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STRUCTURAL TRANSFORMATION OF
MARINE CAGE AQUACULTURE SYSTEMS IN
THE AEGEAN AND BLACK SEA REGIONS OF

TURKIYE!

Deniz Devrim TOSUN?
Metin TIMUR?®

1. INTRODUCTION

Aquaculture has become one of the fastest-growing
sectors of global food production over the past several decades,
driven by the stabilization and depletion of capture fisheries since
the 1980s (Tidwell & Allan, 2001; Rocha et al., 2022; FAO,
2024). While inland freshwater systems account for the bulk of
global production volume, marine aquaculture plays a critical role
in meeting seafood demand in regions such as Europe and the
Americas (Verdegem et al., 2023). Among marine production
systems, cage farming remains the dominant method for
cultivating finfish (Lopez, 2011). This widespread adoption is
primarily driven by lower initial capital and infrastructure
requirements compared to land-based systems; however, these
economic advantages are increasingly balanced against
environmental limitations, including nutrient loading and disease

1 This chapter is based on data derived from the author's (Deniz D. Tosun) doctoral
dissertation titled “Structural and Economic Analysis of Selected European Seabass
(Dicentrarchus labrax L., 1758) Farms Operating in the Black Sea and Aegean
Regions”, completed at Istanbul University, Institute of Graduate Studies in
Sciences.

Dr. Ogr. Uyesi, Istanbul Universitesi, Su Bilimleri Fakiiltesi, Su Uriinleri
Yetistiriciligi ve Hastaliklar1 B6liimii, ORCID: 0000-0001-6612-6624

3 Prof. Dr., (Emekli) Istanbul Universitesi, Su Bilimleri Fakiiltesi, Su Uriinleri
Yetistiriciligi ve Hastaliklar1 Bolimi.
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susceptibility in open-water environments (Lopez, 2011;
Martinez-Porchas & Martinez-Cordova, 2012).

Turkiye has become one of the leading producers in
Mediterranean aquaculture, particularly through the cultivation of
European seabass (Dicentrarchus labrax) and gilthead seabream
(Sparus aurata) (Guillen et al., 2015). Together with Greece,
Turkiye accounts for a major share of Mediterranean seabass and
seabream production. Over the past two decades, national marine
production has expanded rapidly, with production largely
concentrated in the Aegean region. While this growth has
supported the development of a highly export-oriented industry,
early coastal intensification generated spatial conflicts with
tourism activities and localized environmental impacts. These
pressures contributed to the introduction of stricter regulatory
frameworks that required the relocation of many farms from
sheltered coastal areas to more offshore locations (Yucel-Gier et
al., 2010; Grigorakis & Rigos, 2011; Koger et al., 2020). This
regulatory shift acted as an important catalyst for the
modernization of the sector, encouraging the adoption of high-
capacity offshore cage systems.

Historically serving as the cornerstone of the national
capture fisheries sector (Bat et al., 2024), the Black Sea has
recently emerged as an increasingly important aquaculture
production area due to the rapid expansion of “Turkish salmon”
farming (Figure 1), a commercial designation for rainbow trout
(Oncorhynchus mykiss) grown in marine environments to harvest
weights exceeding 2.5 kg (Yigit et al., 2023). Over the past
decade, production volumes have increased rapidly in response to
export demand, transforming the aquaculture landscape of the
region. However, the Black Sea also presents distinct
environmental challenges, including high wave energy and
summer surface temperatures that may approach the upper
thermal tolerance limits for salmonids. In response to these
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environmental conditions and increasing production demands, the
industry has adopted larger and more robust cage systems.
Coastal operations have increasingly been replaced by large-
diameter offshore High-Density Polyethylene (HDPE) gravity
cages equipped with deep net chambers. These structural
adaptations increase cage volume and may allow operators to
utilize deeper and relatively cooler water layers during seasonal
temperature fluctuations (Buyukates et al., 2024; Yigit et al.,
2023).
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Figure 1. Annual production volume (%103 tons) of the main
marine aquaculture species in Turkiye between 2010 and 2024:
European seabass (Dicentrarchus labrax), gilthead seabream
(Sparus aurata), and Turkish salmon (marine-reared
Oncorhynchus mykiss). Data source: TUIK (2025).

The spatial and technological evolution of marine
aquaculture in Tlrkiye was initially accelerated by regulatory
changes introduced in the late 2000s, which prohibited
aquaculture activities in sensitive semi-enclosed coastal bays.
These legislative revisions forced a rapid relocation of farms
toward offshore environments. Since this initial spatial transition,
offshore cage systems have continued to evolve structurally as
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producers adapt to environmental conditions and increasing
production demands.

Despite these substantial developments in the sector,
longitudinal assessments tracking the physical and operational
adaptation of marine cage infrastructure remain limited.
Understanding how cage dimensions, production capacities, labor
efficiencies, and spatial distributions have evolved over time is
essential for evaluating the sector’s technological development
and operational resilience. Therefore, this chapter examines the
structural transformation of marine cage aquaculture systems in
the Aegean and Black Sea regions of Turkiye. By comparing
current operational indicators from 2025 with a comprehensive
farm-level baseline dataset established in 2010 (Tosun, 2010),
this study provides a detailed assessment of how marine cage
farming systems in Turkiye have adapted to changing
environmental, technological, and regulatory conditions.

2. MATERIALS AND METHODS
2.1. Study Area

The study focused on marine cage aquaculture enterprises
operating in the Aegean and Black Sea regions of Tirkiye,
representing two of the country's most critical mariculture zones.
These regions present distinct environmental conditions, such as
water temperature regimes, coastal geomorphology, and
hydrodynamics, that fundamentally dictate local aquaculture
practices.

The Aegean region features relatively stable temperature
profiles and favorable hydrodynamic circulation, making it the
primary hub for cultivating European seabass (Dicentrarchus
labrax) and gilthead seabream (Sparus aurata). Conversely, the
Black Sea exhibits lower salinity and severe seasonal temperature
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fluctuations. In recent years, this region has experienced rapid
aquaculture expansion driven by "Turkish salmon™ farming, the
marine  grow-out of freshwater-reared rainbow  trout
(Oncorhynchus mykiss). The favorable winter and spring water
temperatures have solidified this production model as the
dominant aquaculture activity in the Black Sea. These stark
regional differences in target species and environmental
constraints provide an ideal comparative framework for
examining structural adaptations in cage systems.

