayn, , intraovarian genler, preovulatér folikil, qRT-PCR.

To cite this article: Ozdemir S. Comakly S. Arslan Fl. Excpression Profile of Intraovarian Genes in Ovary Tissues at Follicular and 1uteal
Phases in Holstein Cattle. Kocatepe Vet |. (2018) 11(4): 454-462.
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INTRODUCTION

Opvary activity and hormones ate very important in
terms of pubertal development and normal
reproductive performance (Bliss et al.
2010). Enhancement of reproductive
performance in cattle breeding, has great
significance due to its effect on farm
productivity as well ~as  an  effective  herd
management and profitable production from the
industrial aspect (Ball and Peters 2004, Burrow
2012). The periodic growth in cattle ovaries is
regulated  through FSH  which is  the
hormone stimulating  follicle ~ (Donadeu  and
Pedersen 2008). Follicle phase is the first phase of
growth in the ovarium. In the follicular phase, the
largest follicle continues to grow while the other
small follicles suffer atresia. The follicle continuing
to grow can be converted to corpus luteum
subsequent to ovulation. There are millions of
genes responsible for the developmental phases of
ovaries in  cattle. Numerous  genes  have
been identified at the transformation from luteal
phase to follicle selection, maturation, and follicle
phases as a result of transcriptome analyses (Rao et
al.  2008). Determination of gene expressions
engaged in the development of follicles as well as
interactions between these genes may produce
practical results in the context of animal breeding.
Estrogen is an important steroid hormone which
regulates steroidogenesis and folliculogenesis (Merk
et al. 1972, Drummond and Findlay 1999). There
are two important estrogen receptors as estrogen
receptor alpha (ER-a) and estrogen receptor beta
(ER-b). The foregoing receptors exist in follicles,
interstitial  tissue, germinal epithelium during
different phases of development (Huias-Stasiak and
Gawron 2007, Panoulis et al. 2015). Progesterone
has an important role in the regulation of the
reproductive  cycle. Progesterone  binds  to
intracellular progesterone receptors in target tissues
and becomes active subsequently (Delman and
Eurell 1988). Progesterone also has two forms as A
and B like estrogen receptors (Graham and Clarke
1997, Wolfer et al. 2010).

Regulation of ovarian activity is a complex process
comptising FSH and LH receptors,
ovarian steroids as  well as  intra- variant
factors (Van den Hurk and Zhao 2005). The most
important  in intraovarian  factors include bone
morphogenetic proteins (BMPs) 6, 7 and 15
(BMP¢6, BMP 7 and BMP15), ovarian somatic cells
and transforming growth factor-beta (TGFB)
expressed specifically by oocytes during the
folliculogenesis phase (TGFB7 and TGFB2) are
members of the superfamily (Knight and Glister
20006, Otsuka 2010). The cited genes regulate

ovarian follicular development at the molecular
level in addition to affecting fertility (Corduk et al.
2012, Nagashima et al. 2011, Paradis et al
2009). Furthermore, the growth differentiation
factor 9 (GDF9) gene expression is important for
both humans and animalsas regards oocyte
competence and fertility (Barros et al. 2012).

There is not sufficient information with respect to
BMP715, TGFB1, TGEFB2, and GDF9 gene
expressions in ovaries at follicular, and luteal
phases of Holstein breed. The objective of this
study is to determine BMP75, TGFBT, TGFB2 and
GDF9 gene expressions in ovaries at follicles
and luteal phases. The different expression levels of
these genes will furnish useful information as
regard the determination of the role of these genes
in follicular development as well as their molecular
mechanisms.

MATERIAL and METHOD

Material

The animal material utilized in the study comprised
20  specimens of ovaries from Holstein
cattle following the slaughter thereof. Totally 20
Holstein cows (n=20), around 5 years old, were
selected to obtain the ovary tissue samples. The
selection criteria of cows are multiparous, lactating
(late lactation stage), and body condition score of
3.0 to = 3.50. The ovaries collected following the
slaughter carried out at Oral Meat Integrated
Facilities in Erzurum province
were sterilized by 70% ethanol. The  preovulatory
follicle (POF)and corpus luteum (CL) tissue
samples were measured by virtue of Vernier
caliper. The samples of received POF were about
11.18 £ 1.8 mm while received CL samples were
about 14.32 £ 1.57 mm. Subsequently, tissue
samples were then quickly frozen in liquid nitrogen
and stored at -80 °C.

Method

Immunohistochemical staining

The tissues fixed in neutral formaldehyde solution
during 1 day were washed with tap water. The
tissues were placed in paraffin blocks after the
alcohol-xylol ~ follow-up  process. After  the
deparaffinization of the tissues placed on the
polylysine-coated slides was conducted, the cells
were incubated in 3% H»O: for 10 minutes to
inactivate endogenous peroxidase activity and
washed in PBS. Subsequently, they were kept in the
antigen retrieval solution for 10 min at 500W in
order to remove the antigens in the tissues and
then washed in PBS. Protein block solution was
added with a view to preventing nonspecific
bindings and then they were washed in
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PBS. Progesterone R/ NR3C3 Antibody (Alpha
PR6) (NB120-2765) and Estrogen Receptor alpha
Polyclonal Antibody (PA5-16476) antibodies were
applied as primer antibody at 1/100 dilution ratios
to the sections washed with PBS. Subsequently,
the procedure indicated in Expose mouse and
rabbit specific HRP/DAB detection IHC kit
(Abcam: ab80436) was followed. 3,3'
diaminobenzidine chromogen was employed and
stained with hematoxylin as contrast. Positive cells
were examined by virtue of a light microscope at
20x magnification.

ELISA Test

Estradiol and progesterone concentrations
in follicular ~ fluid were measured to determine
progesterone and estrogen active follicles. 7§3-
Estradiol high sensitivity ELISA kit (Enzo Life
Sciences, UK) was used for estradiol while
Progesterone Competitive ELISA Kit (Thermo
Fisher Scientific, USA) kit was wused for
progesterone. Concentration —measurement was
performed according to the procedure given in the
ELISA kits. (Standard curve, 15.6-1,000 pg / ml
E2 and 50 pg / mL-3,200 pg / mL progesterone).
In addition, we calculated the recovery of ELISA
results (Table 1 and Table 2).

Total RNA Isolation

Total RNA  isolation  was realized  from
the collected tissue samples through the utilization
of Trizol (Invitrogen, USA). Total
RNA isolation was realized in line with the kit’s
procedure. Following  the total ~RNA isolation,
the RNA concentration was measured by virtue of
NanoDrop (Epoch Microplate Spectrophotometer,
USA). RNAs were run in a 1.5% agarose gel in
1XTBE solution for one hour at 80 volts with a
view to control total RNA quality and visualized by
gel imaging system (Bio-Rad Gel Doc XR*) and
their RNA quality was determined (Fig. S1).

DNase I treatment and cDNA Synthesis
DNase I (Thermo Scientific, USA) was employed
against DNA contamination in isolated RINA
samples. Dnaz I treatment was performed in line
with the protocol provided in the kit. Subsequently,
1 pg was taken from these RNAs and cDNA was
synthesized through utilization of the miScript
Reverse Transcription Kit (Qiagen, Germany) in
line with the protocol provided. The purity and
quantity of the obtained cDNAs were measured by
virtue of spectrophotometer (Epoch Microplate
Spectrophotometer, USA), and the cDNAs were
diluted at the same ratios. Subsequently, the cDNA
samples were stored at -20 °C for utilization in Real
Time PCR studies.

Real time PCR

qRT-PCR was performed through utilization of the
CFX96 BioRad device in order to measure the
mRNA transcript levels of the BMP75, TGFBI,
TGEB2 and GDF9 genes. The GAPDH gene was
employed for internal control. Master mix content
created in real time PCR experiments is as
follows: Syber Green 2X Rox Dye Master mix
(Qiagen Germany), forward and reverse primers
designed for genes, cDNAs as template and
nuclease-free water. The samples were analyzed in
Real Time device following the preparation of
master mixes and the obtained Ct values
were calculated according to 2-DeltabeltaCr
method and expression levels of the respective
genes were determined (Livak  and ~ Schmittgen
2001). Reaction conditions and primer
sequences of the genes are shown in Table 3. The
primer sequences were received from a previously
conducted study (Weller et al. 2016).

Statistical analysis

IBM SPSS 20 program was employed for statistical
analysis. Statistical differences of mRNA transcript
levels of BMP15, TGFB1, TGFB2 and GDF9 genes
were analyzed through utilization of t-test method
while statistical ~ differences of  Estradiol and
progesterone concentration (pg/ml) was
determined through utilization of one-way analysis
of variance (ANOVA). Relative mRNA expression
graphics and  estradiol and  progesterone
concentration  graphics were generated by
using Graph pad prism software Inc., (Version 7.0,
California, USA). qRT-PCR results were expressed
as mean £ SEM (standard error of the mean). For
statistical comparisons, probability levels of p
<0.05, p <0.01 and p <0.001were accepted as
statistically significant.

RESULTS

Immunohistochemical Examination

As a result of the immunohistochemical staining,
intense amounts of estrogen receptor alpha (Fig.
1A) and progesterone receptor immunopositivity
(Fig. 1B) were observed in the ovaries thought to
be at follicular phases. Estrogen receptor alpha and
progesterone receptor immunopositives at the
follicular phase were observed in the theca interna
(arrow) and  theca  externa  (arrowhead)
cells. Estrogen alpha receptor was found to be at
very mild level at the luteal phase in the lutein cells
(arrow) due to the decrease in immunopositivity
(Fig.1C) In progesterone receptors, it was
determined to have the close positivity level in the
lutein cells’ (arrow) follicular phase (Fig. 1D).
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Estradiol and Progesterone Levels in POF and
CL

ELISA test was applied to the
collected preovulatory follicles and corpus luteums
and they were analyzed in terms of estradiol and
progesterone. Estradiol levels were higher in =10
mm preovulatory follicles (predominantly sized
follicles classified as healthy) as expected, (Fig.
2A). Progesterone levels were relatively high in the
corpus luteum (Fig. 2B).

Transcriptional Analysis

Expression levels of BMP15, TGFB1, TGFB2 and
GDF9 genes in POF and CL were measured by
virtue of gRT-PCR. mRNA transcript levels of
TGEB7 and TGEFB2 genes in POF were found
statistically higher compared to CL (Figs. 3A
and 3B) (p <0.01, p <0.05, respectively), but no
statistically significant difference was observed in
mRNA transcript level of BMP75 and GDF 9
genes between groups (Figs. 4A and 4B) (p> 0.05).

Table 1. Recovery rate for estradiol

Low Samples %  High Samples % Expected Conc.  Observed Conc. % Recovery
(pg/ml) (pg/ml)
80 20 457.3 504.7 111.9
60 40 655.5 717.2 108.2
40 60 1035.4 1082.8 104.5
20 80 1288.9 1345.1 103.5
Mean recovery 108.5%
Table 2. Recovery rate for progesterone
Low Samples %  High Samples % Expected Conc.  Observed Conc. % Recovery
(pg/ml) (pg/mi)
80 20 651.2 699.3 105.1
60 40 962.1 1024.4 104.3
40 60 1253.8 1324.8 103.9
20 80 1551.7 1602.7 102.2
Mean recovery 105.4%

Table 3. Primer sequences of GAPDH, TGFB7, TGFB2, BMP15 ve GDF9 genes

Primer  Sequences (5’-3%) Annealin Base Accession Reaction Conditions
g °C Pair  Number

GAPD I: GATGCTGGTGCTGAGTATGT 58 113 NM_001034034.2 94°C 15 / 58°C 30 s

H R: GCAGAAGGTGCAGAGATGAT / 72°C 30 s (40 cycles)

TGFB1 T:TGCTTCAGCTCCACAGAAA 58 149 NM_001166068.1 94°C 15 / 58°C 30 s
R: / 72°C 30 s (40 cycles)
GTATCCAGGCTCCAGATGTAAG

TGFB2 T:CACGAATGGCTCCACCATAA 58 127 NM_001113252.1 94°C 155 / 58°C 30 s
R: AGCGTGCTTCTAGTTCTTCAC / 72°C 30 s (40 cycles)

BMPI15 F: 58 111 NM_001031752.1 94°C 15 / 58°C 30 s
GTAGTGAGGTTCGTGAGTICTG / 72°C 30 s (40 cycles)
R:
TAGGGAGAGGTTTGGTCTTCT

GDF9 F: GCATTCCCTCCACCCTAAA 58 113 NM_174681.2 94°C 15 / 58°C 30 s

R: GGTGACGGGACAATCTTACA

/ 72°C 30 s (40 cycles)

*Referance gene (internal control).
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Figure S1. Gel image of isolated total RNA samples (18S/28S
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Figure 1. A) Follicular stage; intense estrogen receptor alpha immunopositivity in Teka externa (arrowhead)
and teka interna (arrow) cells. B) Follicular stage; Immunopositivity of progesterone receptors in Teka externa
(arrow head) and teka interna (arrow) cells. C) Luteal stage; estrogen receptor alpha immunopositivity at very
mild level in lutein cells (arrow). D) Luteal stage; progesterone receptor immunopositivity in lutein cells (arrow)
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Figure 3. mRNA transcript levels of the TGFB7 and TGEFB2 genes in the preovulatory follicle and corpus
luteum tissues. Values represent the mean = SD of 3 independent samples; The error bars show the
standard deviation. Statistical significance (* p<0.05, ** p <0.01) was analyzed by One Way ANOVA. A)
Represent the relative mRNA expression levels of the TGIB7 gene. B) Represent the relative mRNA
expression levels of the TGFBZ2 gene
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Figure 4. mRNA transcript levels of the BMP75 and GDIF9 genes in the preovulatory follicle and corpus
luteum tissues. Values represent the mean + SD of 3 independent samples; The error bars show the standard
deviation. Statistical significance was analyzed by One Way ANOVA. A) Represent the relative mRNA
expression levels of the BMP75 gene. B) Represent the relative mRNA expression levels of the GDF9 gene
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DISCUSSION

This study reveals different expression levels of the
BMP15, TGEB1, TGFB2 and GDF9 genes in
the preovulatory follicle and corpus luteum. FSH,
LH, ovarian steroids and intra-orbital factors have
a role in regulation of ovarian activity (Van den
Hurk and Zhao 2005). The genes of the TGFB
superfamily, such as GDF9, BMP15, TGFBT and
TGFB2, and the «cell receptors thereof
are knownto be paractine and autocrine
modulators  of  ovarian  functions  and
fertility (Knight and Glister 2006, Otsuka 2010,
Corduk et al. 2012, Nagashima et al. 2011, Paradis
et al. 2009). The findings we have obtained from
this study is in compliance with current theories.
Berisha (2002) have examined the expression of
estrogen and progesterone receptors in the ovaries
of cattle during the estrous cycle period
in a study conducted thereby. In this study,
they have observed the fact that ERalpha receptors
increased in granular cells during the follicular
development in techa interna cells towards the end
of the follicular phase. They have reported that the
ERalpha receptors became at the highest level at
the onset of the luteal phase, but decreased
towards the middle and the end of the
period. It was  observed  that there was no
significant change in
progesterone receptivity during the estrous cycle in
the same study.  Estrogen alpha and
progesterone receptors were observed intensely in
ovaries at the follicular phase in the present
study. In ovaries at the luteal phase, estrogen
receptor alpha levels decreased and progesterone
receptor levels were found to be at the same
level. The dectrease in estrogen receptors at the
luteal phase suggests that the cycle is at the middle
or late phase of the luteal phase. As a result, it was
observed that both receptors were intensified at the
follicular phase, and estrogen receptor alpha
decreased and progesterone receptor levels were at
the same level at the middle or late periods of the
luteal phase.

BMPs have an important role in the regulation
of follicle development, ovulation, and KL
morphogenesis (Otsuka et al. 2011, Shimasaki et al.
2004). Weller (2016) revealed that there was no
change in the expression levels of BMP75 and
GDF9 genes in follicular and luteal ovarian tissues
of Bos indicus cattle. Similarly, there was no
statistical difference in the gene expressions of
BMP75 and GDF9 in POF and KL in this
study. This result shows that the BMP75 and
GDF9 genes are expressed without change in
follicule development (in POF and KL processes)
in mammals. This suggests that BMP75 and GDF9

genes actively have a role in molecular mechanisms
with both follicular and luteal development.

Transforming growth factor-beta isoforms (IGFB7
and TGFB2) are known
as multifunctional regulatory molecules because
they  stimulate and  inhibit  proliferation,
differentiation, and other critical cell
functions according to type of ovarian cells, stage
and other growth factors (Lee et al. 2001,
Hanukoglu 1992,  Juengel and  McNatty
2005). TGFBT in cattle and TGFB7 and TGFB2 in
sheep have an inhibitory effect on the proliferation
of granulosa cells (Saragueta et al. 2002, Gilchrist et
al. 2003). TGFBT mRNA and protein expression in
cattle granulosa cells decreases during the
progression of folliculogenesis (Juengel et al. 2004,
Matiller et al. 2014, Farberov and Meidan
2016). Furthermore, in cattle, TGFBT is expressed
in granulosa cellsin the earliest phases of
development (early preantral and eatly antral
follicle) while it is  expressed less in larger
follicles (Oullette et al. 2005).In this study, we
showed that TGFB7 and TGEFB2 genes are
expressed more in preovulatory follicles. This
situation suggests us that inhibition of proliferation
induced by TGFB7 may make the cell more
susceptible to FSH and causes differentiation of
the granulosa cells. Moreover, this result is also
consistent with previous studies (Oullette et al.
2005, Saragueta et al. 2002, Gilchrist et al. 2003,
Farberov and Meidan 20106).

CONCLUSION

Briefly, our results suggest that differential
expression of intraovarian genes may be related to
differences in follicular dynamics and gene
expression levels within the cell population which
form the ovarian tissue. This result could occur as
a result of the follicular and luteal phases. The
determination of expression levels of the genes in
the preovulatory follicle and the corpus luteum in
cattle in a comparative way will furnish a source for
studies to be conducted in order to determine the
molecular mechanisms of these genes.
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ABSTRACT

This study aimed to investigate the effects of premedication with ascorbic acid (vitamin C) on physiologic
parameters before medetomidine—ketamine anesthesia in New Zealand white rabbits. A total of 14 rabbits of
both sexes, 1-4 months of age and 2-4 kg in body weight, were used in this study. The rabbits were randomly
assigned one of two groups: medetomidine—ketamine (MK) or ascorbic acid—medetomidine—ketamine
(AAMK). The rabbits in the MK group were given 0.25 mg/kg of medetomidine and 15 mg/kg of ketamine
intramuscularly. The rabbits in the AAMK group were given 60 mg/kg of vitamin C intramusculatly 20 min
prior to the same dose of medetomidine—ketamine anesthesia. The onset of anesthesia, time of surgical
anesthesia, and total anesthesia time in the two groups was recorded. Heart rate, respiratory rate, and body
temperature were also recorded at 0, 5, 10, 15, 20, 25, 30, 45 and 60 minutes during anesthesia. Physiologic
parameters were not statistically different between the two groups. Pretreatment with vitamin C prior to
medetomidine—ketamine anesthesia decreased the duration of onset of anesthesia. As a result, it was concluded
that vitamin C can be used prior to anesthesia to accelerate the effect of medetomidine—ketamine in rabbits.

Keywords: anesthesia, rabbit, vitamin C, medetomidine, ketamine

Yeni Zelanda Beyaz Tavganlarinda Medetomidin — Ketamin Anestezisi Oncesi Preanestezik Olarak
Vitamin C Kullanilmasi

oz
Bu calismada, beyaz Yeni Zelanda tavsanlarinda medetomidin — ketamin anestezisi 6ncesi preanestezik olarak
uygulanan askorbik asitin (vitamin C=vit ) fizyolojik parametreler tizerine etkisinin aragtirlmast amaglanmustir.
Her iki cinsiyette 1-4 aylik ve 2-4 kg vicut agirliginda sahip toplam 14 tavsan bu calisma icin kullanild:.
Tavsanlar rastgele iki gruba ayrild;; medetomidin — ketamin (MK) ya da askorbik asit — medetomidin — ketamin
(AAMK). MK grubundaki tavsanlara 0.25 mg/kg medetomidin ve 15 mg/kg ketamin intramuscular olarak
uygulandi. AAMK grubundaki tavsanlara ayni dozdaki medetomidin-ketamin anestezisinden 20 dk énce 60
mg/kg oraninda kas ici C vitamini verildi. Tki grupta anestezi baslangic zamant, cerrahi anestezi siiresi ve total
anestezi zamani kaydedildi. Anestezi sirasinda kalp orani, solunum orant ve vicut sicakligi 0, 5, 10, 15, 20, 25,
30, 45 ve 60 dakikalarda kaydedildi. Fizyolojik parametreler agisindan her iki grupta istatiksel olarak fark

belitflenemedi. Sonu¢ olarak, tavsanlarda medetomidin — ketamin anestezisi 6ncesi C vitaminin kullanilmast
anestezi giris stiresini kisalttig1 gorilmistur.