2.2. Data Collection

This study utilized two independent datasets to establish a
longitudinal comparison. The baseline dataset was derived from
a doctoral thesis (Tosun, 2010) analyzing the structural and
economic characteristics of 12 marine fish farms (6 in the Black
Sea and 6 in the Aegean) in 2010. The contemporary dataset was
compiled through comprehensive field observations and direct
consultations with farm operators between 2024 and 2025. The
farms surveyed in 2025 were not necessarily identical to those
included in the 2010 dataset; therefore, comparisons were
conducted at the regional level rather than at the individual farm
level.

Data collection encompassed farms across both regions,
including established zones like the Karaburun-Ildir Bay in the
Aegean and various enterprises across the Black Sea. To ensure
robust comparative validity between the two time periods,
consistent variables were extracted from farm records and
managerial interviews. The primary structural indicators recorded
were:

* Number of cages per farm

» Cage diameter (m)

» Cage net depth (m)

* Annual production capacity (tons/year)
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» Stocking density (kg/m?3)
e Number of employees

2.3. Data Analysis

To evaluate the structural evolution of these systems,
several secondary performance indicators were derived from the
primary variables. The working volume of each cage was
estimated using the standard formula for a cylinder:

V =nr°h

where V is cage volume (m3), r is cage radius (m), and h is net
depth (m).

Using these baseline measurements, production efficiency was
quantified through the following metrics:

* Production per cage (tons/cage)
* Production per worker (tons/worker)
* Mean cage volume (md)

Descriptive statistics were applied to summarize the
variables across each region and time period. Comparative
analyses were stratified by region (Aegean vs. Black Sea) to
isolate region-specific trajectories in technological adaptation and
farm management.

3. RESULTS
3.1. General Characteristics of Marine Cage Farms

The general structural characteristics of marine cage farms
operating in the Aegean and Black Sea regions were evaluated by
comparing farm-level indicators from 2010 and 2025. The main
farm characteristics, including cage number, workforce size, and
distance of cages from the coastline, are summarized in Table 1.
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Table 1. General characteristics of marine cage farms in the
Aegean and Black Sea regions in 2010 and 2025

Mean

Region Year Number of Mean ~cage Mean workers distance  to
farms number

shore (m)
Black Sea 2010 6 36.7 8.5 883
Black Sea 2025 6 24.3 12.2 2140
Aegean 2010 6 15.3 45 175
Aegean 2025 6 25.2 11.8 918

In the Black Sea region, farms operated an average of 36.7
cages per farm in 2010, whereas this value decreased to
approximately 24.3 cages per farm in 2025. Despite the decrease
in the number of cages, the workforce employed in the farms
increased over time, rising from an average of 8.5 workers in
2010 to 12.2 workers in 2025. In addition, the spatial location of
cage systems changed considerably. The average distance of
cages from the shoreline increased from approximately 883 m in
2010 to more than 2,100 m in 2025, indicating a shift toward
offshore production areas.

In the Aegean region, farms operated an average of 15.3
cages per farm in 2010, while the average number of cages
increased to 25.2 cages per farm in 2025. The number of
employees working in these farms also increased during the same
period, rising from an average of 4.5 workers to 11.8 workers per
farm. Similar to the Black Sea region, the spatial distribution of
cages also changed in the Aegean region. The average distance
from the coastline increased from approximately 175 m in 2010
to around 918 m in 2025 (Table 1).

3.2. Structural Characteristics of Cage Systems

The structural characteristics of cage systems used in
marine aquaculture farms were evaluated using cage diameter, net
depth, and calculated cage volume. The comparison of these
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structural indicators between regions and time periods is
presented in Table 2.

Table 2. Structural characteristics of cage systems

Region  Year Mean cage Mean net depth Mean cage volume

diameter (m) (m) (m3)
Black Sea 2010 14 8.3 1286
Black Sea 2025 43.2 12.8 18700
Aegean 2010 20.3 11.5 3735
Aegean 2025 30.7 13.7 11874

In the Black Sea region, the cage systems used in 2010
were relatively small compared with those observed in the current
production systems. The mean cage diameter increased from
approximately 14 m in 2010 to 43.2 m in 2025, while the mean
net depth increased from 8.3 m to 12.8 m. As a result of these
dimensional changes, the estimated mean cage volume increased
substantially, indicating a major expansion in the physical
production capacity of individual cages.

In the Aegean region, cage systems were already larger
than those observed in the Black Sea during the baseline period.
In 2010, the mean cage diameter was approximately 20.3 m, with
an average net depth of 11.5 m. By 2025, the mean cage diameter
increased to 30.7 m, while the mean net depth increased to 13.7
m. These changes resulted in a noticeable increase in average
cage volume across farms operating in the region. The
comparison of cage system characteristics indicates that marine
cage farms in both regions have adopted larger cage structures
over time (Table 2). The increase in cage diameter between the
two study periods is illustrated in Figure 2.
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Change in Mean Cage Diameter of Marine Cage Farms (2010-2025)
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Figure 2. Change in mean cage diameter in marine cage farmsin
the Aegean and Black Sea regions between 2010 and 2025.

3.3. Production Characteristics

Production characteristics of marine cage farms were
evaluated using farm-level production capacity, production per
cage, and stocking density values. The comparison of these
indicators between regions and years is presented in Table 3.
Changes in farm production capacity between 2010 and 2025 are
illustrated in Figure 3.
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Table 3. Production characteristics of marine cage farms

Mean production per Mean stocking

Region Year Mean production (ton) cage (ton) density (kg m %)
Black

Sea 2010 115 4.1 10.6
Black

Sea 2025 2567 132.6 14
Aegean 2010 371 23.7 14.7
Aegean 2025 1957 100.8 11

Change in Mean Production Capacity of Marine Cage Farms (2010-2025)
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Figure 3. Change in mean production capacity of marine cage
farms in the Aegean and Black Sea regions between 2010 and
2025.

In the Black Sea region, the average production capacity
of farms increased dramatically between the two study periods.
In 2010, the mean farm production was approximately 115 tons,
whereas in 2025 the average production capacity exceeded 2,500
tons per farm. The average production per cage also increased
considerably during this period. Stocking density values showed

10



Su Uriinleri Alaminda Bilimsel Arastirmalar

a moderate increase, rising from approximately 10.6 kg m™ in
2010 to around 14 kg m™ in 2025.

In the Aegean region, production capacity also increased
substantially. The mean farm production increased from
approximately 371 tons in 2010 to nearly 1,957 tons in 2025.
Production per cage also increased during this period, reflecting
the expansion of cage systems and the increase in farm-scale
production. In contrast to the Black Sea region, stocking density
values remained relatively stable across the two study periods
(Table 3).