Anahtar Kelimeler: Anestezi, tavsan, vitamin C, medetomidin, ketamin

To cite this article: Yaygingiil R. Bozkan Z. Bulut O. Belge A. Use of Vitamin C for Premedication Prior to Medetomidine—Ketamine
Anesthesia in New Zealand White Rabbits. Kocatepe Vet . (2018) 11(4): 463-467.
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INTRODUCTION

Rabbits are commonly used as a laboratory animals
for experimental surgery. Preanesthetic medication
is included as part of the anesthetic protocol
because it reduces aggression, fear and pain,
provides pre-emptive analgesia, and reduces the
amount of medication needed to attain the desired
level of anesthesia (Flecknell 1997). Medetomidine
is an op-adrenoceptor agonist used in veterinary
practice to induces sedation, analgesia and muscle
relaxation (Nevalainen et al. 1989; Blum et al. 1992;
Cullen 1996). Ketamine is a dissociative anesthetic
drug routinely used for induction and maintenance
of anesthesia. Because the sole use of ketamine is
not sufficient for anesthesia, it is commonly
combined with a preanesthetic drug such as
medetomidine (Kilic 2004; Henke 2005; Grint
2008). A combination of medetomidine and
ketamine has been reported to provide effective
anesthesia in rabbits and is now commonly used
with a wide margin of safety in this species.
Vitamin C is a water-soluble vitamin that is
abundant in many plants and meat (Egwu et al.
2011). Known to be highly concentrated in the
brain, the actual physiologic role of vitamin C in
the normal functioning of the central nervous
system (CNS) remains unclear. Vitamin C
influences the CNS physiologically and/or
pharmacologically (Laurence et al. 1997; Sauberich
1994). High amounts of vitamin C may produce
effects similar to amphetamines in terms of CNS
depression (Egwu et al. 2011; Najafpour and
Nadeghi-Hashjin 2007).

The purpose of the present study was to investigate
the effect with premedication vitamin C on New
Zealand White rabbits anesthetized with a
medetomidine—ketamine combination.

MATERIALS and METHODS

Animals

Ethical approval (file number: 2017/113) from the
university’s Institutional Animal Care and Use
Committee was obtained prior to the study. A total
of 14 rabbits of both sexes, 1-4 months of age and
2—4 kg in body weight, were evaluated in this study.
The rabbits were maintained at a room temperature
of 18-21°C and 55-65% humidity. The rabbits
were allowed to acclimatize for 14 days prior to the
study, provided water ad libitum and fed
commercial pellet food. Food and water were not
withdrawn prior to anesthesia.

Anesthetic protocols

The rabbits were separated randomly into two
groups: medetomidine—ketamine (MK group) and
ascorbic acid—medetomidine—ketamine (AAMK
group) groups. The rabbits in the MK group were
given 0.25 mg/kg medetomidine (Domitor®)! and
10 min later 15 mg/kg ketamine (Alfamine®)?2
intramuscularly. Those in the AAMK group were
given 60 mg/kg vitamine C (Injacom C®)3
intramuscularly 20 min before medetomidine-
ketamine anesthesia. All anesthetic drugs were
injected into the quadriceps femoris muscle. The
body temperature (°C), heart rate (beats/per min),
and respiratory rate (respiration/min) of the rabbits
were recorded before anesthesia, immediately after
induction, and at 5, 10, 15, 20, 25, 30, 45, and 60
min of anesthesia. The respiratory rate and heatt
rate were measured with a stethoscope. The body
temperature  was measured with a  digital
thermometer. The onset of anesthesia was
evaluated in terms of recumbency, diminished
respiratory rate, loss of pedal reflexes and loss of
pinprick sensation on the skin. Surgical anesthesia
time was evaluated in terms of loss of withdrawal
and ear-pinch reflexes. The time between the
administration of anesthesia and the recovery of all
reflexes was referred to as total anesthesia time

(Henke et al., 2005).

Statistical analysis

All statistical comparison was performed using
SPSS software. Study data were assessed by
calculating mean and standard error of the mean
(mean * SE). Differences were considered
statistically significant if P value was < 0.05.
Generated data were analyzed by analysis of
variance. Differences among mean values were
evaluated with the paired-samples 7 test for
normally distributed data.

RESULTS

The onset of anesthesia, time of surgical anesthesia,
and total anesthesia time are shown in Figures 1, 2,
and 3, respectively. The MK group showed a
longer onset surgical time of anesthesia, and total
anesthesia time compated to the AAMK group but
there were no significant differences (P > 0.05).
The changes in heart rate, body temperature, and
respiratory rate are shown in Table 1. No
difference between groups was determined in
terms of heart rate, respiratory rate, and body
temperature. There were statistically significant
differences within groups over time.
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Figure 1. Onset of anesthesia, evaluated in terms of recumbency,
diminished respiratory rate, loss of pedal reflexes, and loss of pinprick
sensation on the skin MK = medetomidine—ketamine; AAMK=
ascorbic acid—medetomidine—ketamine
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Figure 2. Surgical anesthesia time, evaluated in terms of loss of
withdrawal and ear-pinch reflexes = MK = medetomidine—ketamine;
AAMK= ascorbic acid-medetomidine—ketamine
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Figure 3. Total anesthesia time, between the administration of anesthesia and
recovery of all reflexes MK = medetomidine—ketamine; AAMK= ascorbic
acid—medetomidine—ketamine
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Table 1. Changes in heart rate, body temperature, and respiratory rate before and during anesthesia

Groups Medetomidine—Ketamine (n=7)

Vitamin C-Medetomidine—Ketamine (n=7)

Respiratory rate

Body temperature S
(respiration per

Heart rate (beats

Respiratory rate

. Heart rate
(respiration per

Body temperature

_(°C) _ minute) pi minuf) _(°C) _ minute) (beati per mElute)
X +sX X +sX X +sX X +sX X +5X X +sX
Baseline Values 39.75 + 0.305 142.85 + 13.65 219.42 + 7.58 40.00 = 0.069 130.28 £ 6.10 197.42 £ 5.06
Pre-anesthesia
. 39.31 £ 0.353 65.14 + 4.75%%* 170.85 £ 7.28* 39.84 + 0.71 67.85 & 3.43%k* 146.28 £ 8.13%+*
At Induction
0 min
Anesthesia 38.97 £ 0.370 101.71 £ 16.27* 167.42 £ 10.56* 39.70 £ 0.123 80.00 £ 6.81%¢* 170.85 £ 5.90%*
5 min
Anesthesia 39.07 £ 0.544 73.71 + 8.80%* 168.0 £ 9.02%* 39.51 £ 0.96* 63.42 £ 5.55%k* 163.57 £ 6.71%*
10 min
Anesthesia 38.84 + 0.533 75.42 + 8.39%* 165.71 £ 8.36** 39.12 £+ 0.156%* 58.28 & 4.43%kx 177.14 £ 8.36*
15 min
Anesthesia 38.5 £ 0.402%* 71.42 + 12.44%* 161.14 £ 8.49%* 39.12 £ 0.156%* 64.00 £ 6.17%k* 164.00 £ 5.92%*
20 min
. 37.98 + 0.482%* 64.57 + 11.46%* 160.00 £ 8.09** 38.84 + 0.218** 61.71 £ 11.60%** 182.57 £ 3.10
Anesthesia
25 min
Anesthesia 37.98 £+ 0.571** 56.00 £ 7.14%¢* 159.57 £ 5.29%%* 38.91 & 0.118%** 59.42 & 9.61%k* 182.2.98 +2.98
30 min
Anesthesia 37.37 £+ 0.589** 66.85 + 13.02%* 161.14 £ 8.31%%* 38.58 & 0.138%k* 59.42 & 6.95%k* 152.00 £ 4.0%%%
45 min
Anesthesia 36.74 + 0.576%** 55.42 & 5.4k 165.00 £ 7.51%%* 38.17 & 0.233%k* 59.42 & 6.95%k* 164.00 * 8.28**
60 min

* Significant difference between anesthesia protocol time points (P < 0.05).
** Significant difference between anesthesia protocol time points (P < 0.01).
*#%* Significant difference between anesthesia protocol time points (P < 0.001)

DISCUSSION

Vitamin C is a water-soluble micronutrient required
for wvarious biological functions. However, the
effect of vitamin C on the CNS remains unclear.
Its deficiency has been reported to cause
impairment of CNS function (Laurence et al
1997). Previous studies reported that the use of
vitamin C for premedication could accelerate the
onset of anesthesia and increase the time of
surgical anesthesia (Elsa and Ubandawaki 2005; Ito
et al. 2014). Elsa and Ubandawaki (2005)
administered different doses of vitamin C to
rabbits before ketamine anesthesia. They found a
statistically significant increase in total anesthesia
time with an increasing dose of vitamin C as CNS
functions were disrupted. In the present study, the
time to onset of anesthesia was slighty longer in the
MK group compared to the AAMK group.

Although the duration of total anesthesia was
slightly shorter in the AAMK group, no difference
was found between the groups most likely due to
the low dose of vitamin C used. No complications

occurred while anesthetizing the rabbits. Some
studies (Elsa and Ubandawaki 2005; Yanmaz et al.
2016) showed that vitamin C had a depressive
effect on the CNS and reduced the heart rate. In
the present study, although the decrease in heart
rate was statistically significant in both groups, the
decrease in the MK group was greater than that in
the AAMK group however, no significant
difference in heart rate was found between the

groups (P> 0.05).

Egwu et al. (2011) reported a slight increase in the
temperature of rabbits after administering vitamin
C most likely due to the modulatory effect of
vitamin C. In the present study, the body
temperature decreased in both the MK and AAMK
groups and there was no statistically significant
difference between the two groups (P > 0.05).
Various studies (Henke et al. 2005; Kilic 2004)
reported a decrease in body temperature following
medetomidine administration in laboratory animals.
This decreased body temperature was attributed to
thermoregulatory failure as a result of the
inhibition of limbic—hypothalamic centers and
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deterioration of homeostasis following reduced
metabolic and muscular activities.

Previous studies (Hedengvist et al. 2001;
Hellebrekers et. al.  1997) reported  that
medetomidine—ketamine anesthesia decreased the
respiratory rate. In the present study, preinduction
respiratory rates (RR) varied between 142.85 =+
13.65 and 130.28 £ 6.10 respirations per minute
for the MK and AAMK groups, respectively. RR
was significantly below the baseline value during
anesthesia in both groups, however, no significant
difference in RR was found between the groups (P
> 0.05). Egwu et al. (2011) reported a dectrease in
RR after vitamin C administration in rabbits.

In conclusion, the present study showed that while
vitamin C administered to rabbits before
medetomidine—ketamine anesthesia decreased the
duration of anesthesia, physiologic parameters were
not statistically different between the two groups.
As a result we conclude that vitamin C can safely
be used before anesthesia to accelerate the effect of
medetomidine—ketamine anesthesia in rabbits.
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Manda stitii, gida teknolojisinde kullanilan siitler arasinda en yiiksek yag oranina sahiptir. Glniimiizde egzoz
dumani, atik su ile sulama, endiistriyel ve madencilik faaliyetleri gibi bir¢ok nedenden dolay1 toprakta 6nemli
miktarda agir metaller bulunabilmektedir. Bu metaller hayvan ve insan saghgint énemli 6l¢tide etkilemektedir.
Bu ¢alismanin amaci, Afyonkarahisar ilinden toplanan 50 ¢ig manda sttiinde Al, Cr, Mn, Fe, Co, Cu, Zn, As, Se,
Mo, Ag, Cd, Hg ve Pb gibi metallerin/agir metallerin varhigini ve seviyesini ICP-MS ile belirlemektir. Stt
orneklerinde Al, Cr, Mn, Fe, Co, Cu, Zn, Se ve Mo seviyesi strastyla 0,098; 0,001; 0,042; 0,331; 0,001; 0,076;
4,116; 0,011 ve 0,022 ppm olarak tespit edilmistir. Agir metallerin (Pb, As, Ag, Cd ve Hg) ise tespit edilebilir
limitin altinda oldugu belitflenmistit. Bu durum, manda yetistiriciliginin ve siit Uretiminin agir metal

kontaminasyonundan uzak kosullar altinda gergeklestirildigini  gostermektedir.  Ayrica, diger metal
seviyelerindeki farkhiliklar hayvanlarin beslenmesi ve ¢evresel kosullardan kaynaklanabilir.

Anahtar Kelimeler: Manda, Siit, Agir Metal, Halk Saglig1

Determination of Metal and Heavy Metal Residues in Buffalo Milk By ICP-MS

ABSTRACT

Buffalo milk has the highest value of fat ratio among milk used in food technology. Today, a significant amount
of heavy metal found in the soil due to many reasons such as exhaust fumes, wastewater irrigation, industrial
and mining activities. Therefore, the health of animal and human is significantly affected. The aim of this study
was to determine the presence and contamination level of metals/heavy metals as Al, Cr, Mn, Fe, Co, Cu, Zn,
As, Se, Mo, Ag, Cd, Hg, and Pb in 50 raw buffalo milk samples obtained from Afyonkarahisar by using ICP-
MS instrument. Contamination level of milk samples with Al, Cr, Mn, Fe, Co, Cu, Zn, Se, and Mo was detected
as 0.098, 0.001, 0.042, 0.331, 0.001, 0.076, 4.116, 0.011, and 0.022 ppm respectively. In addition, contamination
level of Pb, As, Ag, Cd, and Hg was determined under LOD. This suggests that buffalo breeding and milk
production are performed under suitable conditions preventing from heavy metal contamination. It is also
assessed that the quantities and differences in other metal levels detected in the analysis may depend on the
feeding of the animals and environmental conditions.

Keywords: Buffalo, milk, heavy metal, public health
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GIRIS
Siit proteinleri biyolojik degeri yiiksek proteinlerdir
(Uzunéz ve Gilsen 2007). Insanlarin yeterli ve
dengeli beslenmesinde 6nemli bir yer teskil eden
sut, hayvansal kaynakli yag, protein, laktoz, su,
mineral, vitamin, enzim, organik asit ve iz
elementleri icermektedir. Sutiin bilesimi tur icinde
ve tirler arasinda Onemli O6lciide degisiklikler
gostermektedir. Sut kompozisyonundaki farklhiliklar
fizyolojik, kalittm, sagim siklig1 ve gevre faktorlerine
bagldir (Renner ve ark. 1991, Ayar ve Demirulus
2000, Tekingen 2000).

Manda siiti diger siitlerle karsilastirildiginda daha
az su iceren, daha ¢ok kuru madde (mineral, yag,
protein vb.) ihtiva eden besleyici bir gida
maddesidir. Gida teknolojisi acisindan degerli bir
sit olarak kabul edilen manda stti kaymak,
tereyagl,  yogurt ve  peynir  Uretiminde
kullanilmaktadir. Manda siiti kaymak baglama
Ozelligi ve renginin diger sttlere gére daha beyaz
olmast nedeniyle tercih edilmektedir. Ulkemizde
mandacilik yaygin olarak Afyon, Samsun, Sinop,
Balikesir, Corum, Amasya, Sivas, Mus ve
Diyarbakir illeri ve ¢evrelerinde yapilmaktadir.
(Metin 2001, Ugiincii 2004).

Agir metal kitliligi son yillarda endustriyel ve
tarimsal kalkinma nedeniyle ciddi bir saglik sorunu
haline gelmektedir (Rajaganapathy ve ark. 2011).
Krom, kadmiyum, kursun ve civa gibi bazt
clementlerin  yitksek seviyelerinin neden oldugu
toksisite iyi bilinmektedir (Llobet ve ark. 2003).
Bunlarin icerisinde en zararlt agir metaller kursun,
kadmiyum ve civadir. Biyolojik islevleri olmayan bu
metaller her derisimde zehitli olup, organizmada
her organ ve dokuda farkli  oranlarda
birikebilmektedir (Zheljazkov ve Nielsen 1996,
Dindar ve ark. 2012). Ayrica bu agir metaller
distik  konsantrasyonlarda  bile  hemotoksik,
norotoksik ve nefrotoksik ctkiler
gosterebilmektedir (Al-Saleh ve ark. 2003).

Sut ve sut urtnlerinde metallerin bulunmas: ise,
Ozellikle cevresel kosullara ve iretim prosesine
baglt olmaktadir (Anastasio ve ark. 20006). Diinyada
ve tlkemizde 6zellikle inek ve manda stti (Algan
2002, Ozturan 2010, Khan ve ark. 2013, Bilgiici
ve ark. 2016, Li ve ark. 2016; Roy ve ark. 2009, El-
Ansary 2017) ile stt Urinlerinde (Temurci ve
Gtuner 20006, Segmenoglu 2012, Kan 2015) agir
metal varligina yonelik calismalar  yapilmustur.
Yapilan bu calismada Afyonkarahisar ilinden
toplanan ¢ig manda sitlerinde bazi metal ve agir
metallerin  varligi ICP-MS ile arastirlarak halk
sagligl acisindan risk olusturup olusturmayacagi
degerlendirilmistir.

MATERYAL ve METOT
Materyal

Bu calismada Afyonkarahisar ilinden Subat-Mart
2017 tarihlerinde temin edilen 50 adet ¢ig manda
stti 6rnegi kullandlmistir. Nitrik asit ¢Ozeltisinde 24
saat bekletilerek agir metallerden arindirilmig
numune kaplarina alinan Ornekler soguk zincir
altinda laboratuvara getirilmistir.

Metot
Mikrodalga Yakma

Ornekleri yakma islemi kapalt sistem mikrodalga
yakma metoduna gére yapimistir. Bu amacla; HP-
100 teflon kap icerisine 2 ml ¢ig stt almnarak
tzerine 8 ml % 65'lik nitrik asit ve 1 ml %30'Tuk
hidrojen  peroksit eklenmis ve 15-20 dk
bekletilmistir. Yakma islemi mikrodalga cihazinda
(Sineo MDS- 10; Cin) gerekli yakma programi
(130°C’de 10 dk, 150°C’de 5 dk ve 180°C’de 10 dk)
ayarlanarak uygulanmistir. Daha sonra ¢ozeltiler
ultra distile su ile 50 ml'ye tamamlanarak filtre
(25/0,45 pm) edilmistir. Elde edilen stzinti
okuma isleminde kullanilmistit.

Okuma-Degerlendirme

Toplanan Orneklerdeki metal-agir metal (Al, Cr,
Mn, Fe, Co, Cu, Zn, As, Se, Mo, Ag, Cd, Hg ve Pb)
seviyeleri ICP-MS  (Agilent 7700x ICP-MS,
Kaliforniya, ABD) ile belitlenmistir. Tespit
edilebilen minimum deger 0.0001 ppm’dir.

BULGULAR ve TARTISMA

Yapilan calismada manda siitlerinde tespit edilen
metal seviyeleri Tablo 1’de verilmistir. Bununla
birlikte As, Ag, Cd, Hg ve Pb ise tim manda sttt
Orneklerinde tespit edilebilir limitin (0.0001 ppm)
alttnda bulunmusgtur.

Orneklerdeki agir metal seviyelerinin (Pb, As, Ag,
Cd ve Hg) Turk Gida Kodeksi Bulasanlar
Tebligi'nde belirtilen limitlerin  altinda  oldugu
gbzlenmistir (Anonim 2011). Bu konuda ulusal ve
uluslararasi yapilan bazi calismalara bakildiginda;
Algan (2002), Konya yoresinden topladigt inek
stutlerinde agir metal miktarlarint belirlemek amaci
ile 61 oOrnekte ortalama Pb 0,0000001; Cd
0,0000388; As 0.0000839; Se 0.0000331 ve Zn
0.0026681 ppm diizeyinde saptadigint bildirmistir.
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Tablo 1. Manda siiti 6rneklerinde tespit edilen bazi metal seviyeleri (ppm)
Table 1. The levels of some metals detected in buffalo milk samples ( ppm)

n:50 Al Cr Mn Fe Co Cu Zn Se Mo
Minimum <0,0001 <0,0001 0,004 <0,0001 <0,0001 <0,0001 0,322 <0,0001 0,005
Maksimum 1,443 0,015 0,246 3,883 0,002 0,476 9,644 0,034 0,057
Ortalama 0,098 0,001 0,042 0,331 0,001 0,076 4,117 0,011 0,022

Temurci ve Giiner (2006), Ankara’dan toplanan 36
sut 6rneginde Al, Cd, Cr, Cu, Fe, Ni miktarlarinin
sirastyla ortalama 6; 0,114; 1,016; 4,300; 52,149 ve
2,754 ppm, dizeylerinde oldugunu ve Orneklerin
hicbirinde Pb tespit edemediklerini bildirmislerdir.
Ozturan  (2010) yaptigi calismada inek siitii
orneklerinde Ca, Na, K, Mg, Cu, Fe, Zn, Pb, Ni ve
Mn miktarlarini sirasiyla; 1258,48; 415,51; 1768,58;
107,33; 0,079; 0,640; 1,406; 0,031; 0,034 ve 0,022
ppm dizeylerinde belirlemislerdir. Kan (2015)
Afyonkarahisar ilinin bes farkli noktasindan
topladigt siit 6rneklerinden elde ettigi kaymak ve
kaymakalt1 sttlerinde agir metal miktarlart ICP-MS
ile belitlemistir. Elde edilen kaymak &rneklerinde
ortalama Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Ba, ve
Pb degerleri strastyla: 0,36; 0,56; 2,72; 0,08; 0,65;

0,09; 827; 0,14; 094; 0,17 ve 0.01 ppm
belirlemisken numunelerde Mo, Ag ve Cd
saptamamistir.  Bununla  birlikte, kaymakalt:

sutlerinde ise 0,02; 0,13; 0,52; 0,02; 0,12; 0,02; 2,37,
0,04; 0,17; 0,04; 0,13; 0.01 ppm diizeylerinde tespit
ederken Ag ve Cd tespit edilmedigini rapor
etmigtir. Bilgtict ve ark. (2016), Canakkale’nin ¢
farkll noktasindan farkli dénemlerde toplanan ¢ig
inek sit 6rneklerinde metal (Mn, Zn, Cr, Cu, Co),
agir metal (Cd, Pb) ve mineral madde (Al, Ca, K,
Na, Fe, Mg) diizeylerini Indiiklenmis Eslesmis
Plazma Atomik Emisyon Spektroskopi (ICP-AES)
ile belirlemislerdir. Orneklerde Cd, Mn ve Pb
icerikleri bakimindan dénemler arasinda bir farkliik
gbzlendigini, bolgeler arasinda ise bir farklilik
gorilmedigini bildirmislerdir. Metal diizeylerinde
bélgeden bolgeye farkliik belirlenirken, mineral
madde duzeylerinde ise bir degisim olmadigin
rapor etmislerdir.

Roy ve ark (2009) Hindistan Haryana eyaletinin iki
farklt bolgesinden topladiklart manda sitlerinde,
Pb, Cd, As ve Hg seviyelerinin ortalamalarin
sirastyla 1. bolgede 0,048 ppm; 0,006 ppm; 21,13
ppb ve 0,73 ppb; 2. bélgede ise 0,090 ppm; 0,006
ppm; 18,81 ppb ve 0,43 ppb olarak tespit
etmislerdir. Khan ve ark. (2013), Ekim 2010 -
Ocak 2011 arasinda toprak, yem ve inek siitii
orneklerinde kursun (Pb) miktarint  belirlemek
amactyla  birlestirilmis  atomik  absorpsiyon
spektrofotometre  ile  grafit firin  teknigini
kullanmislardir. Orneklerde Pb konsantrasyonlarint
toprakta 1,2-3,5 ppm, yemde 0,33-0,70 ppm ve

sttte 0,018-0,050 ppm araliginda tespit etmisler ve
bu 6rneklerde Pb konsantrasyonunun zamana baglt
olarak azaldigint bildirmislerdir. Li ve ark. (2016)
yaptiklart calismada, 2012-2014 yillar1 arasinda
Cin’in Tangshan sehrinden dogrudan ciftliklerden
topladiklart toplam 205 ¢ig inek siitlerinde agir

metallerden As, Pb, Cr ve Hg dizeylerini
belitlemeyi  amaglamiglardir.  Analiz  edilen
orneklerdeki agir metal diizeylerinin Cin Hitkimeti
tarafindan  belitflenen  maksimum  limitleri

asmadigini ve dolayistyla ¢ig stitlerin insan sagligi
acisindan nispeten glivenli oldugunu bildirmislerdir.
El-Ansary (2017) Misir’da topladigi 12 adet manda
sttd orneginde atomik absorbsiyon
spektrofotometresi  kullanarak  Cd  seviyesini
ortalama 0,3084 ppm, Pb seviyesini ortalama
0,05878 ppm seviyesinde tespit emistir.

Bu calismada analize alinan manda
sttlerinden elde edilen agir metal varligt bulgulari
ile diger aragtirmacilarin sonuclart  benzerlik

gostermektedir. Calismada manda siitlerinde Al Cr,
Mn, Fe, Co, Cu, Zn, Se ve Mo gibi metallerin farklt
seviyelerde tespit edilmesinde hayvanlara verilen
rasyonun veya meralarin metal icerigi ile ilgili
olabilecegi  diistinilmektedir. Hatta baz1 iz
elementleri (Fe, Co, Zn, Se) icermis olmast siitiin
besleyici degerini ortaya koymaktadir. Bununla
birlikte Pb, As, Ag, Cd ve Hg’nin tespit edilebilir
limitin altinda olmasi, manda siti tiketiminin agir
metaller yoninden insan sagligi acisindan risk
olusturma ihtimalinin distik oldugu gorillmektedir.

SONUC

Sonug olarak, analize alinan manda sutlerinde Al,
Ct, Mn, Fe, Co, Cu, Zn, Se ve Mo miktarlari farklt
seviyelerde tespit edilirken, Pb, As, Ag, Cd ve Hg
ise saptanamamustir. Buna gore toplanan
ornekleri  Turk  Gida  Kodeksi'ne  uygun
bulunmustur. Ozellikle 6rneklerde Pb, As, Ag, Cd
ve Hg gibi risk olusturabilen metallerin tespit
edilmemis olmasi stitlerin agir metal yoniyle halk
sagligt agisindan risk olusturmayacagi
gorilmektedir. Bu riskli agir metallerin sit ve
triinlerindeki  konsantrasyonunun bu  seviyede
kalabilmesi icin bilin¢li ve kontrollii bir tretimin
devam ettirilmesi gerekmektedir. Bu baglamda
ayrica ciftgi ve isletmecilerin bilgilendirilmesi,
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egitimlerin diizenlenmesi ve son olarak rutin
kontrollerin diizenli bir sekilde devam etmesi
tavsiye edilmektedir.
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OZET

Bu calismada Akdeniz ve Ege sahillerimizde yaygin olarak bulunan yesil kaplan karidesinin [Penaens semisuleatns, (De Hann 1844)] farklh
esansiyel yag asitleriyle muamele edilerek raf 6mriniin uzatilmast amaglanmustir. Buzdolabinda farkli esansiyel yag asitleriyle muamele
edilerek vakum pakette depolanan katides gruplari 0.,4.,8.,12.,16.,20.,24. gtnlerinde kimyasal ve duyusal kalite degerlendirmeleri
yapimistir. Kimyasal degetlendirmede pH degetlendirmesine gére kontrol grubu 8. giinde, karvakrol ile muamele edilen grup 20.
giinde, timol ve eugenol ile muamele edilen gruplar 24. giinde, Toplam Ugucu Bazik Azot (TVB-N) degerlendirmesine gére kontrol
grubu 8. giinde, karvakrol grubu 16. glinde, timol ve eugenol ilave edilen gruplar 20. giinde ve Trimetilamin Azot Tayini (TMA-N)
degetlendirmesine gore, kontrol grubu 8. giinde, karvakrol grubu 16. giinde, timol ve eugenol gruplarinin 20. ginde raf 6mrini
tamamladig1 belirlenmistir. Duyusal degerlendirmede, kontrol grubu gériiniis ve koku degerleri acisindan 8. giinde ve tat degeri agisindan
4. ginde raf 6mrini tamamlarken, karvakrol iceren grubun gériinls ve koku degetlerinin 20. glinde, tat degetlerinin ise 16. giinde raf
Smrind tamamladigt belirlenmistir. Timol grubunun gérinis, koku ve tat bakimindan raf 6mriint 24. giinde tamamladigt belirlenmistir.
Eugenol grubunun duyusal degerlendirmesine bakildiginda, goérints olarak 24, koku ve tat olarak 20. giinde raf 6mrini tamamladigt
belirlenmistir. Bu duyusal degerlendirme sonuglart pH, TVB-N, TMA-N degerlendirmesi sonuglart ile paralellik géstermektedir. Timol ile
muamele edilen grup duyusal olarak daha iyi oldugu ig¢in su driinlerinin korunmasinda timol kullanimi 6nerilmektedir. Literatir
taramalarinda tilkemizde karideslerde hentiz béyle bir calismanin yapilmadigs tespit edilmistir.

Anahtar Kelimeler: Karides, Esansiyel Yaglar, Raf 6mrii

The Chemical and Sensory Effects of Different Essential Oils on Vacuum Packeged and Cold Storaged Shrimps

ABSTRACT

The aim of this study was to increase shelf life of shrimps [Penaens semisulcatns, (De Hann 1844)] found commonly in the
mediterranean and aegean sea, by treating with different essential oils. Treated and vacuum packeged shrimp were examined as
chemical and sensory within 0, 4, 8, 12, 16, 20, 24, days of refrigerated storage. At the limit of the pH acceptability, 8. days for control, 20.
for carvacrol and 24. for thymol and eugenol groups, according to Total Volatile Basic Nitrogen (TVBN) values, 8. days for control, 16.
for carvacrol, 20. for thymol and eugenol groups, regarding to Trimethylamine—Nitrogen (TMAN) values, 8.days for control, 16. for
carvacrol, 20. for tymole and eugenol groups were completed the shelf life. The control extended the shelf life 8. for appearance
and odor, 4. days for taste. Carvacrol group reached the shelf life 20. for apparence and odor, 16. for taste evaluation. The shelf life of
eugenol group was at 24. for apparence, odor and 20. days for taste. In the respect to apperance and odor, taste, the tymole used group
completed shelf life at 24. days. The result of sensory evaluation showed the similar shelf life related days with pH, TVBN, TMAN
values. Tymole was advised for consumer due to higher sensory evaluation. It has been determined that there was not a study like this
one on shrimp at literature in Turkey.

Keywords: Shrimp, Essential oils, Shelf life
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GIRIS

Turkiye denizlerinde bugiine kadar 60’mn Gzerinde
karides tiri saptanmis olup, bunlardan 7’sinin
ticari olarak avciligt yapilmaktadir. Bu tirlerden
Penaens  semisuleatus, Metapenaens — monoceros  Kizil
Deniz  koékenli  olup, Akdeniz ve Ege
sahillerimizde yaygin olarak bulunur (Kocatas ve
ark. 2004, Can ve ark. 2000).Avlandiktan sonra
kisa strede bozulabilen karideslerin  hemen
islenmeleri  ya da dondurularak muhafazaya
alinmalart gerekmektedir (Unliisayin ve Giilyavuz
2008). Diger taraftan, uzun siireden beri, besinlerin
koku ve tat gibi Ozelliklerini arttirmak icin katki
maddesi olarak kullanldan baharat ve dogal
aromatik  bitkilerin  kullanimi  giderek  6nem
kazanmaktadir. Gidalarin taze olarak muhataza
edilebilmesi icin dogal katki maddeleri olarak,
esansiyel  yaglarin  kullanimi  yaygmlasmustir
(Fernandez-Lopez ve ark. 2005). Yapilan
calismalarda, esansiyel yaglarla muamele yapilmasi
ve vakum paketlemesi sonucu su triinlerinin raf
émriind arttirmada iyi sonuglar ainmustir (Karaman
ve ark. 2001, Kykkidou ve ark. 2009, Frangos ve
ark. 2010, Mastromatteo ve ark. 2010). Calismada
kullanilan esansiyel yaglardan Timol (C10H140) 5-
methyl-2-  isopropylphenol olarak adlandilir ve
monoterpenler  grubuna  aittir  (Lambert ve
ark.2001). Kimyasal yapt olarak, 2-methyl-5-1-
methylethyl phenol olarak adlandirilan karvakrol
monoterpenik bir fenoldir (Lee ve Jin 2008).
Eugenol ile ilgili olarak yapilan bir c¢alismada
karanfilin gligli antioksidatif etki gdsterdigi ortaya
konmustur (Lean ve Suhaila 1999). Bu calismanin
amaci farkll esansiyel yaglarin vakum paketlenmis
ve sogukta depolanmis karidesler tzerinde duyusal
ve kimyasal etkileri arastirilmasidir.

MATERYAL ve METOT

Yapilan mevcut ¢alismamizda; kekikten elde edilen
karvakrol, timol ve karanfilden elde edilen eugenol
esansiyel yaglarinin %1 oranindaki ¢ozeltisi,
Iskenderun  Korfezi'nde — avlanan  Penaens
semisuleatus  tird  karideslere muamele edilmis,

vakum pakette +4°Cde 24 giin depolanmis ve bu
sire boyunca kimyasal, duyusal parametrelerine
bakilarak raf Oomri incelenmistir. Trol aglariyla
avlanan karidesler Iskenderun Balik¢r Barinagrndan
sulu buz dolu strafor kutular icerisinde laboratuvara
ulastrdmustir.  Arastirmada  timol (Sigma  Aldrich
T0501), karvakrol (Sigma Aldrich 282197) ve
eugenol (Sigma Aldrich E51791) esansiyel yaglari
%71 oraninda kullanilmistir.  Mustafa Kemal
Universitesi Veteriner Fakiiltesi Besin Hijyeni ve
Teknolojisi Laboratuarina getirilen karideslerin
ortalama 13-18 cm boyunda ve 30-50 g agirliginda
oldugu tespit edilmistir. Calismamizda 1. grup; %1
timol, II. grup; %1 karvakrol, III. grup; %1

eugenol uygulanan gruplar, IV. grup ise kontrol
olarak belirlenmistir. Calismamizda kontrol grubu
ve esansiyel yaglarla muamele edilmis gruplar
hazirlanirken, her bir paket karides, 100 g lik
olacak sekilde polyamid bazli vakum posetleri
icine yetlestirilmis ve vakum makinesi (Laica SPA-
Viale del Lavaro, 1036020 Batbarano- Vicenza-
Italy) kullanilarak vakum paketleme
yapilmistir. Vakum paketlenen 6rnekler buzdolabi
ortaminda homojen olarak yerlestirilmis  ve
depolanmustir. Ttm analizler iki paralelli ve g
tekerriirlt olarak yapilmistir. Calismada elde edilen
veriler her analiz glnlnde her bir grup icin ¢
paket karides filetosu kullanilarak elde edilmistir.
0., 4., 8., 12, 16., 20., 24. ginlerde duyusal,
kimyasal analizler yapilmistr. pH 6l¢imi Santos ve
ark. (1981), Toplam Ucucu Bazik Azot (TVB-N)
analizi Antonacopoulos (1973), Trimetilamin Azot
Tayini (TMA-N) ise Boland ve Paige (1971)¢
gbre yapdmustir. Duyusal analiz d egerlendirmesi
(Neuman ve ark. 1985, Varlik ve ark. 1993a) gore
yapilmustir  (Cizelge.1). Varhk ve ark. (1993a)’na
gbre duyusal analiz puanlamasinda 3 ile 4 arast
puan alan su urinleri 6rnekleri “Kotd” olarak
degerlendirilmistir. Uriiniin duyusal
degerlendirilmesinde Mustafa Kemal Universitesi
Ogretim Uyeleri ve lisansiisti  Ogrencilerinden
olusan, daha o6nce bu tur calismalara katdmis
olan tecritbeli 5 panelist gérev almustir. Karides
etleri ¢ig ve pismis sekilde tabaklarda panelistlere
sunulmustur. Duyusal analiz icin Grinin renk,
koku, tat, ve genel kabul edilebilitlik kriterleri baz
alinarak 0- 9 araliginda degerlendirilmistir. Ayrica
karides etinin duyusal analizlerinde numuneler
pisitme denemeleri ile incelenmistir. Pisirme
denemelerinde agz1  kapakli  kaplara  konulan
karides 10 dakika stre ile 90 = 3°C’de su
banyosunda tutularak, muamelelerde renk, koku
ve tat kabul edilebilirlik dereceleri tespit edilmeye
calistlmistir.

Istatistiki Analizler

Standart sapma ve korelasyon varyasyonu icin, her
bir depolama giini ve muamele gruplarmnin g
tekrarlt olarak karsiagtirmast yapilmustir. Kimyasal
analizlerin ~ sonuglarina  SPSS 16.00  istatistik
programinda Duncan c¢oklu karsilastirma  testi
uygulanmustir. Duyusal analiz sonucu elde edilen
veriler SPSS istatistik paket programinda non-
parametrik  bir test olan “Kruskal-Wallis” ve
Duncan ¢oklu karsdastirma yontemine gore
yapimustir.

BULGULAR ve TARTISMA

Depolama siiresi boyunca pH degeri 6.81 ile 8.67
arasinda degisim goOstermistir. Tum gruplarda
depolama siiresince pH degerinde istatistiksel
olarak O6nemli farkhliklar gorilmistir (Sekil. 1).
Shamshad ve ark. (1990a) belirledigi pH bozulma
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limiti 7,95 degeri olup, kontrol grubu bu degeri 8.
glinde (7.96), karvakrol ile muamele edilen grup
20. glinde (8.17), timol uygulanan grup 24. giinde
(8.37) ve eugenol uygulanan grup ise 8.34 pH
degeri ile bozulma limitini 24. glinde asarak raf
Omrintd tamamlamuslardir. Sentiirk (1994) taze
karidesin  pH’sinin  yaklastk  7-7.2  arasinda
oldugunu, pH‘n depolama siresince artarak
kokusma evresinde 8.2ye kadar yiikseldigini
bildirmistir. Varlk ve ark. (2000) ise taze
karideslerin pH degerinin 6,73 oldugunu 4°C’deki
karideslerin ise 4.tnci ginde 7,81e ylkseldigini
ifade etmislerdir. Bilgin ve Erdem (2000),
karideslerin /Crangon crangon (Linnaeus, 1758)] pH
degerini pismis karideslerde deneme basinda
6,64+0,05 tespit etmis iken, ¢ig karideslerde
6,8310,04 olarak saptamiglardir. Deneme sonunda
(5.glin) ise, pismis karideslerde pH 7,77£0,05
bulunmus iken ¢ig karideslerde 7,9510,01 olarak
belitlenmistir. ~ Muhafaza  siiresince  artiglarin
istatistiki olarak 6nemli oldugunu bulmuslardir.
Calismamizda elde edilen pH degeri raf 6mri
sonlanma giinii degerlendirmesine gére Shamshad
ve ark. (1990b), Varlik ve ark. (2000), Erdem ve
Bilgin (2004)’nin  ¢alisma sonuglarina  benzerlik
gostermektedir.  Huss  (1988), balik ve su
trtnlerinin TVB-N degeri, 35 mg/100gt astiginda
“Bozulmus” olarak tanumlamistir. Buna gore
calismamizda kontrol grubu 8. giinde 58.09
mg/100g, karvakrol uygulanan grup 16. ginde
35.24 mg/100g, timol ile muamele edilen grup 20.
gunde 43.86 mg/100g, eugenol uygulanan grup ise
20. giinde 42.44 mg/100g TVB-N miktari ile kritik
limit degeti olarak baz alinan 35 mg/100g’1 asmustir.
Calismamizda kontrol grubunda karides etinin
baslangic TVB-N degeri 8,24 mg/100g olarak
bulunmustur. Baslangic TVB-N  degerleri tiim
gruplarda  birbirine yakin olmasina ragmen,
uygulanan esansiyel yag cesidine gére depolama
strecinde 6nemli degisiklik gostermistir (Sekil.2).
Gruplar arasinda TVB-N bakimindan istatistiksel
olarak onemli farkliliklar bulunmustur.
Calismamizda bulunan sonuglar Chang ve ark.
(1983)’nin  ¢alismast ile benzerlik gostermektedit.
Diger calismalarla, (Stockemer ve Niger 1984,
Shamshad ve ark.1990b) calismamizdaki, TVB-N
degeri farkinin, ¢esitli su Urinlerinin  cinsi,
avlanma mevsimi, olgunluk derecesi, cinsiyeti ve
yast gibi faktorlerden kaynaklandigt
dustuntlmektedir. Literatir taramalarinda tilkemizde
karideslerde hentiz béyle bir ¢alismanin yapilmadigt
tespit edilmistir. Calismamizda taze karides
baglangic TMA-N degeri 0.93£0.03 mg/100g
olarak bulunmustur. Depolama stiresince TMA-N
degerinde Onemli artiglar gbzlenmistir (Sekil.3).
Uygulama gruplarinin kendi aralarinda ve giinler
arast istatistiksel olarak farklliklar gbzlenmistir.
Varlik ve ark. (1993b) tiketime uygun su
urinlerinde TMA-N degerinin 1-8 mg/100g