3.4. Labor Productivity in Marine Cage Farms

Labor productivity was evaluated using the number of
workers employed per farm and the average production per
worker. The comparison of labor productivity indicators is
presented in Table 4.

Table 4. Labor productivity in marine cage farms

Region Year wl\cglrizr]rs Mean production per worker (ton)
Black Sea 2010 8.5 135
Black Sea 2025 12.2 210
Aegean 2010 4.5 82
Aegean 2025 11.8 166

In the Black Sea region, the average number of workers
per farm increased from 8.5 employees in 2010 to 12.2 employees
in 2025. However, due to the substantial increase in production
capacity, the average production per worker increased
dramatically, rising from approximately 13.5 tons per worker in
2010 to more than 200 tons per worker in 2025.

In the Aegean region, the average number of employees
also increased between the two study periods, rising from 4.5
workers per farm in 2010 to 11.8 workers in 2025. As production

11
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capacity increased over time, labor productivity also improved
considerably. The mean production per worker increased from
approximately 82 tons per worker in 2010 to around 166 tons per
worker in 2025 (Table 4).

3.5. Spatial Distribution of Cage Farms

The spatial distribution of marine cage farms was
evaluated by examining the distance of cage systems from the
shoreline. Changes in the average distance of cages from the
coastline between 2010 and 2025 are illustrated in Figure 4.

Change in Mean Distance of Cages from the Shoreline (2010-2025)
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Figure 4. Change in the average distance of marine cage farms
from the shoreline in the Aegean and Black Sea regions between
2010 and 2025.

In the Black Sea region, the mean distance of cages from
the shoreline increased from approximately 883 m in 2010 to
more than 2,100 m in 2025, indicating a substantial shift toward
offshore production areas. A similar trend was observed in the
Aegean region, where the average distance from the shoreline

12
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increased from approximately 175 m in 2010 to around 918 m in
2025.

These results indicate that marine cage aquaculture farms
in both regions have gradually moved further offshore over time.

4. DISCUSSION

The results of this study reveal substantial structural
changes in marine cage aquaculture systems operating in the
Aegean and Black Sea regions of Tirkiye over the past decade.
The comparison of farm-level indicators between 2010 and 2025
shows clear increases in cage dimensions, production capacity,
and labor productivity. These physical expansions have been
accompanied by a gradual shift of cage systems toward offshore
areas, a trend that aligns with broader national shifts driven by
spatial planning regulations and the need to mitigate coastal
environmental pressures (Kocer et al., 2020; Yicel-Gier et al.,
2010). Although both regions experienced expansion in
production capacity, the magnitude and nature of these changes
differed significantly between the Black Sea and the Aegean
regions, reflecting the distinct developmental trajectories of the
mature seabass and seabream sector versus the recent, rapid
industrialization of salmonid farming (Biiyiikates et al., 2024;
Yigit et al., 2024).

One of the most striking findings of the study is the
dramatic increase in production capacity observed in the Black
Sea region. Between 2010 and 2025, average farm production
increased more than twenty-fold, while cage diameters and cage
volumes increased substantially. These structural changes
strongly coincide with the rapid expansion of Turkish salmon
production, which refers to the marine grow-out of rainbow trout
(Oncorhynchus mykiss) transferred from freshwater facilities to
sea cages (Aydm et al., 2025). Over the last decade, Turkish

13
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salmon production has become one of the fastest-growing
segments of the Turkish aquaculture sector, with the Black Sea
region emerging as the primary production area and becoming
increasingly integrated into the global salmonid value chain
(Knudsen, 2025; Aydm et al., 2025).

The production model used in Turkish salmon farming
differs considerably from traditional marine fish farming
practices. In this system, juvenile trout produced in freshwater
hatcheries are transferred to marine cages for grow-out
exclusively during the winter and spring seasons. This seasonal
strategy is biologically enforced by the Black Sea's summer
surface water temperatures, which frequently approach or exceed
the upper thermal tolerance limits for Oncorhynchus mykiss
(Chen et al., 2015; Dressler et al., 2023; Melnikov et al., 2025).
Consequently, to achieve economically viable harvest volumes
within this strictly compressed production window, the industry
requires significantly larger cage volumes and higher stocking
capacities. The substantial increase in cage dimensions and
production capacity observed in the Black Sea region in this study
appears to represent a structural adaptation to this biologically
constrained production model.

In addition to changes in cage size, technological
developments in cage infrastructure and materials have been
essential to support this structural expansion. Observations from
the 2010 baseline study indicated that farms operating in the
Aegean region predominantly used knotless cage nets, primarily
due to concerns regarding fish welfare and product quality.
Producers emphasized that knotted nets could cause physical
abrasion and damage to fish skin, negatively affect the visual
quality of harvested fish, and increase susceptibility to secondary
infections by compromising the epidermal barrier (Comas Morte,
2018; Powell, 2021).

14
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Field observations conducted in 2025 indicate that cage
net technology has evolved considerably to accommodate the
physical demands of larger volumes and deeper waters.
Particularly in the Black Sea region, where mean cage diameters
expanded to 43.2 m and net depths increased to 12.8 m, modern
cage systems increasingly utilize nets manufactured from
Dyneema fibers. This high-performance polyethylene material
provides the high tensile strength and low weight necessary to
maintain the structural integrity of these massive enclosures
(Conides et al., 2023). Furthermore, their low elongation
properties allow stable mesh openings, which are critical for
maintaining effective water exchange and structural stability as
farms have shifted to more exposed offshore locations (exceeding
2,100 m from the shoreline in the Black Sea) (Verep & Balta,
2023). In addition, modern cage nets are commonly produced
from HDPE-based knotless materials, and antifouling coatings
containing elements such as copper or silver are frequently
applied in order to reduce biofouling (MacKenzie et al., 2021,
Conides et al., 2023).

While the structural expansion observed in the Black Sea
region appears closely associated with the rapid growth of
Turkish salmon farming, the development trajectory in the
Aegean region follows a somewhat different pattern. Although
the results show clear increases in production capacity and cage
dimensions in the Aegean region between 2010 and 2025, the
magnitude of these changes is noticeably more moderate. This
difference may be partly explained by the fact that the Aegean
region already hosts a well-established marine aquaculture
industry that has developed over several decades, primarily based
on the production of European seabass (Dicentrarchus labrax) and
gilthead seabream (Sparus aurata). The long-standing presence of
the seabass and seabream industry in the Aegean region has
resulted in a relatively mature production structure, where many

15
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farms have already reached a stable operational scale (Yildirim,
2023; Ertor & Ortega-Cerda, 2019). In addition, production
expansion in the region is often constrained by limited suitable
farming areas and regulatory licensing frameworks, particularly
in densely utilized and environmentally protected zones (Tosun
et al., 2025; Ertor & Ortega-Cerda, 2019). As a result, while
technological improvements and moderate increases in cage size
are observed, the overall expansion of production capacity
remains more gradual compared with the rapidly expanding
Turkish salmon sector in the Black Sea (Yigit et al., 2023).