oldugunu, 8 mg/100g TMA-N degerinin ise
bozulmuslugu belirledigini saptadiklarint
bildirmislerdir. 8 mg/100 g TMA-N degeri
bozulma kriteri olarak ele alindiginda, ¢alismamizda
kontrol grubu 8. giinde 8.30 mg/100g, karvakrol ile
muamele edilen grup 16. ginde 8.18 mg/100g,
timol uygulanan grup 20. ginde 8.33 mg/100g ve
eugenol uygulanan grup ise 20. ginde 8.21
mg/100g ile bu limit degeri asmis olup raf émrini
tamamlamistit. TMA-N sonuglarinin, pH, TVB-N
degerlerinin benzerlik gdstermesi, kimyasal degisim
parametrelerin raf 6mrini belirlemede birbirini
dogrulayict oldugunu gostermektedir.
Calismamizda  bulunan  sonuclar, Vatlik ve
ark.1993b, Stockemer ve Nieper. (1984), Bilgin ve
ark. (2006)’nin ¢alisma sonuclart ile benzerlik
gostermektedir.  Calismamiz, karides  etlerinin
esansiyel yag asitleriyle muamele edilmesi, vakum
paketlenmesi ve sogukta depolanarak kimyasal ve
duyusal degisimlerin g6zlemlenmesiyle, Ulkemizde
simdiye kadar yapilan benzer ¢alismalardan
ayrilmaktadir. Calismamizda baslangicta  ylksek
olan duyusal degetler zamanla azalma gdstermis ve
4 puanin altna distiginde kotd ve duyusal olarak
kabul edilemez olarak puanlanmistir. Buna gdre
kontrol grubu gérunis agisindan 3.82 ve koku 3.52
puan alarak 8. giinde ve tat olarak 4. giinde 3.70
puanla raf Omrind tamamlamstir. Karvakrol
uygulanan grup ise gorinis 3.79 ve koku 3.96
puanla 20. giinde, tat degerlerine bakildiginda ise
16. giinde 3.78 puanla raf émriinii tamamlamugtir.
Timol ile muamele edilen grup ise goriintis 3.87,
koku 3.76 ve tat 3.92 puanla raf omriini 24.
ginde tamamlamistir. Eugenol uygulanan grup ise
duyusal degerlendirmeye bakildiginda gériints 3.40
olarak 24. glinde, koku 3.56 ve tat 3.64 puanla 20.
ginde raf 6mrini tamamlamustir (Sekil.4, Sekil.5,
Sekil.6, Sekil.7). Bu duyusal degerlendirme sonuglart
pH, TVB-N degetleri ile raf émrd tamamlama
ginleri bakimindan benzerlik géstermektedir.
Erdem ve Bilgin (2004)’in calismasinda duyusal
bulgulara gbére 4°C*1’de muhafaza edilen pismis
karidesler 3 giin, ¢ig karidesler ise 2 glin tazeliklerini
korumuslardir. Matches (1982)a gbre 5,6°C’de
karideslerin  duyusal acidan 6. glne kadar
tiketilebilir diizeyde oldugu belirtilmistir. Varlik ve
ark. (2000ya gore 4°Ct1’de muhafaza ettikleri
karideslerin, duyusal olarak 2. giinde bozulduklari
belirlenmistir. Stockemer ve Nieper (1984) 7°C’de
depolanan karideslerin, duyusal degerlere gore
tiketilebilir  sinir  degerini 4. glinde astugiu
bildirmislerdir. Literatiir verileriyle bulgularimiz
arasinda bazi farkliliklarin bulunmasinin, incelenen
karides tirli ve muhafaza kosullarindan (vakum
paketleme, esansiyel yag asitlerle muamele)
kaynaklandig1 sonucuna varilmgtir.
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Cizelge 1. Duyusal analiz d egerlendirme formu (Neuman ve ark., 1985., Varlik ve ark., 1993a).
Table 1. Sensory Evaluation Form (Neuman and et al., 1985., Vatlik and et al., 1993a).

VERILEN PUAN
1 2 3 4 5 6 7 8 9

GORUNUS
Etin rengi beyazimsi, soluk beyaz yada ¢ok hafif bir renklenme
Degisik (hafif) tonlarda grimsi

Kuvvetli renklenme

KOKU

Hos, spesifik
Yavan, tatsiz, bayat
Balikst, agir

Koth koku

Keskin kot koku, amonyagimst

TAT

Cok iyi, spesifik-aromatik
1yi

Orta

Balikst, nahos, hafif act
Kuvvetli baligimst, act
Kuvvetli baligimsi, act
Cok koti, igreng

Genel Kabul Edilebilitlik

10
9
8
7
-—B KONTROL
1)
35 TimoL
=
ey KARVAKROL
=5
2 EUGENOL
1
o A
0.Gln 4.Gin 8.Gin 12.GOh 16.GUn 20.GUn 24.Gin
Sekil 1. Buzdolabinda depolama boyunca karides etinde pH degisimi
Figure 1. pH values variation during refrigerated storage
120
i 80 — ] @ TimoL
£ 6 m 2 ! : £ KARVAKROL
z % : : : : ® EUGENOL
3 2 TR n: B
= 0 _EEEI_J_@'_,__EE.: : B “

0.Giin 4.Gin  8Giin 12.Giin 16.Giin 20.Giin 24.Giin

Sekil 2. Buzdolabinda Depolama boyunca karides etinde TVB-N Degisimi
Figure 2. TVB-N values variation during refrigerated storage
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Sekil 3. Buzdolabinda Depolama boyunca karides etinde TMA-N miktarindaki
degisiklikler
Figure 3. TMA-N values variation during refrigerated storage
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Sekil 4. Buzdolabinda Depolama boyunca karides etinde gbriiniis testi degerindeki
degisimler
Figure 4. Apperance values variation during refrigerated storage
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Sekil 5. Buzdolabinda Depolama boyunca karides etinde koku testi degerindeki degisimler
Figure 5. Odor values variation during refrigerated storage
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Sekil 6. Buzdolabinda Depolama boyunca karides etinde tat testi degerindeki degisimler
Figure 6. Taste values variation during refrigerated storage
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Sekil 7. Buzdolabinda Depolama boyunca karides etinde olusan genel kabul edilirlik
Figure 7. General acceptability values variation during refrigerated storage

SONUC
Duyusal degetlendirme sonuglart pH, TVB-N,
TMA-N degerlendirmesi ile paralellik
gostermektedir. Kimyasal parametrelere

bakildiginda raf 6mrii acisindan eugenol uygulanan
grup her ne kadar uzun raf émri saglamis olsada
timol uygulamasi duyusal olarak ve driinlerin satis
imkanlart agisindan daha iyi oldugu icin, timol
uygulamastnin, su  Urinlerinde raf Omrind
arturmak icin esansiyel yag uygulamasi olarak
tercih edilebilir oldugu gérilmistiir. Daha ileride
yapilacak caligmalarda, farkli gaz oranlarimi igeren
paketleme ve farkli dozlart kapsayan her yorenin
kendi damak tadina yakin olan esansiyel yag
kullanilarak ve daha dusik sicaklik derecesinde
daha uzun siireli mevsimsel degisimleri icerecek
sekilde denemeler yapilabilir.
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Bu calismada, sicanlarda akrilamid ile olusturulan oksidatif strese karst antioksidan ajan olan taurinin koruyucu etkisinin
arastirlmast amagclandi. Toplam 35 Wistar erkek sigan standart rodent yemiyle beslendi ve 5 esit gruba ayrildi. 1. Grup:
kontrol grubu, II. Grup: sadece 15 mg/kg akrilamid 60 glin boyunca gastrik gavaj yolu ile verildi. III., IV. ve V. gruplara
sirastyla akrilamid (15 mg/kg) ve tautin 50, 100 ve 200 mg/kg/glin olacak sckilde agizdan gastrik gavaj ile verildi. Akrilamid
uygulamasi sicanlarin kan ve dokularinda malondialdehid seviyelerinde 6nemli bir artisa ve glutatyon seviyelerinde azalmaya
neden oldu. Buna ilave olarak, akrilamid uygulamasi ile siiperoksid dismutaz ve katalaz aktivitelerinin sican eritrosit ve
dokularinda azaldigt belirlendi. Taurin uygulamasinin akrilamid ile indiklenen oksidatif stres ve lipid peroksidasyonu
azaltarak viicudun antioksidan savunma sistemini iyilegtirdigi belirlendi. Bunun yani sira, taurin uygulamasi ile akrilamid
verilen siganlarin karaciger ve beyin dokularindaki IFN-y, IL-18, TNF-a ve NFkB mRNA ekspresyon diizeylerinin azaldigt
gbzlendi. Ayrica, taurin dokularda akrilamid ile indiiklenen oksidatif stres sonucu olugan histopatolojik degisikliklere kars1
koruyucu etki gosterdi. Sonucta doza bagli olarak taurinin sicanlarda antioksidan savunma mekanizmasini artirarak

akrilamidle indiiklenen oksidatif strese karst koruyucu etki gosterdigi belirlendi.
Anahtar Kelimeler: Akrilamid, taurin, sican, oksidatif stres, lipid peroksidasyon, sitokin.

Protective Effect of Taurine Against Acrylamide-induced Oxidative Stress in Rats

ABSTRACT

The aim of the present study was to evaluate the protective effect of taurine on acrylamide-induced oxidative stress in rats.
Totally, 35 Wistar albino male rats were fed standard rodent diet and divided into 5 equal groups. 1. Group: control group,
II. Group: only 15 mg/kg acrylamide treated by gastric gavage for 60 days. III., IV., and V. group received 15 mg/kg
acrylamide with taurine at dose of 50, 100 and 200 mg/kg/day by gastric gavage. Treatment with acrylamide significantly
increased malondialdehyde levels and decreased glutathione levels in blood and tissues of rats. Additionally, acrylamide
treatment decreased superoxide dismutase and catalase activities in erythrocyte and tissues of rats. However, treatment of
taurine inhibited acrylamide-induced oxidative stress, lipid peroxidation, and enhanced the antioxidant enzymes activities.
Besides, mRNA expression levels of IFN-y, IL-13, TNF-«, and NFxB in liver and brain of acrylamide exposed rats were
decreased with taurine treatment. Moreover, taurine exhibited protective action against the acrylamide-induced
histopathological changes in tissues. In conclusion, it was determined that taurine in a dose-dependent manner has a
protective effect against acrylamide induced oxidative stress by increasing antioxidant defense mechanism in rats.
Keywords: Acrylamide, taurine, rat, oxidative stress, lipid peroxidation, cytokine.
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GIRIS

Son yillarda yapilan calismalar, serbest oksijen
radikallerin noérolojik hastaliklar, astim, kanser,
diabetes mellitus, romatoid artrit gibi bir¢ok
hastaligin patogenezinde rol aldigini
gostermektedir.  Bununla  birlikte, radyasyon
maruziyeti, insektisidler, agir metaller, zehirli gaz
partikilleri ve bazt farmakolojik ilaglar gibi
faktorlerin - bu  hastaliklatla  baglantii  oldugu
belirtilmektedir (Engin ve ark. 2003, Mercan 2004).
Akrilamid, yapisinda vinil grubu bulunan, suda
¢ozlinlr ve poliakrilamid sentezinde kullanidan bir
monomerdir. Kagit, boya, kozmetik sanayinde
akrilamid stkca kullandmaktadir  (Saulo  2003).
Hayvanlar tzerinde yapilan deneyler akrilamidin
baslica sinir sisteminde, astrt miktarlarda ise kaslar
ve hormonal bezler tzerinde hasar yaptigini
gostermistir  (Dogan ve Meral, 20006). Yuksek
sicaklik uygulanan ve fazla miktarda nisasta iceren
gidalarin 6nemli miktarlarda akrilamid icerdigi ve
bunun sonucunda genotoksik ve nérotoksik etkiler
gosterdigi  bildirilmistic  (Zhang ve ark. 2005).
Patates cipsi ve kizartmast ile ekmek ve islenmis
tahillarin  Gzellikle akrilamid miktart bakimindan
6nem arz ettigi bildirilmektedir. Yiiksek sicaklik
uygulanan  gidalarda  akrilamid  olusumunun
aminoasitler (basta asparajin) ve reaktif karbonil
iceren indirgen sekerler arasinda gerceklesen
Maillard reaksiyonundan kaynaklandig
belirtilmektedir (Amrein ve ark. 2005, Claeys ve
ark. 2005).

Taurin  (2-aminoetan  silfonik asit), protein
sentezinde  kullanilmayan birka¢ aminoasitten
biridir ve esansiyel olmayan aminoasit olarak da
tanimlanmaktadir. Vicutta yaygin bir dagilima
sahiptir, bu da organizmada bircok gorevi
oldugunu  gostermektedir. Taurinin  biyolojik
aktiviteleri arasinda yer alan antioksidan kapasitesi
ile ilgili ¢alismalarda hiicre koruyucu ve hiicre
Slumini azaltici olarak hayati 6neme sahip oldugu
gbzlenmistir (Das ve Sil, 2012, Perfetio ve ark.
2012). Bununla birlikte taurin elektron transport
zincirini stabilize ederek mitokondriyal
fonksiyonlari giiclendirmektedir ve reaktif oksijen
tirlerinin Gretimini inhibe etmektedir (Jong ve ark.
2012). Taurin eksikliginde kardiyomiyopati, renal
disfonksiyonlar, — pankreatik [  hicrelerinde
disfonksiyonlar ve retinal fotoreseptorlerde kayip
gibi patolojik durumlar meydana gelmektedir (Zulli
2011). Taurinin htcresel duzeydeki etkileri,
kardiyovaskiiler ve merkezi sinir sistemleri gibi
cesitli doku ve organlardaki islevleriyle kendini
gOsterir.  Ayrica,  diyabet  komplikasyonlar,
hepatotoksisite, iskemi/reperfiizyon hasariyla iliskili
klinik durumlarda gosterdigi etkileri antioksidan
ozelligiyle iliskilendirilmektedir. Vicutta beyin, kas,
kemik dokusu ve kan hicrelerinde bol miktarda
bulunmaktadir. Cesitli hiicre kultira ¢alismalatiyla,

taurinin  osteoblastlar  Uzerinde uyarict  ve
osteoklastogenezisi  baskilayict  etkisi  oldugu
gOsterilmistir. Bu  caligmalar 1s181nda,  taurinin
normal kemik metabolizmast tizerinde de etkisi
oldugu dustnilmektedir (Yuan ve ark. 2010).

Bu calismada akrilamid ile kronik toksisiteye maruz
birakilan Wistar erkek sicanlarda taurinin koruyucu
etkisinin arastirtlmasi amaclandi. Bu amacla; kan ve
doku malondialdehid (MDA), glutatyon (GSH),
katalaz (CAT) ve superoksid dismutaz (SOD)
aktiviteleri belirlendi. Buna ilaveten, karaciger,
bébrek, beyin, akciger ve kalp dokular 1sik
mikroskobuyla histopatolojik olarak ve karaciger ile
beyin dokularinda IFN-y, IL-13, TNF-a ve NFkB
genlerinin mRNA ekspresyon dizeyleri Real-Time
PCR yontemi ile incelendi.

MATERYAL ve METOT

Taurin Sigma-Aldrich (St. Louis, MO, Amerika)’ten
ve akrilamid Merck (Darmstadt, Almanya)’ten
temin edildi. Diger tim kimyasal ve ayristiricilarin
hepsi analitik saflikta ticari firmalardan alindi.

Deneysel Protokol

60 ginltk ve 250-300 g agirligindaki saglikh erkek
Wistar albino sicanlar Deney Hayvanlari Arastirma
ve Uygulama Merkezi'nden (Afyonkarahisar/
Tirkiye) temin edildi. Hayvanlar oda sicakliginda
(25 °C) bagil nemde (% 50-55), yeteri kadar
standart rodent yemi ve suyla, 12 saat
karanlik/aydinlik periyotlarla  tutuldu. Standart
rodent yemi ve suyu sicanlara ad /lbitum verildi.
Sicanlarin deney uygulamasina basglanmadan 6nce
en az 7 glin boyunca ortama uyumlart saglandu.
Hayvanlar her grupta 7’serli olacak sekilde 5 gruba
ayrildt. Toplamda 35 Wistar erkek sican kullanildi.
Calismada kullanilan akrilamid ve taurin dozlari i¢in
onceden yapilmis ¢alismalardan yararlanildi (Das ve
ark. 2009, Patel ve ark. 2015). Deneysel asama 60
gin olarak ve deney gruplart asagida belirtildigi
sekilde yapildi.

Grup 1 (Kontrol); Kontrol grubuna, standart
rodent yemi ve temiz icme suyu verildi.

Grup 2 (Akrilamid); Akrilamid  grubundaki
sicanlara 15 mg/kg akrilamid gastrik gavaj ile
verildi.

Grup 3 (Tsot+ akrilamid); sicanlara 15 mg/kg
dozunda akrilamid ve 50 mg/kg taurin (T) gastrik
gavajla verildi.

Grup 4 (Tiot akrilamid); sicanlara 15 mg/kg
dozunda akrilamid ve 100 mg/kg taurin (T) gastrik
gavajla verildi.

Grup 5 (Taot akrilamid); sicanlara 15 mg/kg
dozunda aktilamid ve 200 mg/kg taurin (T) gastrik
gavajla verildi.

480



Ayrica, bu c¢alismanin  yapimast icin  Afyon
Kocatepe Universitesi Etik Kurul’undan 49533702-
46 referans numarast ile onay alindr.

Kan Toplama

Calismanin sonunda her bir gruptaki hayvandan
ksilazin-ketamin anestezi altinda intrakardiyak
olarak heparinli tiplere kan 6rnekleri alindi.

Eritrositlerin Hazirlanmasi

Toplanan kan 6rnekleri 30 dk icerisinde 4 °C’de 15
dk 600 g’de santrifiij edilerek plazma Srnekleri elde
edildi. Eritrositler izotonik solisyonda 3 kere
yikandi ve beyaz kismi atildi. Daha sonra ayni
miktarda izotonik solisyon ile eritrositlerin Uzerine
eklendi ve -20 °C’de buzdolabinda muhafaza edildi.
Kullanilacak ~ eritrosit ~ slspansiyonlart 5  katt
hacminde deiyonize su kullanilarak parcalandi.
Eritrosit lizatt 3 glin icerisinde Olgiillene kadar 4
°C’de saklandi (Wintetbourn ve ark. 1975).

Homojenatlarin Hazirlanmasi

Hayvanlardan alinan karaciger, bdbrek, beyin,
akciger ve kalp dokulart NaCl (% 0.97 1uk) ile iyice
yikandi. Dokularin kesilmesi islemi dondurulmus
0.15 M Tris—HCl tampon solisyonu (pH 7.4)
icinde yapildi. Kesim islemi sonrast dokular 0.15 M
Tris—HCl tampon solisyonunda (pH 7.4)da
homojenize edildi. Dokular 4 °C’de 2500 g’de 10
dk santrifiij edildi ve elde edilen siipernatantlar ise
-20 °Cde analiz edilinceye kadar sakland
(Kucukkurt ve ark. 2008).

Histopatolojik  Analizler igin  Dokularin
Hazirlanmas:

Calismanin  sonunda, histopatolojik analiz icin
sicanlardan karaciger, bébrek, beyin, akciger, kalp
ve testis dokulart % 10’luk formalin soliisyonu icine
alindi ve bu soliisyonda 48 saat stre ile tutuldu.
Dokular % 70-100 dereceli alkolden gegirilerek
dehidre edildi ve ksilen ile temizlendikten sontra
parafine gémilme islemi yapildi. Dokulardan 5-6
pum’lik  kesitler alindi  ve sonrasinda kesitler
hemotoksilen-cosinle ~ (H&E) ile  boyandt
Degerlendirme amaciyla dokular 15tk mikroskobu
alunda Olympus BX51 ve DP20 eklenilmis
Mikroskopik Dijital Resim Analiz Sistemi (Tokyo,
Japonya) ile incelendi.