Another important trend observed in both regions is the
gradual movement of marine cage farms toward offshore
locations. The increase in the distance of cage systems from the
shoreline between 2010 and 2025 suggests that aquaculture
production is progressively shifting toward deeper and more
exposed coastal areas. This trend may reflect several factors,
including environmental regulations, spatial competition with
coastal tourism and other marine activities, and the need for better
water exchange conditions in high-capacity cage systems.

The findings of this study indicate that marine cage
aquaculture systems in Turkiye have undergone a clear process of
structural transformation over the past decade. While both the
Aegean and Black Sea regions show evidence of increasing
production capacity and technological development, the
underlying drivers of this transformation differ between regions.
In the Black Sea, the rapid growth of Turkish salmon production
appears to be a major driver of structural change, whereas in the
Aegean region the evolution of cage systems reflects the gradual
technological development of a mature aquaculture industry
operating within spatial and regulatory constraints.

16
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5. CONCLUSION

This chapter examined the structural transformation of
marine cage aquaculture systems in the Aegean and Black Sea
regions of Turkiye by comparing farm-level indicators obtained
in 2010 and 2025. The comparison revealed significant changes
in cage dimensions, production capacity, labor productivity, and
the spatial distribution of marine cage farms over the past decade.

The results indicate that marine aquaculture production
systems in both regions have undergone a clear process of
production scaling, characterized by increases in cage size and
farm-level production capacity. Larger cage diameters, deeper
nets, and higher production volumes were observed in the farms
surveyed in 2025 compared with those operating in 2010. These
structural changes reflect the broader technological evolution of
marine cage farming systems and the increasing industrialization
of the aquaculture sector.

However, the magnitude and drivers of this
transformation differed considerably between the two regions.
The Black Sea region experienced the most pronounced structural
changes, including substantial increases in cage size and farm
production capacity. These changes appear to be closely
associated with the rapid expansion of Turkish salmon
production, which has emerged as one of the fastest-growing
aquaculture sectors in Tulrkiye during the last decade. The
production model used in Turkish salmon farming, involving the
transfer of rainbow trout from freshwater hatcheries to marine
cages for grow-out, requires large cage volumes and high
production capacities, which likely contributed to the structural
expansion observed in this region.

In contrast, although the Aegean region also showed
increases in production capacity and cage dimensions, the overall
magnitude of change was more moderate. This difference may be

17
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related to the presence of a long-established marine aquaculture
industry in the region, primarily focused on European seabass
(Dicentrarchus labrax) and gilthead seabream (Sparus aurata)
production. In addition, spatial limitations and regulatory
licensing frameworks may restrict large-scale expansion of
production capacity in the Aegean region, resulting in a more
gradual technological development of cage farming systems.

Another important finding of the study is the gradual
movement of marine cage farms toward offshore locations. The
increase in the distance of cage systems from the coastline
observed between 2010 and 2025 suggests that aquaculture
production is progressively shifting toward deeper and more
exposed marine environments. However, this spatial shift is not
solely associated with the technological expansion of cage
systems or increasing production capacity. Regulatory changes
introduced in national aquaculture policies and coastal
management regulations have also played a significant role in this
process. In particular, revisions to aquaculture legislation
required the relocation of many cage farms previously located in
semi-enclosed bays and sheltered coastal areas to more open
marine environments. As a result, the offshore expansion of
marine cage aquaculture in Turkiye reflects both technological
development and regulatory restructuring of coastal aquaculture
zones.

Overall, the findings presented in this chapter demonstrate
that marine cage aquaculture in Turkiye is undergoing a
significant structural transition characterized by larger cage
systems, increased production capacity, and a gradual expansion
toward offshore farming areas. These developments highlight the
dynamic nature of the sector and underline the importance of
adaptive management strategies that consider both technological
development and spatial planning in the sustainable growth of
marine aquaculture.

18
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IN VITRO YANGI MODELINDE ESCIN'IN
ANTIINFLAMATUAR VE ANTIAPOPTOTIK
ETKIiLERININ ARASTIRILMASI

Azime KUCUKGUL!
Altug KUCUKGUL?

1. GIRIS

Su Urlnleri Gretimi tim dunyada ve ulkemizde gittikce
biiyliyen bir sektdr haline gelmistir. Bu artisin siirdiiriilebilmesi
i¢in yetistiricilik ortamlarinda su kalitesinin saglanmasi, iyi yem
ile besleme veya hastaliklarla miicadele gibi cesitli faktorlerin
basaril1 bir sekilde yonetilmesi gerekmektedir (Baba, 2017).

Yetistiricilik c¢alismalarinin artmasiyla birlikte balik
hastaliklarmm o6nemi de artmugtir. Cilinki su driinleri
yetistiriciliginin gelisimini sinirlayan ve ciddi kayiplara neden
olabilen Onemli faktorlerden birisi balik hastaliklaridir.
Yetistiricilik initelerinde hastalik faktorlerinin en Onemli
dezavantaji saglikli {irlin elde edememektir. Bunun yaninda
gerek isletme bazinda gerekse yerel ve genel tiretimde kayiplara
yol agmasi gibi olumsuz etkileri ile ayrica halk sagligi, giivenli
ve kaliteli su {riinleri sunmay1 zorlagtirma, uluslararasi
standartlarin  dismna ¢ikma gibi  bircok problemleri de
beraberinde getirmesi yoniiyle iizerinde ciddiyetle durulmasi
gerekli konulardandir. Baliklarda birgok etken hastalik kaynag:
olabilirken bakteriden koken alan hastaliklara siklikla

Prof. Dr., Munzur Universitesi Su Uriinleri Fakiiltesi, Yetistiricilik Boliimii,
Hastaliklar Anabilim Dali, Aktuluk/Tunceli, ORCID: 0000-0002-0515-6667.

2 prof. Dr., Hatay Mustafa Kemal Universitesi Veteriner Fakiiltesi, Biyokimya
Bolumi, Serinyol/Hatay, ORCID: 0000-0003-4387-6814.
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rastlanmaktadir. Bu hastaliklarda ortaya ¢ikan reaksiyonlardan
biriside inflamasyon (yangi)’dur. Sitokinler yanginin baglamasi
ve devamindan sorumlu polipeptidlerdir. LPS ise inflamatuar
cevabin potansiyel bir baslaticisidir.

Gram negatif karakterli bakterilerin dis duvarmin ana
yapisal bileseni olan bakteriyel lipopolisakkarit (LPS), hastaligin
viriilansindan ~ sorumlu en 6nemli komponentidir ve
endotoksindir. Projen olarak da isimlendirilmektedir (Schitz,
1990). LPS; Lipid A, O-antijeni ve hidrofilik ¢ekirdek olmak
tizere ii¢ kisitmdan olugsmaktadir. Lipid A bileseni organizmadan
organizmaya degismekle birlikte bakterilere spesifik patojenik
ozellikler kazandirmada esastir (Allen ve Imperiali, 2019).
Bakteri hiicresinin biitlinliigiinii ve bakterilerin diger yiizeylerle
etkilesimini saglamaktadir (Li ve ark., 2017). Cogu bakteriyel
LPS molekiilii termostabil olup bagisiklik sistemi i¢in gliglii bir
proinflamatuar uyarici tiretmektedir. Farkli gram negatif bakteri
cinslerinde farkli LPS tipleri bulundugundan, LPS gram negatif
bakterilerin serotiplendirilmesinde kullanilmaktadir (Maldonado
ve ark., 2016). LPS, intrapulmoner sitokinlerde artigla beraber
notrofilik inflamatuar yanita neden olur. LPS'in patolojik
diizeyde sitokin salmmmina yol actigi birgok c¢alismada
gosterilmistir. Erken evrede LPS uyarimi ile sepsisin "santral"
mediyatorleri olarak bilinen TNF a, IL-1p ve IL-6
salinmaktadir.

Yetistiricilik sistemlerinde ge¢misten bugiine baliklarin
biiylime ve iiremesini gelistirmek, hastaliklardan korumak veya
sagaltimin1 saglamak adina ¢esitli uygulamalar yapilmaktadir.
Yapilan uygulamalar arasinda yemlere ¢esitli katki maddelerinin
eklenmesi, bagisiklik giiclendirici olarak immiinostimulan
uygulamalari, cesitli iglemler i¢in anestezi uygulamalar1 veya
tedavi amaciyla antibiyotik, antiparaziter ve antifungal ajanlarin
kullanim1 yer almaktadir. Bunlardan o6zellikle antibiyotik
kullanim1 bilingsiz ve sik bir sekilde uygulandiginda patojenler
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lizerinde direng gelisimi, baliketinde rezidii olusumu veya dogal
ekosisteme  zarar  verme  gibi  olumsuz  sonuglar
olusturabilmektedir (Celikkale ve ark., 1999; Olatoye ve Afisu,
2013).

Bu sentetik {iriinlere, kimyasallara, antibiyotiklere karsin
son yillarda balik hastaliklarinda da siklikla alternatif tedavi
olarak bitkisel kaynakli iiriin kompozisyonlar1 (fitoterapi)
kullanilmaktadir. Bitkisel iirtinlerin tercih edilme nedenleri
arasinda ucuz olmalar, kolay temin edilebilmeleri, diisiik
dozlarda etki gostermeleri, biyolojik olarak pargalanabilmeleri,
patojenlere karsi etkili ve ¢evre dostu olmalar1 yer almaktadir.
Bunun yanmda bircok literatiir ile bitkilerden elde edilen
esansiyel yag, hidrozol, ekstrat vb. kullanimlar1 balik hastaliklar
tizerinde de denenmis igermis olduklar1 ¢esitli etken maddeler
sayesinde olumlu sonuglar alindig: bildirilmistir (Gulec ve ark.,
2013; Altinterim ve ark., 2012; Kglkgil ve Kugukgdl, 2017).

Aragtirmacilar, 0Ozellikle dogal kaynakli bitkilerin
yapisindaki ekstraktlar olan esansiyel yaglara odaklanmislardir.
At kestanesi (Aesculus hippocastanum) yiizyillardir varis,
hematom ve venoz tikaniklik, hemoroid dahil olmak {iizere
belirli durumlarda tedavi amagli geleneksel bir ilag olarak
kullanilmaktadir (Bombardelli ve ark., 1996; Chauhan ve ark.,
2012). Atkestanesinin 6nemli aktif bilesenlerinden birisi “Escin”
olarak bilinmektedir. Ayrica, birgok calismada antiinflamatuar,
antitumor, antiviral, antifungal ve antioksidan etkileri gibi tibbi
ozellikleri ortaya koyulmustur (Sirtori, 2001; Pittler ve Ernst
2006).

Bu caligmada, RTG-2 (Rainbow trout gonad- ATCC,
CCL55) hiicrelerine farkli konsantrasyonlarla LPS ve Escin
farkli konsantrasyonlarda uygulanmis ve viabilite analizleriyle
(MTT) bu maddelerin etkin konsantrasyonlar1 tespit edilmistir.
Secilen bu konsantrasyonlarin hiicrelere uygulanmasi takiben
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deneme gruplarindan alman RNA orneklerinden yangi
parametreleri olan IL-1B  ve TNF-o ile apoptoz
parametrelerinden kaspaz 3 gen ekspresyonlart qRT PCR
yontemiyle molekiiler diizeyde ortaya konmustur.

2. MATERYAL VE YONTEM
2.1. Materyal

Bu c¢aligmada Rainbow trout gonad (RTG-2, ATCC,;
CCL-55 ) hucreleri in vitro uygulama igin, Lebovitz L-15 besi
yeri besi ortami, lipopolisakkarit (LPS) ise enfeksiyon
olusturmak i¢in olarak kullanildi. Ticari olarak temin edilen LPS
(Escherichia coli, serotip 026:B6) (Sigma Aldrich, St, Louis,
CO) konsantrasyonun belirlenmesinde doz tespit g¢aligmalar
yapild1 (Pelegri ve ark., 2003). Buna gore deneysel LPS
konsantrasyonu 0, 20 ve 50 uM/ml olarak belirlendi. Hucre
viabilite testleri sonunda ise 20 puM/ml konsantrasyon sub-lethal
doz olarak belirlendi. Yiizyillardir geleneksel bir ila¢ olarak
kullanilan at kestanesinin (A. hippocastanum) aktif bileseni olan
escin ticari olarak temin edilmistir. Bu ¢aligmada Escin LPS ile
enfeksiyon Uzerindeki etkilerini belirlemek igin kullanildi. Bu
calismada deneysel asamada Escin 0.1, 0.5, ve 1 pg/ml
konsantrasyonlarda  degerlendirildi. Hiicre viabilite test
sonuglarityla en etkin doz olarak 0.1 pg/ml konsantrasyon
go6zlendi