Tam Kan ve Doku Homojenatlarinda
Malondialdehid ve Glutatyon Olgiimii

Lipid peroksidayon (LPO) i¢in 6nemli bir belirte¢
olan MDA, tam kanda Draper ve Hardley (1990),
doku homojenatlarinda ise Ohkawa ve ark.
(1979)’nin metoduyla belirlendi. Metotlarin prensibi
MDA ile tiyobarbittrik asit (TBA)’in reaksiyonu
sonucu ortaya c¢tkan rengin spektrofotometrik
Olcimine dayanmaktadir. Analiz sonunda elde
edilen bu rengin absorbanst spektrofotometrik
olarak 532 nm dalga boyunda o6lgildi. MDA

konsantrasyonu, MDA-TBA kompleksinin
absorbans  katsayisiyla  hesaplandt  ve kanda
nmol/ml veya dokuda nmol/g olarak ifade edildi.
GSH konsantrasyonu tam kan ve doku
homojenatlarinda Beutler ve atk. (1993) tarafindan
tanimlanan metot kullaniarak 6l¢tldi. Kisaca, 0.2
ml 6rnek Uzerine 1.8 ml distile su eklendi. 3 ml
presipitasyon soliisyonu (1.67 g metafosforik asit,
0.2 ¢ EDTA ve 30 g NaCl 100 ml distile suda
cozdirildl) numune ile kangtrldi.  Karisim
yaklastk 5 dk bekletildikten sonra filtre edildi
(Whatman No.42). Filtrattan 2 ml alindi ve daha
sonra bagka bir tiipe alinip 8 ml fosfat soliisyonu
(0.3 M disodyum hidrojen fosfat) ve 1 ml 5, 5'-
Dithio-bis (2-nitrobenzoik asit) (DTNB) eklendi.
Koér i¢in 2 ml dilte presipitasyon solisyonu, 8 ml
fosfat soltisyonu ve 1 ml DTNB reaktifi solisyonu
cklendi. GSH standart standart solisyonu (40
mg/100  ml)  hazirlandi.  Optik  dansite
spektrofotometrede 412 nm dalga boyunda
oleuldu. Sonuglar kanda nmol/ml veya dokuda
nmol/g olarak ifade edildi.

Eritrosit Lizatinda ve Doku Homojenatinda
stiperoksid dismutaz ve katalaz Aktivitesinin
Olgiimii

Eritrosit lizatinda ve doku homojenatinda SODun
antioksidan enzim aktivitesi Sun ve ark. (1988)’nin
metoduna goére Olcildi. Stperoksit radikallerinin
ortamda bulunan nitroblue tetrazolyumu mavi
renkli formazona indirgemesiyle elde edilen
absorbans spektrofotometrik olarak 560 nm dalga
boyunda belitlendi. SOD aktivitesi eritrosit igin
U/mgHb veya dokudaki protein icin U/ug olarak
ifade  edildi.  Eritrosit lizaunda ve doku
homojenatinda CAT aktivitesi strastyla Luck (1955)
ve Aebi (1974)’nin metoduna gére belitlendi. Bu
metotlar H>O2’nin katalaz tarafindan
parcalanmasina dayanir. Reaksiyon karisimi pH 7.0
olan, 50 mM fosfat tamponu; 10 mM H>O: ve
numuneyi icerir. HxOz’nin indirgenme hizi oda
wsisinda, 240 nm de 45 saniye stiresince izlendi. Bir
bitim CAT miktari, 25 °C’de pH 4.5’de her bir
dakikada 1 pmol H>O21 pargalayan enzim
miktarina karsilik gelir. CAT aktivitesi eritrosit igin
nmol dk'/mgHb veya dokudaki protein i¢in nmol
dk!/pg olarak ifade edildi. Hemoglobin (Hb)
Drabkin ve Austin (1935)e gore
siyanomethemoglobin ~ metoduyla  kolorimetrik
olarak belirlendi. Dokudaki protein icerigi ise
Lowry ve ark. (1951)’nin kolorimetrik metoduna
gore test edildi. Spektrofotometrik Slgtimler
Shimadzu 1601 UV-VIS  spektrofotometresi
(Tokyo, Japonya) kullanilarak gerceklestirildi.

Genlerin ekspresyonlarinin Real-Time PCR ile
belirlenmesi

IFN-y, IL-18, TNF-a ve NFkB genlerinin mRNA
miktarlar;,  Real-Time PCR  yontemi ile
RotorGeneQ cihazi kullanilarak ~ yapilds.
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Amplifikasyonlar 25 ul toplam tepkime hacmi
icerisinde; cDNA, hedef bolgeye 6zgii primerler
(Tablo 1) ve RT2 SYBR Green Mastermix karisimi
(Qiagen, Almanya; Kat. No:330500) ile steril H,O-
PCR grade kullanilarak gergeklestirildi. IFN-y, IL-
18, TNF-a ve NFkB genlerinin ifadelenmesini
normalize etmek icin GAPDH mRNA dizeyi
referans olarak alind1.

Istatistiksel Analiz

Aragtirmadan  elde edilen sonuglara SPSS  20.0
istatistik paket programinda tek yonli varyans (one
way ANOVA) testi uygulandi. Istatistiksel fark
bulunan sonuglara Duncan post-hoc testi uyguland.
Veriler "ortalama * standart sapma" olarak ifade
edildi. Tstatistiksel anlamlilik icin p<0.05 kabul edildi.

BULGULAR

Lipid Peroksidasyon ve Indirgenmis Glutatyon
Uzerine Etkisi

MDA diizeyi, serbest radikal aracih LPO’nun
belirteci olarak yaygin bir sekilde kullanidmaktadir.
Akrilamid uygulanan sicanlar kontrolle
kiyaslandiginda tam kan, bobrek, karaciger, kalp,
beyin, testis ve akciger MDA diizeylerinde belirgin
bir artis gézlendi (p<0.05). Buna karsin, taurin
verilen (artan dozuna bagh olarak) akrilamid
gruplarinda (Tablo 2) tam kan ve dokularda MDA
diizeylerinin azaldigt belitlendi (p<<0.05). GSH,
detoksifikasyonda ~ enzimatik  olmayan  bir
antioksidan madde olup, ksenobiyotik
metabolitlerinin  toksik  etkisini  azaltmaktadur.
Akrilamid gruplarinda tam kan, bobrek, karaciger,
kalp, beyin, testis ve akciger GSH duzeyleri kontrol
grubundan daha disiik bulundu (p<0.05). Buna
karsin, doza baglt olarak taurin gruplarinda tam kan
ve dokularin GSH duzeyleri akrilamid grubundan
daha yiiksek bulundu (Tablo 3).

Antioksidan Enzimlere Etkisi

Antioksidan enzimlerden SOD ve CAT aktiviteleri
sicanlarin eritrositlerinde, bébrek, karaciger, kalp,
beyin, testis ve akciger dokularinda Tablo 4 ve 5’te
gOsterildigi  gibi  belirlendi.  Akrilamid = grubu

kontrolle kiyaslandiginda, SOD ve CAT aktiviteleri
eritrosit, bobrek, karaciger, kalp, beyin, testis ve
akciger dokularinda dustik bulundu (p<0.05). Buna
karsin, artan miktarlarda taurin uygulamasinin,
akrilamid ile indiklenen SOD ve CAT aktivite
degisikliklerini  kontrol grubunda elde edilen
verilere dogru yaklastirdigt gézlendi (p<<0.05).

Inflamasyon genleri iizerine etkisi

Inflamasyon genlerinin {izerine olumsuz etkisi
bilinen akrilamidin karaciger (Sekil 1) ve b&brek
(Sekil 2) dokularinda IFN-y, 1L-18, TNF-a, ve
NFkB’nin mRNA ekspresyon diizeylerini arttirdigt
belirlendi (p<0.001). Buna karsin akrilamid ile
birlikte uygulanan taurin uygulamasinin artan
dozuna baglt olarak bu degetleri azalttid1 tespit
edildi (p<0.001).

Histopatolojik Degisiklikler

Deney gruplarindaki hayvanlara ait organlarindaki
histopatolojik  degisiklikler ~ ayrintili  olarak
tanimlanmis ve Sekil 3’de gosterilmistir. Akrilamid
grubundaki hayvanlarin beyin dokularinda neuronal
dejenerasyon ile fokal gliozis (Sekil 3A2),
akcigerlerinde  interalveolar  septal ~ dokuda
kalinlasma ve alveoller icetisinde 6dem olusumu
(Sekil 3B2), kalp dokularinda hyalin
dejenerasyonlart  (Sekil  3C2),  karacigerlerinde
sintizoidal dilatasyon ve hiperemi ile Kupffer hiicre
sayisinda artis (Sekil 3D2), b&brek
glomeruluslarinda  hiperemi ile tubulus epitel
hiicrelerinde dejeneratif degisiklikler (Sekil 3E2) ve
testis dokularinda tubulus semineforus contortus
lumenine dékilmis hiicreler ve yeni sekillenmeye
baslamis dev hiicre olusumlart ile spermatozoit
yogunlugunda azalma (Sekil 3F2) g6zlendi.
Akrilamid ve taurin verilen gruplarda, beyin,
akciger, kalp, karaciger, bébrek ve  testis
dokularinda akrilamid grubuna kiyasla daha az
histopatolojik degisim gdzlendi (Sekil 3A-F,3,4,5,
sirastyla). Kontrol grubunda, sicanlarin  beyin,
akciger, kalp, karaciger ve bo&brek dokularinda
o6nemli histopatolojik degisimler gbzlenmedi (Sekil
3A-F1, sirastyla).

Tablo 1. Hedef genlere ait primer dizileri, band uzunlugu ve referans pozisyonu
Table 1. Primers sequences, band length, and reference position of target genes

Gen Ad1 Primer dizisi Band Uzunlugu Referans Pozisyonu*
IFN-y F: 5-CACGCCGCGTCTTGGT-3, 71 275
R: TCTAGGCTTTCAAT-GAGTGTGCC
IL-1g F: 5'-CACCTCTCAAGCAGAGCACAG-3, 77 820
R: GGGTTCCATGGTGAAGTCAAC
TNE-o F: 5-CTTCTGTCTACTGAACTTCGG-3, 86 262
R: GTGCTTGATCTGT-TGTTTCC
NExB F:5-GGGACTATGACTTGAATGCGGTCC-3, 156 2265
R: CAGGTCCCGTGAAATACACCTCAA
GAPDH F: 5-“ACCACAGTCCATGCCATCAC-3', 200 1086

R: TCCACCACCCTGTTGCTGTA

*RefSeq sekansindaki amplikon pozisyonu.
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Tablo 2. Erkek sicanlarda tam kan ve doku MDA duzeyleri tzerine 15 mg/kg dozunda akrilamid ve 15 mg/kg akrilamid + 50 (Ts), 100 (Ti00) ve 200 (T200) mg/kg
miktarlarinda uygulanan taurinin (T) etkisi
Table 2. Effects of 15 mg/kg acrylamide and 15 mg/kg acrylamide plus 50 (Ts0), 100 (T100), and 200 (T200) mg/kg taurine (T) on MDA levels in blood and tissues of male rats.

Gruplar Kan Bobrek Karaciger Kalp Beyin Testis Akciger
(nmol/ml) (nmol/g doku) (nmol/g doku) (nmol/g doku) (nmol/g doku) (nmol/g doku) (nmol/g doku)
Kontrol 3.9010.74¢ 2.8210.62¢ 2.99+1.40v 0.54+0.16° 2.6710.61b 1.28£0.27¢ 1.82£0.46P
Akrilamid 5.97£0.812 5.99£0.912 5.6611.46 0.92%0.272 4.5410.73¢ 2.96%0.88¢ 2.48%0.65
Akrilamid+Tso 5.431+1.51 4.33£0.59> 4.08%1.410 0.8310.222 3.29£0.55> 1.9740.51b 2.17£0.58
Akrilamid+T100 4.51+1.01b¢ 3.4210.54¢ 4.06+1.77° 0.68+0.1920 3.20£0.31> 1.50£0.56b¢ 1.85£0.28b
Akrilamid+T200 4.2710.47¢ 3.15£0.51¢ 3.05+0.82> 0.68£0.25% 2.9240.56> 1.61£0.46b¢ 1.89£0.47>

Ortalama * standard sapma; n=7

sbe Ayni stitunda farkls hatrfleti tasiyan degerler istatistiksel olarak ¢nemlidir

Tablo 3. Erkek sicanlarda tam kan ve doku GSH dtizeyleri tzerine 15 mg/kg dozunda akrilamid ve 15 mg/kg akrilamid + 50 (Ts0), 100 (T100) ve 200 (T200) mg/kg miktatlarinda
uygulanan taurinin (T) etkisi
Table 3. Effects of 15 mg/kg acrylamide and 15 mg/kg acrylamide plus 50 (Ts0), 100 (T100), and 200 (T200) mg/kg taurine (T) on GSH levels in blood and tissues of male rats.

Gruplar Kan Bobrek Karaciger Kalp Beyin Testis Akciger
(nmol/ml) (nmol/g doku) (nmol/g doku) (nmol/g doku) (nmol/g doku) (nmol/g doku) (nmol/g doku)
Kontrol 44.00%6.33¢ 21.78%4.58¢ 24.14%4.357 12.531+1.992 16.80%2.31» 19.3841.922 17.6312.28#
Akrilamid 32.00£9.33b 9.03£0.86¢ 16.08%3.02° 8.50%+0.81¢ 11.96%1.174 13.41%£1.17¢ 11.30%+1.53b
Akrilamid+T'so 32.95%6.03> 10.36%2.31be 19.1714.852 9.41£1.11be 13.2241.13 13.98%1.73¢ 12.14£2.11b
Akrilamid+T100 36.3419.304b 11.16%3.31b¢ 19.69%5.63% 9.70£1.70bc 14.4811.52b¢ 15.75%1.08b 13.72+2.91b
Akrilamid+T290 43.2419.647 13.274£3.98b 22.84£5.66 10.37£1.71b 16.08%3.172b 16.99%+1.51b 13.64%3.78b

Ortalama * standard sapma; n=7

abed Ayni stitunda farkli harfleri tastyan degetler istatistiksel olarak 6nemlidir.
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Tablo 4. Erkek sicanlarda tam kan ve doku SOD duzeyleti tzerine 15 mg/kg dozunda akrilamid ve 15 mg/kg akrilamid + 50 (Tso), 100 (Tio0) ve 200 (T200) mg/kg

miktarlarinda uygulanan taurinin (T) etkisi

Table 4. Effects of 15 mg/kg acrylamide and 15 mg/kg acrylamide plus 50 (T's0), 100 (T'00), and 200 (T200) mg/kg taurine (T) on SOD levels in blood and tissues of male rats.

Grunlar Eritrosit Bobrek Karaciger Kalp Beyin Testis Akciger
up (U/gHDb) (U/ng protein) (U/pg protein) (U/ng protein) (U/ng protein) (U/pg protein) (U/ng protein)

11.62+1.88 6.07£0.88» 11.29+1.962 3.45%0.43» 2.40%0.532 7.01£1.262 8.67+1.21~

Kontrol

Akrilamid 7.651+1.68¢ 3.0310.34¢ 5.76%+1.09¢ 2.3540.49¢ 0.64£0.35¢ 4.58+1.18¢ 6.25+1.17b

Akrilamid+TS5 9.541+1.54b 4.3240.79> 7.74%1.51b 3.10%£0.552> 1.6310.15 5.53+1.11b 6.75%1.24b

Akrilamid+Tigo 9.71£1.50b 5.40%0.64~ 6.28+0.62b¢ 2.69%0.26b¢ 1.71+0.58> 6.42+1.022> 7.54+1.45%

Akrilamid+T20 9.77+1.69b 5.79+0.91~ 10.05+1.48 3.281+0.58ab 2.0310.362b 6.661+1.032b 7.34+1.28b

Ortalama * standard sapma; n=7

abe Aynt stitunda farkli harfleri tastyan degerler istatistiksel olarak 6nemlidir.

Tablo 5. Erkek sicanlarda tam kan ve doku CAT diizeyleti tizerine 15 mg/kg dozunda akrilamid ve 15 mg/kg aktilamid + 50 (T'sp), 100 (T100) ve 200 (T200) mg/kg miktatlarinda
uygulanan taurinin (T) etkisi
Table 5. Effects of 15 mg/kg acrylamide and 15 mg/kg acrylamide plus 50 (T's0), 100 (T100), and 200 (T200) mg/kg taurine (T) on CAT levels in blood and tissues of male rats.

Eritrosit Bobrek Karaciger Kalp Beyin Testis Akciger
Gruplar (nmol dk-1/gHb) (nmol dl.<-1 /ng (nmol dl.<-1 /ng (nmol dl.<-1 /ng (nmol dl.c1 /ng (nmol dl.c1 /ng (nmol dl'cl /ng
protein) protein) protein) protein) protein) protein)
Kontrol 11.931£2.48 8.17+1.45 13.73%£1.162 6.55£1.10¢ 7.38£0.53¢ 10.18%1.392 5.78£0.91»
Akrilamid 2.19£0.83¢ 3.96£0.92> 2.38£0.644 4.07£0.76> 4.74%0.88> 3.04%1.41¢ 1.91£0.74¢
Akrilamid+Tis 2.64£0.77¢ 4.17%0.46> 4.2610.84¢ 4.47%0.87° 4.78%0.94> 3.06x1.61¢ 2.59£0.57¢
Akrilamid+T100 9.3240.81> 4.59%1.01> 4.97£1.08¢ 4.58+0.92b 4.98%1.07> 5.50%1.17> 4.17£0.63¢
Akrilamid+T200 11.42%1.470 7.60£0.99= 6.47£0.80¢ 6.25%0.95¢ 6.65£0.93¢ 9.16+1.88¢ 5.50+0.78¢

Ortalama * standard sapma; n=7
abed Ayni stitunda farklt harfleri tastyan degetler istatistiksel olarak 6nemlidir.
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E3 Akrilamid
& Tso+Akrilamid

3 T,p0tAkrilamid
TogotAkrilamid

mRNA ekspresyon diizeyi
(kat degisim)

Sekil 1. Taurinin (T) 15 mg/kg akrilamid uygulanan sicanlarin karacigerindeki IFN-y, IL-13, TNF-«, ve
NFkB mRNA cekspresyon duzeyleri tizerine etkisi. Degerler ortalama t standard sapma seklinde her
grupta 7 doku olacak sekilde ifade edilmistir. »bed farkll harfleri tasiyan degetler istatistiksel olarak
6nemlidir, p<0.001.

Figure 1. The effect of taurine (T) on liver IFN-y, IL-18, TNF-«, ve NFkB mRNA expression levels of
rats treated with 15 mg/kg acrylamide. Values ate expressed as the mean + SD of 7 tissues per group. xb<ed
values with different letters are statistically significant, p<<0.001.
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Sekil 2. Taurinin (T) 15 mg/kg akrilamid uygulanan sicanlarin beyinlerindeki IFN-y, IL-13, TNF-a, ve
NFkB mRNA ekspresyon diizeyleri tizerine etkisi. Degerler ortalama * standard sapma seklinde her grupta
7 doku olacak sekilde ifade edilmigtir. »bed farkli harfleri tasiyan degerler istatistiksel olarak Gnemlidir,
p<0.001.

Figure 2. The effect of taurine (T) on brain IFN-y, IL-18, TNF-«, ve NFkB mRNA expression levels of
rats treated with 15 mg/kg acrylamide. Values are expressed as the mean *+ SD of 7 tissues per group. »bed
values with different letters are statistically significant, p<<0.001.
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Sekil 3. Erkek sicanlarin beyin (A), akciger (B), kalp (C), karaciger (D), bébrek (E) ve testis (F) dokularinda akrilamid ile
olusturulan hasar tizerine taurinin (T) etkisi. Tum sekiller H&E ile boyanmustir. Orijinal biyiitme orami olarak 20x ve 100
pm kullandmugtir. Ok ve ok baslart sirastyla beyinde neuronal dejenerasyon ile fokal gliozis (Sekil 3A2), akcigerlerde
interalveolar septal dokuda kalinlasma ve alveoller igerisinde 6dem olusumu (Sekil 3B2), kalp dokusunda hyalin
dejenerasyonlari (Sekil 3C2), karacigerlerde sintizoidal dilatasyon ve hiperemi ile Kupffer hiicre sayisinda artis (Sekil 3D2),
bébrek glomeruluslarinda hiperemi ile tubulus epitel hiicrelerinde dejeneratif degisiklikler (Sekil 3E2) ve testiste tubulus
seminiferus kontortus lumenine dékilmis hiicreler ve yeni sekillenmeye baglamis dev hiicre olugumlari ile spermatozoit
yogunlugunda azalma (Sekil 3F2) isaret etmektedit. (1) Kontrol grubunu, (2) 15 mg/kg akrilamid uygulanan sicanlari (3) 50
mg/kg (4) 100 mg/kg ve (5) 200 mg/kg T ile bitlikte 15 mg/kg aktilamid uygulanan sicanlari gostermektedir.