2.2. YOntem
2.2.1. Hucre Kiltari

Hatay Mustafa Kemal Universitesi Veteriner Fakiiltesi
Biyokimya A.D. hiicre kiiltiirii laboratuvarinda sivi azotta
muhafaza edilen RTG-2 gokkusagi alabaligi gonad hiicreleri 25
cm?lik hiicre kiiltiirii siselerinde iiretildi ve %80-90 flask
tabanina  yayilim  gosterildiginde  tripsinize  (%0,025
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Tripsin/EDTA) edilerek kaldirildi ve pasajlandi. Bu flasklara,
%10 FCS ve antibiyotiklerle (100 U mL 1 penisilin G ve 100 Ig
mL 1 streptomisin) eklenmis Lebovitz L-15 besi ortamina
hiicreler 4x10°/ml olacak sekilde ekildi. Hiicreler, %95 havada
%5 CO; iceren 25°C'lik bir inkubatorde 4-5 jenerasyona kadar
iretildikten sonra denemeler baslatildi.

2.2.2 Hiicre Canlhihk Analizi

MTT testi, hucrelerin normal metabolik durumunun
hassas ve klasik bir dl¢timii olan hiicre canliligini test etmek igin
kullanildi. Kisaca, hiicreler 24 kuyulu hiicre kiiltlirii pleytlerine
ekildi. Hiicreler yapistiktan sonra (24 saat) gruplara ayrilarak
hiicreler farkli konsantrasyonlarda Escin (0, 0.1, 0.5 ve 1 pg/ml)
ve LPS (0, 25 ve 50 uM) igeren L-15 besi ortamiyla 24 saat
muamele edildi. Siire sonunda MTT boyasinin formazan tuzuna
(suda c¢oziinmeyen) doniigmesine izin vermek i¢in 4 saat
boyunca bir CO> inkibatoriinde 100 uL 5 mg/mL MTT cozeltisi
(komple lebovitz ortaminda) ile inkiibe edildi. Daha sonra
siipernatantlar alinarak sadece canli hiicreler tarafindan
olusturulan formazan tuzlarmni ¢ézmek i¢in kuyulara 100 pL
0.04 M HCL/isopropanol ile 15 dk sureyle 37 °C’de eklendi.
Stire sonunda kuyucuklardan alman Ornekler 570 nm dalga
boyundaki absorbanslari, bir mikro plaka okuyucusu (pQuant-
Biotek EU) kullanilarak dl¢tildii.

2.2.3. RNA izolasyonu ve qRT-PCR

Hedef genlerin  ekspresyon analizleri gRT-PCR
yontemiyle gerceklestirildi. Oncelikle Riboniikleik asit (RNA)
eldesi temin edilen NuikleoGene QuickEx Total RNA
Extraksiyon kitiyle (GeneAll-SK) saglandi. Elde edilen
riboniikleik asitlerin saflik dereceleri laboratuarimizda bulunan
spektrofotometre yardimiyla (Shimadzu-UV mini 1240) 260 nm
ve 280 nm absorbans degerleri oranlamalariyla tespit edildi
(1.7°den bilylik olan oOrnekler calismada kullanilmak igin
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secildi). Bu yontemde RTG-2 hucrelerinin escin ve LPS ile 25
cm2’lik flasklarda 24 saat sireli inkiibasyondan sonra buz
soguklugunda 1 ml PBS eklendikten sonra bir scraper
yardimiyla kazindi. Sonrasinda ependorflara toplana toplanan ve
mililitresinde 1 milyon hicre bulunan hicrelere ektraksiyon
kitinin prosedird uygulanarak RNA’lar izole edildi. Uygulama
sonunda RNA partikilu bulunan tuplere 1’er ml “DEPC’li su”
eklenerek sulandirilma islemi gergeklestirildi.

Bu islemlerden sonra qRT- PCR metodu ile hedef
genlerin ekspresyon seviyelerinin arastirilmast asamasina
gecildi. Bu metodda HOT FIREPoI® SolisGreen® gPCR Mix
2.0 ticari kiti kullanilarak interlokin 1 beta (IL-1B), timor
nekrozis faktor- alfa (TNF-a) ve kaspaz 3 (Cas-3) gen
ekspresyonlart bir thermal syklir (Bio RAD CFX96) ile
gergeklestirildi. Her bir reaksiyon tiiptinde toplamda 20 pl
olacak sekilde (4 ul HOT FIREPol® SolisGreen® qPCR Mix
2.0 (5X), 0,5 pl Reverse primer, 0,5 pl Forward primer, 100 ng
RNA konsantrasyonuna denk gelen c¢cDNA ve 20 ul'ye
tamamlayan DEPC su) reaksiyon karigimlart olusturuldu.

Arastirmada kullanilan primer dizgeleri asagida ¢izelge
halinde verilmistir (Cizelge 2.). Uygulamada enzim aktivasyonu
icin  95°C°de 10 dakika ve 1 olarak gerceklestirildi. Devaminda
reaksiyonlar: “denatiirasyon” asamasi igin ise 95 °C’de 10
saniye, ‘“annealing” asamasi i¢in 60 °C’de 20 saniye ve
“ekstension” asamasi igin ise 72 °C’de 20 saniye olacak sekilde
gerceklestirildi.  Bu reaksiyonlar 40 siklus tekrarli olarak
tamamlandi.
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Cizelge 2.1. Genlere ait primer dizgeler

Gen Reserve Forward

IL-1B 5-TTG AGC AGG TCC TTG 5"-ACA TTG CCA ACCTCA
(Sentege TCCTTG-3’ TCG- 3’

n, TR)

TNF-a 5"-TGA GGC CTTTCTCTC 5" -TGG AGG GGT ATG CGA
(Sentege  AGC GAC AGC -3’ TGACACCTG-3’

n, TR)

Cas-3 5 5’

(Sentege CCGACTCCAACTCCAACAC TTGCTGGAGAGTGCTGTGGAAG
n, TR) TA 3 AA 3’

B-Act 5’-CAG CGG AACCGCTCA 5-TCACCCACACTGTGCCCA
(Sentege  TTG CCA ATG G-3’ TCTACG A-3

n, TR)

2.2.4. istatistiksel Analizler

Deneme c¢oklu verileri, SPSS 21.0 programi, Deskriptif,
One-way ANOVA analizi yontemi ile ortaya konuldu. Gruplar
arasi istatistiksel farklarin 6nem dereceleri Duncan testiyle tespit
edildi. P<0.05 ve altindaki veriler istatistiksel onemli sayildi.
Veriler ise Ortalama + Standart Hata (S.E) olarak adlandirildi.