Figure 3. The effect of taurine (T) on acrylamide induced damage in brain (A), lung (B), heart (C), liver (D), kidney (E)
and testis (F) of rats. Representative figures were stained with H&E. The original magnification was 20x and the scale bars
represent 100 pm. Arrows and arrow heads indicate neuronal degenerations and focal gliozis in brain (Figure 3A2),
interalveolar septal thickening and edema in alveols of lungs (Figure 3B2), hyaline degenerations in heart (Figure 3C2),
sinusoidal dilatations, hyperemia and increase of Kupffer cells in liver (Figure 3D2), glomerular hyperemia and
degenerations in tubulus epithelial cells of kidney (Figure 3E2) and spilled cells in tubulus seminiforous contortus, giant
cell formations, and reduction in spermatozoa density in testis (Figure 3F2) of rats, respectively. (1) Control group, (2)
animals treated with 15 mg/kg acrylamide, (3) 50 mg/kg (4) 100 mg/kg and (5) 200 mg/kg T plus 15 mg/kg acrylamide.

TARTISMA

Akrilamid oldukea yiiksek kimyasal aktiviteye sahip
a-B-ansature karbonil bilesigi olup, olduk¢a yaygin
kullanima sahiptir. Endustriyel alanda yaygin
kullaniminin yani sira besinlerin pisirilmesi sirasinda
da olugmaktadir. Gida kaynakli olan akrilamid insan
saghgr icin tehlike arz etmektedir. Cunkd bu
gidalarla siirekli olarak viicuda alinmaktadir. Gida
kaynakli akrilamid, karbonhidrat ve Ozellikle
asparajin aminoasidi iceren gidalarda, kizartma ve
firinlama islemi sirasinda 120 °C tzerine cikan
pisitme islemi sirasinda maillard reaksiyonu ile
gerceklesmektedir.  Haslama  islemi  sirasinda
akrilamid  olusumu ile ilgili risk  olmadig

bildirilmistir (Becalski ve ark. 2002, Tyl ve Crump
2003).

Oksidatif stres bir¢ok biyolojik molekiile 6zellikle
DNA’ya, proteinlere ve lipidlere zarar vermektedir.
Bu hasar hicrelerde reaktif oksijen tirleri
tarafindan meydana gelebilmektedir (Cai ve ark.
1997). ROS hiicre membranindaki lipidlerin okside
olmasina yol agar ve membran biitiinliigii bozulur.
Akrilamidin ~ lipid  peroksidasyon = meydana
getirdigine iliskin bircok c¢alisma bulunmaktadir
(Yousef ve El-Demerdash 2006, Zhang ve ark.
2010, Allam ve ark. 2011, Hamdy ve ark. 2012,
Zhang ve atk. 2012). Bununla bitrlikte baz
arastirmalarda akrilamidin insanlar icin nérotoksik,
deney hayvanlart i¢cin nérotoksik ve kanserojen etki
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gOsterdigi belirtilmistir (Rice 2005, Robert ve ark.
2010).

Yapilan bu calismada; oksidatif stresin yikict
etkilerini engellemek icin antioksidan etkinligi
bilinen taurinin akrilamidin yol actig1 oksidatif stres
Uzerine etkileri arastirildi. Viicutta higbir proteinin
yapisina girmeyen taurinin ¢ok sayida biyolojik
islevi wvardir. Taurin ozmotik homeostazin ve
kalsiyum homeostazinin saglanmasinda diizenleyici
role sahiptir. Lipidleri peroksidasyona karst
koruyarak membran stabilizasyonunu
saglamaktadir. Ayrica, taurinin imminmodulator
etkisi de bulunmaktadir. Bu etkisini inflamatuar
yanitt diizenleyici rol oynayarak proinflamatuar
sitokin salintmint baskilamast ve enflamatuvar yanitt
diizenlemesi ile gostermektedir (Bouckenooghe ve
ark. 2006, Wojtecka-Lukasik ve ark. 2000).

Yousef ve El-Demerdash (2000), ergin sicanlara
0.5, 5, 25, 50, 250 ve 500 pg akrilamidi 10 hafta
boyunca oral olarak uygulamislar ve calisma
sonunda erkek sicanlarin karaciger, beyin, testis,
akciger ve  bobrek  dokularinda  hasarlar
gbzlemlemislerdir. Ayrica, LPO miktarinin testiste
25 g akrilamid uygulanmasindan sonra arttigini
belirlemislerdir. Zhang ve ark. (2010) yaptiklart
calismada ise farelere 10 mg/kg akrilamidi 60 giin
boyunca  uygulamis ve deney sonucunda
epididimisteki spermlerde LPO diizeyinin arttigini
ve spermlerde SOD enzimi aktivitesinde azalma
meydana geldigini ifade etmislerdir. Allam ve ark.
(2011) yapuklari caligmada sicanlarda gebeligin 7.
giniinden doguma kadar ve gebeligin 7. giiniinden
laktasyon doéneminin sonuna kadar 10 mg/kg
akrilamidi anneye oral olarak uygulamis ve sonucta
gelismekte olan beyinde LPO miktarinin  ve
oksidatif  stresin  arttigint  g6zlemlemislerdir.
Bununla birlikte gelismekte olan beyin dokusunda
SOD enzim aktivitesinde azalma oldugunu ifade
etmiglerdir. Hamdy ve ark. (2012) sicanlara sekiz
hafta boyunca 5, 10 ve 15 mg/kg akrilamid
uyguladiklart ¢alismalarinda, plazmada olusan LPO
miktarinda artis saptamuslardir. Yapilan bir baska
calismada Zhang ve ark. (2012) farelere 7 ve 14 giin
boyunca 50 mg/kg akrilamidi intraperitoneal olarak
uygulamislar ve calisma sonucunda testiste LPO
miktarinda artis belirlemislerdir. Benzer sekilde,
yapilan bu calismada da akrilamidin dokularda LPO
diizeyini arttirdigt ve GSH duizeyini azalttigi tespit
edildi. Koruyucu amagla verilen taurinin ise
antioksidan etkinligini gostererek akrilamid ile artan
LPO ve azalan GSH dizeylerini normale
yaklastirdigt gézlendi.

Akrilamidin  katalaz enzimi Uzerine etkilerinin
incelendigi aragtirmalarda; Zhang ve ark. (2010)
farelere 10 mg/kg akrilamidi 60 giin boyunca oral
olarak uygulamislar ve calisma sonunda CAT enzim
aktivitesinde anlamli bir fark tespit edememislerdir.

2012 yilinda yapilan baska bir calismada ise 4 ve 8
mg/kg akrilamid 60 giin boyunca siganlatin sularina
karistirilarak uygulanmis ve hayvanlarin
testislerinde 8  mg/kg  akrilamidin =~ CAT
dizeylerinde  artis  olusturdugu  belirtilmistir
(Camacho ve ark. 2012). Yousef ve El-Demerdash
(2000) ergin sicanlara 0.5, 5, 25, 50, 250 ve 500 pg
miktarlarda akrilamidi 10 hafta boyunca oral olarak
uyguladiklart  calismalarinda, 50 pg  akrilamid
uygulamasindan  sonra testiste SOD  enzim
miktarinin  arttugint belirlemislerdir. Buna karsin,
Zhang ve ark. (2012) yaptigt calismada, farelere 7
ve 14 gun boyunca 50 mg/kg akrilamidin
intraperitoneal olarak uygulanmast sonucunda,
hayvanlarin  testis dokularinda  SOD  enzim
aktivitesinde azalma tespit etmislerdir. Yapilan bu
calismada ise akrilamid uygulamast ile SOD ve
CAT aktivitelerinin dokularda azaldigi, bununda
artan oksidatif strese bagl olarak dokularda SOD
ve CAT’in etkin rol oynayarak tikenme durumuna
geldigi belirtilebilir. Buna ilaveten, akrilamid ile
beraber verilen taurin gruplarinda, SOD ve CAT
enzim aktivitelerinin artti1 bununda taurinin (artan
doza baglt olarak) antioksidan etkisini gOstererek
olusan oksidatif stresi inhibe ettigini ve antioksidan
enzim aktivitesini artirdigini géstermektedir.

Inflamasyon, kanser, diyabet, kardiyovaskiiler ve
norolojik hastaliklar basta olmak Uzere bircok
kronik hastaligin nedeni oksidatif stres ile
iliskilendirilmektedir. Bununla birlikte AP-1, NFkB,
P53 gibi gesitli transkripsiyon faktdrlerinin oksidatif
stres durumunda aktive olduklart belirtilmektedir.
(Ince ve ark. 2017). Yapilan bir¢ok calismada,
deney hayvanlarina (sigan, fare) akrilamidin 20
mg/kg (Abdel-Daim ve ark. 2014), 40 mg/keg
(Alturfan ve ark. 2012) ve 50 mg/kg (Zhang ve ark.
2013) gibi farkll dozlarda uygulanmasi sonucu
inflamatuar sitokinlerden IL-1f, IL-6 ve TNF-a'nin
sertum ve/veya plazma duzeylerinin - 6nemli
derecede arttifi belirtilmistir. Bununla  bitlikte,
antioksidan maddelerin (cemen yag1, resveratrol ve
allisin)  akrilamid ile birlikte uygulanmasinin
sonucunda bu diizeylerin normal seviyelerine
yaklastigr ifade edilmistir. Acaréz ve ark. (2018)
sicanlarda yaptiklari bir calismada karaciger ve
beyin  dokusunda  akrilamidin  inflamatuar
sitokinlerin ekspresyon diizeylerinin (IF-y, TNF-a,
IL-18, ve NFkB) artisina neden oldugunu, buna
karsin artan dozda bor uygulamasinin akrilamid ile
artan  ekspresyon  diizeylerini  baskiadigini
bildirmislerdir. Belirtilen ¢alismalarla uyumlu olarak
yapilan bu ¢alismada da akrilamidin sicanlarin
karaciger ve beyin dokularinda IF-y, IL-13, TNF-a,
ve NFkB ekspresyon diizeylerini arttirdigl, bu
durumun aksine akrilamid ile birlikte verilen
taurinin akrilamid uygulamast ile artan ekspresyon
diizeylerini azalttgt belirlendi. Bu durum taurinin
(artan dozuna bagli olarak) antioksidan etkisini

487



gostererek olusan inflamasyonu inhibe ettigini
gostermektedir.

Hammad ve ark. (2013) yaptklart calismada;
akrilamidin artan dozlarina baglt olarak dokularda
siddetli bozukluklara sebep oldugunu
belirtmislerdir. Calismalarinda sicanlarin  diyetine
ilave edilen 10 mg/kg akrilamidin karaciger
hticrelerinde dejenerasyonlar  olusturdugunu, 30
mg/kg akrilamidin karacigerde konjesyon ve
sitoplazmik vakuolasyonlara, kalp damarlarinda
konjesyona, 90 mg/kg akrilamidin karacigerde
siddetli dejenerasyonlara ve bobreklerde lenfosit
infiltrasyona, dejenerasyona ve nekroza sebep
oldugunu belirlemislerdir. Fiedan ve ark. (2015)
yaptiklari calismada iki hafta boyunca 25 mg/kg
akrilamid uygulamasinin  siganlarin  testislerinde
seminifer tubullerdeki spermatojenik hiicrelerde
konjesyon, intersitisyel 6édem ve dejenerasyon ile
dev spermatid hiicreler, nekroz ve kalsifikasyon
olusumunu gozlemlemislerdir. Totani ve ark.
(2007) % 7 oraninda akrilamid ihtiva eden yagt
tiketen sicanlarin  karacigerlerinde nekroz ve
kanlanma ile bdbreklerde kanlanma, hidrofik
dejenerasyon  ve  glomeruluslarda  daralmanin
oldugunu tespit etmislerdir. Benzer sekilde yapilan
bu calismada; akrilamidin beyin dokularinda
néronal dejenerasyon ile fokal gliozis, akcigerlerde
interalveolar septal dokuda kalinlasma ve alveoller
icerisinde  6dem, kalp  dokularinda  hyalin
dejenerasyonlar, karacigerlerde sintizoidal
dilatasyon ve hiperemi ile Kupffer hiicre sayisinda
artts, bobrek glomeruluslarinda hiperemi ile tubulus
epitel hiicrelerinde dejeneratif degisiklikler ve testis
dokularinda  tubulus  seminiferus  kontortus
lumenine dékilmus hiicreler ve yeni sekillenmeye
baslamis dev hiicre olusumlart ile spermatozoit
yogunlugunda azalma meydana getirdigi tespit
edilmigtir. Buna karsin, yapilan bu ¢alismada
antioksidan ve bircok farmakolojik etkinlige sahip
taurinin artan dozuna bagh olarak beyin, karaciger,
bébrek, kalp, testis ve akciger dokularini akrilamid
ile olusan hasara karst korudugu belirlenmistir.
Sonu¢ olarak calismada, taurinin  sicanlarda
akrilamid ile induklenen oksidatif stres hasarina
karst koruyucu etkiye sahip oldugu belirlendi.
Taurin bu gozlenen koruyucu etkilerini antioksidan
aktivitenin artisint saglayarak, LPO’yu engelleyerek
ve inflamasyonu baskilayarak meydana getirmistir.
Ayni zamanda, taurin akrilamid ile olusan doku
hasarina  karst  htcreleri  korumakta  ve
rejenerasyonu artirmaktadir.
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ABSTRACT

The safe use of antioxidants and reliable antioxidant applications are a new and important area of debate that has
been continuing for decades. Today, antioxidant plants, phytochemicals and products are the most popular
supplements. Most of them are sold without a prescription, even though they are used like a medicine. We know
many scientific reports on the benefits of antioxidants but there are also studies that question whether antioxidant
products have harmful effects. Nowadays antioxidant safety is the one of the most important medical topics at
oxidant-antioxidant balance and oxidative stress. A physiological balance exists between oxidants and antioxidants in
the organism only when both of the forces are present. Studies which document that antioxidant supplementation,
inhibits the reactions and effects of free radicals are common. But, it is still unclear which exogen antioxidants and
doses should be used to have an efective defense and also what safe limit is for use. It is possible that many of
antioxidant phytochemicals and supplements can cause harmful changes in tissues by initiating different mechanisms.
The most important question related to the use of antioxidants and antioxidant safety is the names, amounts, kinds
and forms of them. The term antioxidative stress is a new strategic word on oxidant-antioxidant balance as like as
oxidative stress. Antioxidants may cause stress in tisssues which refers to antioxidative stress. An extraordinary
attention on antioxidative stress is a necessity for today's medical disciplines. The further studies are needed to clarify
the harmful effects of antioxidants and antioxidative stress for the antioxidant safety. We aimed to focuse on the
antioxidant-induced stress. For this reason, some reports on the harmful effects of antioxidants have been discussed
in this paper.

Keywords: antioxidative stress, harmful effects of antioxidants, antioxidant safety

Antioksidan Giivenligi ve Antioksidan Kaynakl: Stres
oz

Antioksidanlarin giivenli kullanim1 ve giivenilir antioksidan uygulamalari, on yillar boyu devam edecek yeni ve 6nemli
bir tartisma alamidir. Giniimizde antioksidan bitkiler, fitokimyasallar ve antioksidan driinler en popiler tibbi
drinlerdir. Buyik cogunlugu ilag gibi kullanilmasina ragmen bu triinler recetesiz satilir. Antioksidanlarin yararlar
hakkinda birgok bilimsel rapor biliyoruz, ancak olasi zararl etkilerini sorgulayan arastirmalar ve 6nemli rapotlar da
mevcuttur. Aslinda antioksidan giivenligi, oksidan-antioksidan denge acisindan ¢ok Onemlidir. Organizmadaki
oksidanlar ve antioksidanlar arasindaki fizyolojik denge, bu kuvvetlerin her ikisi de gecerli oldugunda dengelenir.
Antioksidan takviyesinin serbest radikal trtinleri, reaksiyonlart ve etkilerini engelledigini belgeleyen caligmalar
yaygindir. Ancak, etkili bir antioksidan savunmaya sahip olmak i¢in hangi ajanlarin ve hangi miktarlarin gerekli oldugu
ve hangi dozun kullanim i¢in giivenli limiti yansittig1 hala bilinmemektedir. Ekzojen antioksidan fitokimyasallarin ve
eklerin ¢ogu, farkli mekanizmalar baslatarak dokularda zararlt degisikliklere neden olabilir. Antioksidan kullanimi ile
ilgili en 6nemli nokta, antioksidan giivenligi icin bunlarin cesitleri, formlari ve dozlaridir. Antioksidatif stres terimi
oksidatif stres gibi oksidan-antioksidan dengesinde yeni bir stratejik kelimedir. Antioksidanlar, dokulart antioksidatif
stres olarak adlandirilan strese yonlendirebilir. Olaganiistii bir dikkat ve antioksidan strese odaklanmak, bugiiniin
medikal disiplinleri i¢in bir zorunluluktur. Antioksidan giivenlik icin antioksidan ve antioksidan stresin zararl
etkilerini aydinlatmak icin daha ileri caligmalara ihtiya¢ oldugunu distiniyoruz. Bu detlemenin amact antioksidan
kaynakli strese odaklanmaktir, bu nedenle bu ¢alismada antioksidanlarin zarath etkileri hakkindaki mevcut kanitlar

analiz edilmistit.
Anahtar kelimeler: Antioksidan giivenligi, antioksidatif stres, antioksidanlarin zararl etkileri
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INTRODUCTION

Ocxidative stress is the imbalance among the
production, scavenging and removing of reactive
oxygen and nitrogen metabolites (ROS/NOS)
leading to potential oxidative damage. ROS and
NOS are considered to be the toxic byproducts of
aerobic metabolism. Despite this, they are always
not harmful and they also have some benefits.
Nowadays, it is clear that ROS and NOS may
manage many physiological processes such as
induction of stress response, systemic signaling and
pathogenic defense (Aslan, 1999; Kogyigit and
Selek, 2016). Our main emphasis is not the
benefical effects of reactive species. We aimed to
emphasize the possible harmful effects of
antioxidants.

The imbalanced antioxidant potantial and increased
antioxidant activity is called antioxidative stress. It
was reported that antioxidant-induced stress may
be as dangerous as well as oxidative stress (Diindar
and Aslan, 2000). There are various reports on
harmful effects of exogenous antioxidants in case
of overconsumption. Antioxidants can deactivate
ROS/NOS and reduce oxidative stress. This is not
always auspicious in relation to disease formation
and for adjourning aging (Pechanova et al., 2009;
Narwaley et al., 2011; Poljask and Milisav, 2012).
There are theories that the evolution of aerobic
organisms is a consequence of the gradual
adaptation of oxygen. Cellular antioxidant enzymes
such as superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GSH-Px) are
believed to facilitate this adaptation (McCord et al.,
1971).

Antioxidant enzyme activities regulate oxidant-
antioxidant redox. SOD, CAT, GSH-Px, which
helps the removal of over increased reactive
species. However, endogenous  antioxidant
reactions are supported with exogenously reducing
agents, such as vitamin E, vitamin C, lipoic acid,
carotenoids, polyphenols and phytochemicals,
which play an obligatory role in many antioxidant
mechanisms in aerobic organisms. For this reason,
there is a serious requisition for exogenous
antioxidants to prevent the oxidative stress circule.
However, this fact must also be considered.
Because some studies show that many antioxidant
substances such as nitric oxide and melatonin also
can take an oxidative role (McCord et al.,, 1971;
Aslan and Dindar, 1998; Munik and Ekmekcioglu,
2015).

An antioxidant does not always exhibit the same
antioxidant effect, even that it is not effective at all
(Cevik and Aslan, 2015, Evcimen et al., 2018). An
antioxidant has a weak antioxidant effect in some
tissues, , but in the other tissues has a strong
antioxidant effect (Evcimen et al., 2018). Since
antioxidant safety is the target in this study,

antioxidant-induced stress will be discussed. We
aim to review reports and evidences on antioxidant
stress-induced deleterious roles on health, disease
and aging.

Antioxidant Safety

Although reactive species are always not harmful,
antioxidants are not necessarily useful (Halliwell
and Gutteridge, 1995). They try to give or take an
electron to complete the pair. But by pairing,
antioxidants cannot complete themselves and thus,
act like reactive species. These reactive antioxidants
are tried to recycle by other antioxidants. In aerobic
metabolisms, it is all a matter of equilibrium
(Villanueva and Cross, 2012). However, this
balance can be broken if antioxidant levels overrun
the reactive species. The term "antioxidative stress"
is suggested for such unbalance (Diindar and
Aslan, 2000).

Recent, extraordinary attention has been paid to
effects of exogenous antioxidants and antioxidant
supplements. Are exogenous antioxidants always
safe? What is the safe dose of antioxidants and the
safety margin? Which indicators can be
antioxidative stress markers. These questions and
many of others show that there must be a new
approach on antioxidants and policy of antioxidant
safety (Villanueva and Cross, 2012). Despite these
questions, the reality does not change: Since
acrobic life depends on free radicals and
antioxidants, it is not possible to escape from them.
For an antioxidant preparat used in medicine, ithis
question should be discussed: How do these
antioxidant agents fit with available physiologic
free radical defense? There are to much data on
reducing effects of antioxidants on oxidative stress.
But, it is still unclear which antioxidants and which
doses are effective (Diundar and Aslan, 2000).
There are reports that physiologic amounts of beta
carotene and vitamin C act as antioxidants, but at
pharmacologic levels, they turn into prooxidants
(Herbert, 1993). The query of whether the
antioxidant-induced stress is expressed in a
delicately integrated physiologic system is still
unacknowledged (Gutierrez, 2006;) These are also
important questions about antioxidant substances.
For example, antioxidants are peroxidation
inhibitors. An antioxidant as an inhibitor of lipid
peroxidation, is unseemly to be benefical if the
oxidative injury is mediated by an assault on DNA
proteins. From this point of view, many
antioxidants may be thought to have the potential
to accelerate free radical damage. If the
antioxidants scavenge the radicals, antioxidant-
derived  radicals may causetissue  damage
(Villanueva and Cross, 2012).

Elevated amounts of exogenous and synthetic
antioxidants play prooxidant role in the entity of
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iron and copper ions (Azam et al, 2004).
Prooxidant activity is related to the molecular
structure and concentrations of antioxidants (Yen
et al., 2003). In recent cell modeling studies, some
polyphenolic compounds known as antioxidants,
such as quercetin, catechin, and gallic acid, also
show prooxidative effects at the same time
(Robaszkiewicz et al., 2007).

In environments where antioxidants are present in
high concentrations, metal ions have been reported
to cause undesirable effects. For example, in the
presence of metal ions, some antioxidant
phytocemicals like epigallocatechin has been
indicated to cause damage to isolated cell DNA.
Some antioxidants as natural polyphenols have
prooxidant activity with iron and copper ions. The
mechanism of natural antioxidants is as follows:
First, it removes hydrogen atoms (-RH) or
electrons (-R-) on the reactive molecules. The
second mechanism acts as a single oxygen activator
when the antioxidant absorbs UV radiation or
enters the antioxidation reaction as a transition
metal ion chelator, or converts hydroperoxides to
non-radical products. However, antioxidants show
the most reductive power by increasing the harmful
hydroxyl radical formation from peroxides by the
Fenton reaction in the presence of metal ions,
especially Fe3+ and Cu+. When antioxidant
polyphenols destroy reactive molecules, they come
back into less reactive phenoxy radicals balanced
by delocalization of unpaired electrons round the
aromatic ring. The prooxidant activities of
antioxidant phenols are thought to be related to the
hydroxyl groups number in the molecule. While
prooxidant activities of mono and
dihydroflavonoids can not be shown, it has been
shown that flavonoids with more than three
hydroxyl groups in B-group, significantly increase
hydroxyl radical production by Fenton reaction.
The prooxidant reactions of flavonoids may also
depress their beneficial effects. It has been shown
that high levels of antioxidant polyphenols lead to
mitochondrial impairment and apoptosis. All of
these, high amounts of exogenous and synthetic
antioxidants may be potent stressors for tissues by
reacting with beneficial reactive species for
physiological homeostazis (Kogyigit and Selek,
2016).

Antioxidant-Induced Stress

Antioxidants can become reactive substances when
they lose or receive electrons as they react with
radical species and they can become harmful
(Sevanian et al, 1991). This fact is often
disregarded by the authors who advocate the use of
exogenous antioxidants: these compounds do not
only function as an antioxidant, but also have a
prooxidant action. In some conditions, the well

known antioxidant vitamin C, may act as a
prooxidant. For example, vitamin C addition up to
concentration of 0.2 mM potentiated 10 nM,
increases iron induced lipid peroxidation, due to
maximal increased thiobarbituric acid subtances.
Reduction of Fe3+ is a common accepted
explanation for the prooxidation of vitamin C. The
combination of vitamin C and iron cause intense
oxidation of PUFA’s and the prevalence of vitamin
C to act as either a threatening factor or scavenging
agent (Niki, 1991). It is reported that this
combination causes intestinal tissue damage via
lipid peroxidation (Herbert, 1993). Similar
antioxidant prooxidant transformations have been
shown for vitamin E as well:

Reaction 1: Vit E + LOOH —vit Ee + LO* +
H,O

Reaction 2: Vit E + LOO* —LOOH + vit Ee
Reaction 3: LOOH + Vit Ee —vit E + LOOe
Reaction 4: LH + LOO* —-LOOH + Le

Reaction 2 is equilibrium reaction. Cell membranes
contains excess fatty acid over vitamin E
molecules. This suggests that vitamin E is
consumed while the fatty acid concentration is
stable during peroxidation. Reaction 1 declares that
the vit E/ fatty acid increases. The ratio LOOH/
vit E accumulation of LOOH reverses reaction 3
and stimulates the propagation reaction 4. Optimal
vitamin E should be given at such a dose that the
propagation will effectively be inhibited. However,
this vitamin E amount is not known exactly
(Witting, 1980). Some studies demonstrate that
exogenous  antioxidants may also  posses
antioxidative  stress potential under certain
conditions, the interaction and cyciling of
antioxidants should also be reconsidered. Common
scientific approach was that any dose of
antioxidants were not harmful. Nowadays, harmfu
effects of antioxidants are invsetigated by different
studies and furtherthe safe use of antioxidants is
recommended. Taking different doses of
antioxidants may cause antioxidant-induced risks in
tissues. They may even cause some serious
consequences such as increased risk of heart attack.
(Herbert, 1993). For example, more than 600
mg/day of tocopherols can interfere with the
absorption of vitamins A and K, while 200 to 600
mg/d of it appear innocuous (Clarkson, 1995).
Extended doses of 1 mg/day and 5 mg/day of
selenium have been reported to have antioxidant-
induced stress effects (Dundar and Aslan, 2000).
Not only exogenous antioxidants, but also
endogenous antioxidant enzymes can some times
be antioxidative risk faktors (Villanueva and Cross,
2012).
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Redox potential of antioxidants could be related to
the antioxidant-induced stress. The redox potential
density of famous antioxidants can be listed as
follows: [-carotene 0.65 V, vitamin E 0.50 V,
flavonoids 0.25-0.50 V, vitamin C 0.01 V and uric
acid 0.25 V (Martin et al., 1999). It is well known
that the network of antioxidant called antioxidant
defence is obligatory (Halliwell, 2008). «-
tocopherol (o-TC) produces a-tocopheroxyl radical
when it reacts with reactive moleculs such as
superoxide or peroxynitrite. o tocopheroxyl radical
is then recycled to a- tocopheroxyl by different
antioxidants such as vitamin C and glutathione.
After ascorbic acid recycles vitamin E, it is
transformed to the ascorbyl radical which has a
lower reactivity than vitamin E. o-TC radical is also
recycled to vitamin E by B-carotene. Therefore, t
application of vitamin E with other antioxidant is
essential. It is also substancial to have prominent
levels of antioxidants to allow recycling of
antioxidants to reactive forms. Some conditions
such as treduction of ascorbic acid in smokers,
reduce antioxidant enzymes and endogen
antioxidant subtracts, and could affect the recycling
of Vitamin E or other antioxidants, and could
release o-TC radical available to produce
lipoperoxidation. An other major effect of ascorbic
acid is to recycle oxidized glutathione to
reduceglutathione, and return carotenoid radicals to
carotenoids. As a reduced form, dihydro-lipoic acid
returns GSSG to GSH and turn back into the
ascorbic ascorbyl radical. This indicates the
common prooxidant effect of lipoic acid
(Villanueva and Cross, 2012). Another way for
antioxidant-induced  effect is  that some
antioxidants exhibit prooxidant activity with
transition metals. This is the situation of ascorbic
acid which turns into an ascorbyl radical and
hydroxy cinnamic acid in which phenolic groups
are transformed into phenoxy reactive groups.
Beta-carotene is also a good example of converting
an antioxidant to a prooxidant effective agent. The
carotenoid radical is produced by oxygen and iron
ions in the oxidative part of the [-carotene.
(Lakshman, 2004).

The other important way of active endogenous
antioxidant defense is a submaximal aerobic
exercise, every day. In summary, the harmful
effects of antioxidants depend on its concentration,
its redox potential, availability of other antioxidants
and the transition metals. Even though it was not
exactly indicated, the genetic history may also help
to explain the stress induced effects of
antioxidants. Synthetic or organic exogenous
antioxidants, supplementary antioxidants and
various supplementary products to strengthen our
body may be antioxidative stressors. Hence,
physiological doses of antioxidants and their safety
ranges must be clarified. Increased amounts of

antioxidants may be risk for healthy organisms and
overdoses cause damage like the one in
hypervitaminosis  (Poljsak and Milisav, 2012).
Generally, the effects of endogenous antioxidant
enzymes are not questioned because they are
organismic, natural and balanced.

The other important point is the changing roles of
some biomoleculs such as nitric oxide, melatonin.
Therefore, melatonin acts as a strong antioxidant.
Studies showing the prooxidant effects of
melatonin have been published. These studies
report that the oxidative effects of melatonin may
be related to the involvement of an important
second messenger, calmodulinin and the
mitochondrial respiratory chain  (Munik and
Ekmekcioglu, 2015).

Oxidants may be beneficial for many physiological
reactions in cells. Recently, it has become apparent
that reactive oxygen and nitrogen species might
control many benefical physiological processes
such as induction of stress response, pathogen
defense, and systemic signaling. On the other hand,
there are harmful effects of antioxidative stress that
occured in the overconsumption of synthetic
antioxidants (Diindar and Aslan, 2000; Kogyigit
and Selek, 2016). Since there is no evidence of
adverse effects of antioxidants, they are generally
accepte as safe products. This is a common
scientific mistake. It was declared that antioxidant
therapy does not effect the diseases, and
antioxidant  therapy is validated only in
experimental disease and cell culture models
(Halliwell, 2009). Synthetic antioxidants and the
high doses of exogenous antioxidant agents are not
recommended, low doses of antioxidants are
suggested to be beneficial only in those with
antioxidant deficiency (Kogyigit and Selek, 2016).
In this direction, lets see some of the published
studies that declare the harmful effects of
antioxidant supplements. In a study made in
Australia, hypertensive patients received treatment
with Vitamin C (500 mg/day) and grape seed
polyphenols (1000 mg/day). After six weeks,
systolic-diastolic ~ pressures and  endothelium
dependent vasodilation increased, while oxidative
stress markers did not change (Ward, 2005). In a
study on HDL atherosclerosis, an antioxidant
treatment was applied for male and female patients
having low HDL and triglyceride in which they
treated with vitamin E (800 IU / day), vitamin C
(1000 mg / day), beta carotene (25 mg / day) and
selenium (100 pg/day) . Other patient group had
taken placebo. When the results were analyzed it is
understood that antioxidant therapy did not
support HDL elevation (Cheung, 2001). In another
study, antioxidants vitamin C and N-acetylcysteine
increased acute exercise induced oxidative stress in
healthy persons. Acute exercise is already known to
increase oxidative stress (Aslan et al., 1998), but
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chronic or programmed exercise reduces the
oxidative stress (Aslan and Duindar, 1998; Aslan et
al., 1998; Ji, 2008).

It is interesting that both antioxidants can not
suppress this stress, and even increase it. In this
stuation, the conversion of ascorbic acid into the
ascorbyl radical by reactive species generated
during exercise may be major factor (Childs et al.,
2001 ). An other important antioxidant -carotene
has also similar effects. High redox potential of §-
carotene can make it an effective of oxidizing
molecules. B-carotene in high concentrations may
oxidize DNA (Yeum et al., 2009). Another way
that the antioxidant induced stres may be the
normal responses of the organism to oxidative
stress (Ji, 2008; Ristow et al., 2009).

CONCLUSIONS

We have insufficient data on the long-
term effects of different doses of the
exogenous and synthetic antioxidant
supplements. For this reason, an awareness
of unsafe doses of antioxidants should be
established. Use of the term “antioxidative
stress” might be substantial to the
formation of a scientific mind against
unsafe use of antioxidants. Studies on the
use of safe antioxidants in medicine are
needed to determine the ways and factors
causing for the antioxidant induced stress.
Hopefully, this study will stimulate further
research on antioxidant-induced stress in
animals and human beings. It was showed
that antioxidant nutrients abolish the
homeostasis by inhibiting an adaptive
reaction to reactive oxygen and nitrogen
metabolites.  There are  homeostatic
mechanisms in cells that govern the amount
of allowable antioxidant activity. Most
organisms are able to maintain their
oxidant-antioxidant balance. As a result,
for  beneficial physiological effects,
exogenous and synthetic antioxidants
should be well absorbed in the body, reach
the medium of reactive oxygen and
nitrogen species formation in cells and
should be present in appropriate amounts.
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oz
Masum olarak bilinen (pet hayvanlarina yonelik) bebek sampuanlarinin bir kdpegin epidermisi icin 150 kat fazla

asidik oldugunu biliyor muydunuz? Aslinda bu editére mektup tarzinda hazirlanan makale ile hem klinisyen
meslektaslarimiza hem de hasta sahiplerine ortak dille hitap etmeyi amagladik.

Anahtar Kelimeler: Képek, Epidermis, pH

pH Level of Dog Epidermis: Could Human Products Be Used Randomly in Pet Animals?

ABSTRACT

Did you know that innocent baby shampoos (for pet animals) are 150 times more acidic for the epidermis of a
dog? In fact, with this article in the form of an editorial letter, we aimed to address both our clinician colleagues
and patient patients.

Keywords: Epidermis, dog, pH
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GIRIS

Son dénemlerde giderek artan sayida olguda, hasta
sahiplerince  degisik  icerikli ~ sampuanlarin
ytkama/sagaltim amact ile kullaniddigina sahit
olmaktay1z. Oysaki her olgunun tiire 6zgli ‘unique’
yani ‘benzersiz’ bir deri mikrobiyatast mevcuttur.
pH degisiklikleri bu baglamda deride mikrobiyata
degisiklikleri ile i¢ ice ge¢mis vaziyettedir (Grice ve
ark. 2011, Mauro ve ark. 1998, Ohman ve ark.
1994). Kullanidlan her yanlis topikal bilesim deri
pH’sinda degisime eslik etmekte ve
farkli/istenmeyen ozelliklerde mikrobiyata
degisikliklerine adeta canak tutmaktadir. Insanlarin
kopeklerini (pH degeri bilinmeyen) sabun ya da
bebek sampuani ile yitkamast ve kabartma tozu,
gargara, sitke gibi triinlerle “hayvanlarin tzerine
bocalamasinin” yaygin oldugunu biliyoruz. Bu basit
triinlerin  képek derisini  ciddi  sekilde tahris
edebilecegine dair kanitlar vardir, ¢iinkii képegin
derisine gore farklt bir pH seviyesi ve yogunlugu
vardir:

Pet hayvanlarda ve insanlarda ki epidermal pH
seviyeleri:

-Ké6peklerde Pet hayvanlarda 7-7,52 (Ruedisueli
ve ark. 1998) 7,48 (k&pekte bégiir pH’st
-Insanlarda 5,2-5,5 (Kim ve ark. 2006).

Kopeklerde deri pH’sint etkileyen faktorler: irk,
cinsiyet, integlimenter Ortinin rengi, anatomik
bélge, deri fizyolojisi, ¢evresel klimatik kosullar,
cografi lokalizasyon (Mason 1993); seboreik
dermatitiste alkalitede artts (Ruedisueli ve ark.
1998). Belirgin asidite mayalarin  Gremesinin
kolaylastirir (Korting ve ark. 1991).

Koépegin derisi, tim tirlerin icerisinde en alkali
olanidir (Draize ve ark. 1942) ve pH bozulursa
bakteriler i¢in uygun bir {dreme alanmna
dontismekte, ardindan epidermisin asirt kurumasi
ve asinmast nedeniyle iltihaplanma ve enfeksiyon
meydana gelebilir. Bir képegin epidermisi yalnizca
8-10 hiicre tabakasi kalinhginda iken, insanin 18-20
hiicre tabakast kalinhigindadir (Lloyd ve ark. 1982,
Mason ve ark. 1993). Képegin derisi genel olarak
daha kalindir, fakat epidermis ¢ok ince olup, pH’st
uygun olmayan maddelerle temas ederse
epidermiste ki soyulma, deriyi bakterilere kars1 acik
hale getirir.

Ne yazitk ki ¢ok alkali bir trtiniin, ¢cok asidik bir
uriin kadar zarar verebilecegi bilinmiyor ya da g6z
ontinde bulundurulmuyor. Stlfiirik asit gibi asidik
degeri cok yiksek bir Grln, temel olarak insan
epidermisini yakarken; Lye (kiil suyu, alkali sivi) gibi
cok alkali Urtinler de insan epidermisi tzerinde
iltihap ve hatta kimyasal yaniklar olusturabilir (Barel

ve ark. 2001, Korting ve ark. 1991). Ayt sey bir
kopegin epidermisi i¢in de gegerlidir.

Insan eli ile kopeklerde kullanilan bazt iiriinlerin
pH seviyeleri agagida Tablo 1’de verilmistir.

Siz degerli okuyuculara biraz da bu yukaridaki
onemli bilgilere ilaveten bilimsel bazi verilere,
retrospektif olarak son dénemde ist liste muayene,
teshis ve sagaltmina istirak ettigimiz ve klinigimize
getirilmeden 6nce gelisigiizel ve pH’st belirsiz ilag
ya da degisik orijinli solisyonlarin kullanildigt bazt
olgularin deri pH’sina iligkin bulgular1 aktarmak
istiyoruz.

Son dénemde Fakiilte Klinigimize kazandirmaktan
gurur duydugumuz O6zel, benzersiz karakterde
(fleksi mod) yalnizca deri analiz sistemi olarak
Uretilmis aynt zamanda hem deri hem de kil/tiy
sagligina ait biofiziksel parametrelerin Sl¢timiine
spesifik Callegari Soft Plus (Callegari 1930, Ttalya;
Tirk tarafi tedarik RDA Grup, Istanbul, Tiirkiye)
cihazt ile tabiri caiz ise derinin haritasim
cikarmaktayiz. Bu baglamda yine yakin zamanda
analizi  gerceklestirilen  olgularimizin  (alerjik
dermatitis tanist konulan 2-7 yasly, farkh itk ve her
iki cinsiyetten) epidermal pH degerleri asagida sekil
1’de sunulmaktadir. Hasta olgulara ait epidermal
pH seviyeleri 6,2-7,2 arasinda degisirken, saglikli
kontrol grubu kopeklerde 7-7,9 arast oldugu
belirlenmistir. Kopekte optimal degerin 7 ve tzeri
oldugu distnildiginde hasta 8 olgunun 5’inde
pH’nin asit karakter tasidigt ve rastgele ilag/topikal
uygulamalarda bulunuldugu 6grenildi. Hasta grupta
pH’st degismemis olgularin sans eseri hicbir ilag
kullanilmadan klinige getirilmeleri dogal hastalik
aktivitesinin bozulmadigina isaret olabilir.Yine de
antlan bu 3 olguda da pH degerinin 7,5 altinda
olmas: dikkat ¢ekici idi (Sekil 1). Hasta ve deri
pH'st bozulmus 5 olgunun tamaminda sagalum
amact ile Curcuma longa (turmerik; zerdecal) ile
Nigella  sativa  (black  cumin; ¢brek  otu)
kombinasyonu iceren  topikal/oral  soliisyon
(Dermacumin, Veterinary Herbal Medicine A.S,
Antalya; Hammadde imalat ve tedarik, Naturalya
Kimya Gida Ila¢ Veterinerlik San.Tic.Ltd.Sti,
Antalya) ginde 3'er kez lezyon lzetrine tagkin
sekilde en az 1 hafta stre ile topikal olarak
uyguland.

Sonu¢ olarak uygun olmayan ve insanlarda
kullanilabilecek triinlerin rastgele bir evcil hayvan
tzerinde ASLA kullanidmamalidir. Evcil hayvan
trtinlerinin ticari olarak elde edilen formiilasyonlari,
derisinin tahris olmamast icin pH dengeli olarak
formiile edilen preparatlar Veteriner Hekim
kontrolinde ve tavsiyesinde kullanilmalidir.
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Tablo 1: PH 6lgeginde bir sayidan digerine gectiginizde, 10 kez 10 veya 100 kat farklilagsmaya dair bir degisikligi gosterir
(Brady ve Humiston, 1990). Ornegin, eger 7'den 5'e gidildiyse, bu 200 kat daha asidik veya 7'den 9'a kadar, yani 200 kat
daha alkalidir. Bu, bulagik sabununun bir képegin epidermisine yaklasik 250 kat daha alkali oldugu anlamina gelir.