3. BULGULAR
3.1. Hiicre Canhilik Testleri

Gokkusagi alabaligina ait gonad hiicre hatt1 olan RTG-2
hiicreleri, farkli konsantrasyonlarda LPS ve escin ile hem ayri
ayrt hem de kombine sekilde 24 saat siireyle inkiibe edilmistir.
LPS uygulamast sonrasinda Dbelirlenen hiicre canlilik
diizeylerine iliskin analiz sonuglari, ii¢ bagimsiz tekrarin
ortalama degerleri alinarak ve yiizdelik standart hata (£SH)
hesaplanarak grafiksel olarak sunulmustur.
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Sekil 3.1. Farkh konsantrasyonlardaki LPS’in hiicre canhihig1
Uzerine etKileri

Sekilde goriildiigii tizere, RTG-2 hucrelerine LPS’in 24
saat 25 puM ve 50 uM konsantrasyonlarda uygulanmasi
sonrasinda hiicre canliliginin sirasiyla %7 ve %8,5 oraninda
azaldig tespit edilmistir.

04 -
035 -

0,3 -
0,25 -
0,2 -
0,15 -
0,1 -
0,05 -
0

Kont Escin 0,1 Escin 0,5 Escin 1
pug/ml pug/ml pug/ml

Hiicre canlihig

Sekil 3.2. Farkh konsantrasyonlardaki Escinin hiicre canlilig
Uzerine etKileri
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Sekil 3.2’ye gore, RTG-2 hiicrelerine 24 saat stireyle 0,1;
0,5 ve 1 pg/ml konsantrasyonlarda escin uygulanmis ve
ardindan hiicre canlilik testleri gergeklestirilmistir. Elde edilen
veriler, kontrol grubundaki hiicre canlilig1 ile karsilastirildiginda
0,1 pg/ml konsantrasyonun hiicre canliligint %2,7 oraninda
artirdigini; 0,5 ve 1 pg/ml konsantrasyonlarin ise hiicre
canliliini sirasiyla %5 ve %16 oraninda azalttigini gostermistir.
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0,315 -
0,31 -
0,305 -

0,3 -
0,295

Hiicre Canlihg:

Kontrol LPS 25 uM LPS 25 uM + Escin
0,1 pg/ml)

Sekil 3.3. LPS ve Escinin birlikte kullaniminin hiicre canlihg:
tzerine etkileri

Gokkusag1 alabaligina ait gonad hucrelerine 24 saat
siireyle LPS hem tek basina hem de escin ile uygulanmistir. Elde
edilen bulgulara gore, kontrol grubu ile karsilastirildiginda LPS
uygulamasmin hiicre canliligin1 %7 oraninda azalttig1; escin ile
kombine uygulamada ise bu azalmanin %]1,6 oraninda geri
cevrildigi belirlenmistir.

3.2. Gen Ekspresyon Analizleri

Hiicrelere 24 saat LPS ve escin uygulamasi
gerceklestirilmistir. Inkiibasyon siiresinin sonunda, deneme
gruplarindan toplam RNA izolasyonu yapilmis ve elde edilen
RNA  oOrneklerinden c¢DNA sentezi  gerceklestirilmistir.
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Ardindan, gercek zamanli polimeraz zincir reaksiyonu (Real-
Time PCR) yontemi kullanilarak IL-1f3, TNF-a ve Caspase-3
(Cas-3) genlerinin ekspresyon diizeyleri analiz edilmistir. Gen
ekspresyon diizeyleri uygun referans gen(ler) kullanilarak
normalize edilmis ve kontrol grubu ile karsilastirmali olarak
degerlendirilmistir.

3.2.1. IL-1P gen ekspresyonu

RTG-2 hiicrelerine 24 saat siireyle LPS hem tek basina
hem de escin ile kombine olarak uygulanmistir. Elde edilen gen
ekspresyon verileri kontrol grubu ile karsilagtirmali olarak
degerlendirilmistir. Analiz sonuglarina gore, LPS uygulamasi
IL-1B gen ekspresyonunu kontrol grubuna kiyasla yaklasik 3 kat
artirmistir. LPS ve escinin birlikte uygulandig1 grupta ise IL-13
ekspresyon diizeyinin azaldig1 ve bu azalmanim 1,39 relatif kat
degisim (fold change) diizeyinde oldugu belirlenmistir. Bu
bulgular, escinin LPS ile indiiklenen IL-1B ekspresyon artigini
kismen baskiladigini gostermektedir.
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Sekil 3.4. IL-1P ekspresyon diizeyi
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3.2.2.TNF-a Gen Ekspresyonu

RTG-2 hiicrelerine 24 saat LPS tek basma ve escin ile
kombine olarak uygulanmistir. Elde edilen bulgulara gore, LPS
uygulamast TNF-a gen ekspresyonunu kontrol grubuna kiyasla
1,07 kat artirmistir. LPS ve escinin birlikte uygulandigi grupta
ise TNF-a ckspresyon diizeyinin 0,88 relatif kat degisim
degerine geriledigi saptanmistir. Bu sonuglar, escinin LPS ile
indlklenen TNF-o ekspresyon artisin1  baskilayici  yonde
etkiledigini ve proinflamatuar yanit tizerinde diizenleyici bir rol
oynayabilecegini gostermektedir.

2,5

0,5

iL-1B gen ekspresyonu (relatif misli
degigim)
=
(%

Kontrol LPS 25 uM LPS 25 uM + Escin 0,1
pg/ml)

Sekil 3.5. TNF-a gen ekspresyon diizeyi
3.2.3.CAS-3 Gen Ekspresyonu

RTG-2 hiicrelerine 24 saat LPS tek basina ve escin ile
kombine olarak uygulanmustir. Elde edilen bulgulara gore, LPS
uygulamast CAS-3 gen ekspresyonunu kontrol grubuna kiyasla
1,12 kat artirmistir. LPS ve escinin birlikte uygulandig1 grupta
ise CAS-3 ckspresyon diizeyinin 0,93 relatif kat degisim
degerine geriledigi tespit edilmistir.
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Sekil 3.6. Cas-3 gen ekspresyon duzeyi
3.3. Hiicre Goruntuleri

Deneme sireleri sonunda hicrelerin goéruntilemeleri
invert mikroskopla (Olympus CK40, JP) gerceklestirildi.
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Sekil 3.7. Hicre goruntilemeleri