Table 1: When you move from one number to another on a PH scale, it shows a change of 10 or 100 times differentiation
10 times (Brady ve Humiston, 1990). For example, if you go from 7 to 5, it is 200 times more acidic or 7 to 9, or 200 times
more alkaline. This means that the dish soap is about 250 times more alkaline than the epidermis of a dog.

Haricen ve rastgele kullanilan baz1 preparatlar Aym iriiniin pH degeri
(marka) bebek sampuam pH 55 (Bebek sampuani yaklasik kopegin
epidermisine 150 kat daha asidik)
Kabartma tozu (sodyum bikarbonat) pH 8,3 (Kabartma tozu yaklagik képegin epidermisine
130 kat daha alkali).
Sirke pH 2,2 (Sirke yaklasik képegin epidermisine 500 kat
daha asidik)
(marka) dis macunu pH 4,2
Bulagik deterjani pH 9,5
Gargara Yaklasitk olarak kopegin epidermisine 200 kat daha
asidik.
14
13
12
11
9
7,9
8 7,2 . 7.2 7.3 IS . 7.2 L
::‘ 7 f 6,6 a o &3 6,5 a : L ]  J hd ® ®
; 4 a & 4
= 5
a
3
' 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
A Hasta (1-8 nolu vakalar) & Saglikli (8-14 nolu vakalar)

Sekil 1: Hasta ve saghkli kopeklerde deri pH’sina ait degetlendirme. Olgu 1. Pug, 2 yaslt erkek; Olgu II. Sibiryan Huskey 3
yaslt erkek; Olgu IIT Jack Russell 2,5 yash disi; olgu IV Alman Coban Kopegi; olgu V Golden Retriever 2 yasly; olgu VI
French bulldog 2,5 yasl; olgu VII Alman Coban kopegi; olgu VIII 4 yash Pug; saglikli olgular ayni yas araligindan
eslestitilmis/dermatolojik bozuklugu ya da bilinen hastaligt mevcut olmayan olgular.

Figure 1: Evaluation of skin pH in sick and healthy dogs. Case 1. Pug, 2 years male; case II. Siberian Husky 3 years male;
case III. Jack Russell 2.5 years female; Case IV German shepherd dog, case V Golden Retriever 2 years; case VI French
Bulldog 2.5 years; case VII German shepherd dog; case VIII 4 years Pug; healthy cases are cases of paired / dermatologic
disorder or no known disease from the same age range.
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ABSTRACT

Idiopathic hepatic fibrosis (IHF) is an inevitable result of chronic liver disease progressing to cirrhosis.
Idiopathic Hepatic fibrosis is characterized as congenital or juvenile form in German Shepherd Dogs. However,
few data have been published on the incidence and prevalence of IHF in canine species. The case report
presented here describes idiopathic hepatic fibrosis in four neutered German Shephered dogs with a familial
relationship. The main clinical complaints were refractory ascites, variable appetite and progressive weight loss.
Hepatic fibrosis was confirmed with diagnostic applications and liver biopsy. Nevertheless, all dogs died in spite
of supportive and aggressive treatment. Necropsy was performed in the dogs according to written owner
consent. In conclusion, the cases presented here reflect the congenital condition of idiopathic hepatic fibrosis in
young German Shepherd Dogs with histopathological evidence. However, there was evidence of familial
relationship in the cases presented here.

Keywords: Dog, fibrosis, genetic, liver, idiopathic
Dért Alman Coban Képeginde Hepatik Fibroz Idiyopatik, Genetik Yatkinlik ya da Ailesel Iligki mi?
0z

idiyopatik hepatik fibroz (IHF) siroza kadar gidebilen kronik karaciger hastaliginin kaginilmaz bir sonucudur.
Idiyopatik hepatik fibroz, Alman Coban Kopekletinde jivenil ya da dogmasal olarak sekillenebilmektedir.
Bununla bitlikte, képeklerde IHF nin prevalans veya insidanst hakkinda az sayida veri bulunmaktadir. Sunulan
olgu serisi, ailesel iliskisi bulunan dért Alman Coban Képegindeki idiyopatik hepatik fibrozu tanimlamaktadir.
Olgulardaki esas klinik sikayetler; tekrarlayan asites, degisken istah durumu ve iletleyici kilo kaybiydi. Hepatik
fibroz tanusi diyagnostik uygulamalar ve karaciger biyopsisi ile dogrulandr. Destekleyici agresif tedaviye ragmen
tim kopekler kaybedildi. Hasta sahibinin izni ile képeklerde nekropsi gerceklestirildi. Sonug olarak, sunulan

olgular Alman Coban Kopeklerinde histopatolojik kaniti olan konjenital idiyopatik hepatik fibrozu
yansitmaktadir. Bununla birlikte, sunulan olgularda ailesel iliski kanitt da s6z konusudur.

Anahtar Kelimeler: Fibroz, genetic, idiyopatik, karaciger, képek
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INTRODUCTION

Hepatic fibrosis, as a consequence of chronic liver
disorders, is a dynamic process including
complicated interactions between several hepatic
cell types and accumulation of obvious extracellular
matrix (ECM) proteins (Brown et al. 2010,
Eulenberg and Lidbury 2018). The hepatic
remodeling with deterioration of intrahepatic blood
flow can lead to development of portal
hypertension (PHT). Although increased resistance
to portal blood flow can cause the formation of
supportive acquired portosystemic shunts (PSS),
animals with PHT can also increase abdominal
lymphatic fluid production resulting with ascites
(Desmet 1998).

Hepatic fibrosis based on the location of fibrosis
has been categorized into three forms: central
perivenous fibrosis, diffuse pericellular fibrosis and
periportal fibrosis (Brown et al. 2010). German
Shepherd dogs have appeared to be predisposed to
central perivenous and diffuse pericellular fibrosis
(Rutgers et al. 1993). It has been reported that
idiopathic form of hepatic fibrosis in young
German Shepherd dogs has not associated with
underlying inflammatory conditions. The cases
presented here reflect idiopathic hepatic fibrosis
with biliary cirrhosis in four German Shepherd
dogs with a familial relationship.

MATERIAL and METHOD

Four German Shepherd dogs with a history of
variable appetite, progressive weight loss and
abdominal distention for two weeks referred to
Veterinary Teaching Hospital of Ankara University.
The dogs had referred to Hospital within three
weeks at different times. All dogs were in familial
relationship and from the 1%t and 27 generation of
the same parents (Figure 1). All dogs had also
essential  antiparasitic  therapy and  routine
vaccination against the infections of rabies,
distemper, parainfluenza, herpes virus, parvoviral
enteritis and leptospirosis. The dogs were feeding
with super-premium commercial dry food. In
physical examination, all dogs were alert.
Signalment and detailed physical examination
findings were shown in Table 1. They also had
pinky mucosal membranes and moderate
dehydration with abdominal distention associated
with ascites (Figure 2).

Peripheral blood smears and heartworm
antigen test kit IDEXX® Snap 4DX plus test)
revealed any abnormalities for rickettsial infection
and dirofilariasis in all dogs. Complete blood count
results were presented in Table 2. Elevated levels
of total and direct bilirubin, severe increase in ALP,

ALT, AST and GGT activities, mild increase in
ammonia concentration, severe increase in pre- and
post-prandial bile acids were remarkable. The
serum copper and total iron binding capacity
(TIBC) were in reference ranges. Analysis of
intraabdominal fluid also indicated transudate
because of low  protein  concentration,
hypocellularity and lack of blood and bacteria.
Microbiological culture of the abdominal fluid
revealed no pathogen. The result of serum profiles
and intraabdominal fluid analysis were presented in

Table 3.

For the possibility of any food poisoning in dogs,
dry food of animals were evaluated in the food
analysis laboratory. The results of food analysis
revealed no microbiological and toxic contents
including mycotoxins or others (Table 4).

Radiographic and echocardiographic examinations
of the thorax ruled out for congenital and acquired
heart  disease in all dogs. Abdominal
ultrasonography revealed severe free fluid (Figure
3a), microhepatica with diffuse heterogenous liver
tissue (Figure 3b), portal hypertension (12 mm Hg,
only in case 2) and cholecystitis (Figure 3c).

Cholangiohepatitis with portal hypertension was
diagnosed considering clinical signs and diagnostic
applications. All dogs was initiated the following
medications: Ampicillin-sulbactam (25 mg/kg, bid,
iv for 14 days, Alfasid, Yavuz 1121@), Enrofloxacin
(5mg/kg, bid, sc for 14 days, Baytril K, Bayer), L-
carnitine (500 mg, sid, po, Maxi L Carnitine,
Solgar), vitamin E (10 IU/kg/day, po, Natural
Vitamin E, Solgar), vitamin K (0.5 mg/kg, sc,
weekly, Hemadur K, Alke), Silymarin (50
g/kg/day, po, Milk Thistle, Solgar),
Ursodeoxycholic acid (7.5 mg/kg, bid, PO) and
supportive fluid therapy with electrolyte and
aminoacid solutions. Portal hypertension was also
controlled by applying the Spironolacton (1mg/kg,
bid, PO, Aldacton, Pfizer) and ascites was relieved
by Furosemide (2 mg/kg, bid, PO, Lasix, Sanofi
aventis). The clinical signs decreased within two
weeks following the medication in all dogs and
clinical improvement was confirmed by clinical
examinations.

Three weeks later the clinical symptoms including
anorexia, malaise, dehydration and severe
abdominal distension relapsed in all dogs. The
same paraclinical results were seen in the dogs.
Severe ascites with serious cholecystitis were
detected by ultrasonography in cases 2 and 4.
Surgical cholecystectomy was employed in case 2.
Liver biopsy was also performed during the
cholecystectomy operation. The same treatment
were repeated in dogs. It has not been observed
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any improvement in clinical signs in spite of
surgical cholecystectomy and mentioned treatment
in following days. Nevertheless, all dogs died and
necropsy was performed in case 2 according to
written owner consent.

In the necropsy, about 400 cc of free fluid in the
abdomen and old petechial hemorrhage in the
fundic mucosa of the stomach was remarkable.
Marked dilatation of mesenchymal vessels was also
observed. Liver tissue samples collected from
necropsy fixed in neutral-buffered formalin,

routinely processed and embedded in paraffin. The
sections were cut at 5 um and stained with
Haematoxylin and Eosin. The histological sections
showed typical biliary cirrhosis with replacement of
the regular pattern by pseudo-lobules. Internal
lober structure of the liver were also abnormal. It
was observed that the most of the erythrocyte and
bile pigments were within the liver sinusoids.
Proliferation of the connective tissue cells were
surrounding the portal and interior areas of the

lobules. (Figure 4a and 4b).

The Parents

ot

A . Xl

1% offsprings

274 offsprings

Figure 1. Family tree of the dogs: the 15t and 204 offsprings from the same parents

\

Figure 2. The German Shephered Puppy
position (b).

0T

igur 3. Abdominal ultraso

naphy in a German Shepherd dog with abdominal distension. a)

|3

Severe abdominal free fluid (ascites). b) Free fluid surrounding liver with mild increase in
echotexture. ¢) Severe cholecystitis in 6 month old German Shepherd puppy.
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Table 1. Signalment and physical examination findings in dogs

Signalment 1st generation puppies 2nd generation puppies
Case Numbers 1 2 3 4
Sex Male Male Male Female
Age (month) 21 21 6 6
Weight (kg) 22,3 28 15 19

Alert and standing Alert gnd Alert gnd Alert and sternal
Posture - standing standing .
position e L recumbency position
position position

Physical Examination 1st generation puppies 2nd generation puppies
Case Numbers 1 2 3 4
Body Temperature (°C) 39.0 39.3 38.2 39.2
Heart Rate (bpm) 83 110 88 79
Respiration Rate (rpm) 34 37 34 32
Estimated Dehydration (%) 6-8 6-8 6-8 8-10
Mucosal Appearance Pinky Pinky-red Pinky Pinky-red

bpm: beat per minute; rpm: respiration per minute; s: second.

Table 2. Results of complete blood count in dogs

Case Numbers

1 2 3 4
WBC (1079/1) 28.97 21.10 14.73 15.48
LYM (1079/1) 2.34 2.48 2.87 5.66
MON (1079/1) 1.28 1.01 0.97 0.1

GRA (1079/1) 25.35 19.88 10.89 9.73
LYM(%) 8.1 153 19.5 36.5
MON (%) 4.4 36 6.6 06

GRA(%) 875 773 73.9 62.8
RBC (10~12/1) 3.65 4.41 5.75 6.10
HGB(g/dl) 9.0 11.0 13.0 14.0
HCT(%) 26.54 33.31 36.01 39.43
MCV (fl) 57 59 59 61

MCH(pg) 24.6 25.2 22.6 22.9
MCHC(g/dl) 3338 33.1 36.2 355
RDWc(%) 17.5 16.6 16.0 15.4
PLT(1079/1) 104 325 277 424

Reference Ranges: WBC: 6-17; LYM: 0.9-5; MON: 0.3-2.5; GRA:3-12; GRA %: 35-70; LYM %: 12-30; MON %o: 2-13;
RBC: 5.5-8.5; HGB: 12-18; HCT: 37-55; MCV: 60-72; MCH: 19.5-25.5; MCHC: 32-38.5; RDWc: 12-17.5; PLT: 200-
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Table 3. Results of serum biochemistry profiles and intra-abdominal fluid analysis in dogs

Case Numbers

1 2 3 4
Glucose (mg/dl) 84.5 101 112 87.4
Urea (mg/dl) 18.0 21.2 8.8 46.0
Creatinine (mg/dl) 1.1 0.6 0.88 1.62
Total Protein (g/dl) 6.7 7.7 74 45
Albumin (g/dl) 3.2 2.7 24 2.5
Total Bilirubin (mg/dl) 0.9 0.7 0.31 0.41
Direct Bilirubin (mg/dl) 0.66 0.5 0.3 0.37
Cholesterol (mg/dl) 331 117 145 223
Triglycerides (mg/dl) 125 98 59 77
ALP (1U/L) 61.5 322.6 347.8 370.0
ALT (IU/L) 65.7 198.9 448.5 292.0
AST (IU/L) 102.6 212.2 196.7 337.8
GGT (IU/L) 5.0 22.3 14.0 8.0
Creatine Kinase (1U/L) 214 188 311.0 197
LDH (1U/L) 55 41 42.0 240.0
TIBC (png/dl) 317.0 413.9 2145 246.1
Total Calcium (mg/dl) 11.2 10.1 10.1 7.1
Copper (mg/dl) Not measured 0.07 0.05 0.04
Ammonia(pmol/l) 0.92 0.81 0.88 0.73
Pre-prandial bile acid
concgntration(umol/l) 6.8 5.4 6.6 57
Post-prandial bile acids 38.8 101 423 411

concentration (umol/l)
Total Protein (fluid) (g/dl) 1.0 1.1 0.9 0.1

Fluid Cytology and

Microbiological Culture
Reference Ranges: Glucose: 65-118mg/dl; Urea: 15-59.9mg/dl; Creatinine:0.5-1.5mg/dl; Total Protein: 5.4-7.1g/dl;
Albumin: 3.1-4g/dl; Total Bilirubin: 0.1-0.3mg/dl; Cholesterol: 92-324mg/dl,; Triglycerides: 29-291mg/dl; ALP:
20-156U/L; ALT: 21-102U/L; AST: 23-66U/L; GGT: 6-28U/L; Creatine Kinase: 0-200U/L; LDH: 45-233U/L;
TIBC (Total iton binding capacity): 235-495pg/dl), Total Calcium: 9-11.3mg/dl; Copper: 0.1-0.2mg/dl; Ammonia:
0-0.68umol/l; Pre-prandial Bile Acid Concentration: 0-0.5pmol/l; Post-prandial Bile Acid Concentration:
<12pmol/l.

No bacteria. Hypocellularity. Negative Microbiological culture.

Table 4. Detailed ingredients of the dry pet food

Ingredients Adult Dry Pet Food Puppy Dry Pet Food

Moisture (%) 7,00 6,70
Crude Protein (%) 26,00 25,00
Crude Fiber (%) 1,90 2,00
Ether Extract (%) 17,50 18,20
Crude Ash (%) 7,05 7,30
Metabolic Energy (Kcal/kg) 3570 3590
No growth of any pathogenic bacteria or fungi. No evidence of
Microbiology Lab. Mycotoxins or aflatoxins exposure
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DISCUSSION and CONCLUSION

Fibrosis, generally indicates irreversible liver
damage. Chronic hepatopathies in human and
vetetinary patients ultimately lead to fibrosis. End-

stage liver disease is associated with nodule
formation, organ contraction and fibrosis. The
complications of this stage include metabolic
dysfunction, ascites, portal hypertension and
hepatic encephalopathy (Brown et al. 2010,
Eulenberg and Lidbury 2018). Histopathologically,
hepatic fibrosis (HF) has been known as an
increase in ECM in liver tissue. Under chronic or
repetitive  injuries, ECM is produced by
hepatocytes, sinusoidal endothelial cells, kupffer
cells and stellate cells (Freidman 2000). Lipocytes
(Ito cells or stellate cells) located in disse space
cause a decrease in ultrafiltration between the
sinusoidal blood and hepatocytes by ECM,
cytokines and collagen production (Center 1999).
Progression of ECM pathology causes also
hypertension and ascites. Therefore, anorexia and
severe lethargy in dogs result from the progression
of ascites and dehydration.

In these cases presented here German Shepherd
dogs referred to hospital with the progressive
ascites and portal hypertension. Making the
diagnosis before 2 years of age showed that hepatic
fibrosis in these dogs would be congenital and
juvenile.  Histopathologically, the substantial
compensatory fibrous connective tissue bundles
bridging between two adjacent triad and formed
parenchymal nodules were reported in all dogs.
Rutger et al. 1993 diagnosed idiopathic hepatic
fibrosis by liver biopsy in 15 young dogs, of which
9 were German Shepherd Dogs. In the study
previously described (Rutger et al. 1993), clinical
signs including progressive ascites, dehydration,
anorexia and weight loss (except hepatic
encephalopathy) in cases with idiopathic hepatic
fibrosis were consistent with the report presented
here.

Microcytosis, hypoproteinaemia, increased serum
activities of ALP and ALT have been described in
dogs with hepatic fibrosis (Rutger et al. 1993). In
the study of Rutger et al. 1993, fasting blood
ammonia and serum bile acid concentrations were
increased in most dogs examined. In a study
reported by Thornburg 2000, the serum copper
levels in dogs were within normal reference range.
In this study, the results of complete blood count
revealed microcytosis in all dogs and neutrophilic
leukocytosis in some cases (case 3 and 4). Fever in
case 3 and 4 with cholecystitis were taken under
control with antibiotic therapy. Hypoproteinemia,
hyperbilirubinemia, increased ammonia, pre and
post prandial bile acids concentrations and ALT,

ALP, AST and GGT levels were consistent with
the report previously described (Rutger et al. 1993).
In the study reported by Desmet 1998, refractory
hyperbilirubinemia in hepatic fibrosis was strongly
dependent on some stages of biliary fibrosis. In the
cases presented here (in generally young dogs)
cholecystitis and hyperbilirubinemia was clearly
dependent on fibrous connective tissue bundles
bridging between two adjacent triad.

Analysis of intraabdominal fluid in all dogs
revealed low protein levels (less than 2.5 mg/dl)
and hypocellularity (some neutrophils and
lymphocytes) without any bacteria. This result was
the same with the reports of Owczarczak 2010,
Rutger et al. 1993 and James et al. 2008.

The prognosis of Hepatic Fibrosis is controversial.
Acco

rding to Favier 2009 etiology-based treatments for
canine (chronic) hepatitis can provide a better
prognosis. In other study (James et al. 2008), poor
prognosis in dogs with idiopathic hepatic fibrosis
has been reported. In the same study to use of
prognostic indicators such as histological, imaging
and biochemical profiles were not useful (James et
al. 2008). In the study of Rutger et al. 1993, while
seven dogs died or euthanized after diagnosis, only
one dog were alive during two years. Three dogs
were also alive more than four years after the initial
diagnosis (Rutger et al. 1993). All the dogs died
after 63 days in spite of aggressive and supportive
treatment. Surgical cholecystectomy did not also
improve the survival in case 2.

In conclusion, several publications and case reports
were discussed about congenital predisposition or
possibility of idiopathic condition in canine hepatic
fibrosis. The cases presented here reflect the
congenital condition of idiopathic hepatic fibrosis
in young German Shepherd Dogs with
histopathological evidence. In the study of Rutger
et al. 1993, the dogs of idiopathic hepatic fibrosis
were also young and prognosis of the dogs were
similar to our cases. However, there was evidence
of familial relationship in the cases presented here.
Two generation of the same parents showed
clinical signs of idiopathic hepatic fibrosis in the
age of below 2 year-old. Although the study
reflects the possibility of congenital condition of
the disease further research about familial
relationship in German Shepherd Dogs is required.
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