4. TARTISMA

Su iiriinleri yetistiriciliginde enfeksiy6z hastaliklardan en
yaygin olani bakteriyel hastaliklardir. Hastaliklardan korumak
yada hasta baliklann tedavi etmek i¢in wuzun yillardir
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antibiyotiklerden yararlanilmaktadir (Avsever ve ark 2010).
Ancak uzun sire antibiyotikli yemlerle beslenen hayvanlarda
kalintt ve kronik toksisite problemleri ortaya ¢ikmakta, ayrica
bakterilerde direng¢ gelisimi goriilmektedir ki bu durum hem bu
canlilar hem de tiiketiciler i¢in tehlike olusturmaktadir (Serrano
2005). Ote yandan, bilingsiz ve kontrolsiiz kullanimlari
nedeniyle avantajdan ¢ok dezavantaj olusturan antibiyotiklere
alternatif olarak bilim insanlar1 yeni terapdtik arayisina
odaklanmislar ve biyolojik aktif maddelerin ana kaynaklarindan
olan bitkiler tizerinde bir¢ok ¢alismalar yapmislardir.

Geleneksel tipta ve cesitli ticari preparatlarda uzun
yillardir kullanilan at kestanesi arastirmacilar tarafindan siklikla
degerlendirilmistir. Ozellikle at kestanesi tentiiriiniin hemoroit
(basur) iizerindeki olumlu etkisi, pek ¢ok kisinin dikkatini
¢ekmistir. Daha sonralari ise at kestanesi bitkisinin ekstraktinin
en yiiksek aktif oksijen gazi ¢ikarabilme yetenegine sahip
oldugu gosterilmis ve giiglii bir hiicre koruyucu etkisi sergiledigi
bildirilmistir (Sirtori, 2001). Bugiin kontrollii tibbi kosullar
altinda, at kestanesinin ekstraktlar1 damar yolu ile enjekte
edilerek; vendz stazi (organizmada olusan bir sivinin durmast),
varisli damarlar ve trombositler i¢in kullanilmaktadir. At
kestanesinin diger farmakolojik etkileri ise yapraklarinin
kaynatilmasi ile bogmaca hastaliginin tedavisinde, ates diistirticii
ve farelerde hipoglisemik olarak kullanildig1 raporlanmistir.
Yapilan denemeler gostermistir ki at kestanesinin bu etkilerini
saglayan etkin maddesi Escin olarak bilinmektedir. Escin,
yiizyillardir geleneksel bir ilag (hemoroid, varisli damarlar,
hematom ve vendz konjesyon gibi rahatsizliklarda) olarak
kullanilmaktadir (Bombardelli ve ark., 1996). Escinin ¢esitli
preparatlarda anti-6dem, anti-inflamatuar ve venotonik
ozellikler gosterdigi bildirilmektedir (Sirtori, 2001).

Baliklarda infeksiyoz bakteriyel enfeksiyonlar, balik
saghigr tizerindeki biiylik etkileri nedeniyle arastirmacilarin
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dikkatini ve ilgisini uzun yillardir ¢ekmektedir. Oyle ki bu
hastaliklara bagli mortaliteler ve beraberinde getirdigi ekonomik
kayiplar neredeyse toplam tiiretimin %10 nunu olusturmaktadir.
Baliklarda hastaliklara neden olan bakteriyel enfeksiyonlar
cogunlukla gram negatif kaynakhdir (Akayli ve ark., 2011;
Kucukgil ve ark., 2019; Selveraj ve ark., 2002). Gram-negatif
bakteriyel enfeksiyonlarin patogenezinde kilit bir rol oynayan
LPS gram-negatif bakterilerde dis zarin merkezi bir bilesenidir
(Whitfield ve Trent, 2014). Ana virtlans faktort olarak kabul
edilen endotoksinler de denilen bakteriyel lipopolisakaritler
(LPS), insanlarda ve hayvanlarda hastaliklarin lethal
etkilerinden ve Kklinik belirtilerinden sorumludur (Morrison ve
ark., 1985; Brandtzaeg ve ark., 2001). Yiiksek omurgal
hayvanlar ¢ok diisiik dozlarda dahi endotoksine hassasken, balik
gibi daha diisiik omurgalilar endotoksik soka siklikla direnclidir.
Buna ragmen LPS, sitokinleri, akut faz proteinlerini eksprese
etme giicline sahiptir ve ayrica g¢esitli balik tiirlerinde
immunolojik, patolojik, fizyolojik, immino-endokrinolojik ve
noro-immdinolojik etkiler gosterir (Pepels ve ark., 2004).
Enfeksiyon boyunca, bakteri LPS’si; inflamatuar hiicreler
tarafindan ~ konagin  mikroorganizmalarla  miicadelesinde
vazgecilmez rol oynayan sitokinlerin salinimina maruz kalir.
Ancak asir1 sitokin tretimi (TNF-o, IL-18 ve IL-6 vb.)
hiicrelerde hasara ve inflamatuar hastaliklara yol acar (Jin ve
ark., 2011). Bakteriyel enfeksiyonu takiben sitokin uyarimi
boyunca IL-6; proinflamatuar sitokinlerden ise TNF-o ve IL-f
salinimi izlenmektedir ki bu salinim baliklarda antibakteriyel,
antiparazitik ve antiviral immiinitede anahtar rol oynamaktadir
(Nam ve ark., 2007; Mladineo ve Block, 2010; Verriera ve ark.,
2011). Yapilan bir arastirmada, Sun ve ark. (2009) P.
aeruginosa' dan 1.000 ng/mL LPS’nin tam kanda TNF-a, IL-1,
IL-6, IL-8 ve IL-10'un belirgin salgilanmasina yol actigin
gostermiglerdir. Calismamizda, gokkusagir alabaligi gonad
hicreleri (RTG-2) lizerine 24 saat farkli konsantrasyonlarda LPS
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uygulandi. Hiicre canliliklar1 incelendi. Deneysel inflamasyon
olusturmak i¢in en etkin doz LPS 20 uM/ml olarak belirlendi.
Sonrasinda gonad hiicreleri iizerinde gen ekspresyon sonuglari
(IL-1B, TNF-a ve CAS-3) degerlendirildi. Elde edilen verilere
gbre tim pro-enflamatuar gen ekspresyon duzeylerinin LPS
uyarimi ile up regiile edildigi izlendi. Costa ve ark. (2011)
tarafindan yapilan ¢alismada ise IL-6 ekspresyon sonuglarimizi
yansitan bulgu ile benzerdir. Pro-enflamatuar gen ekspresyon
seviyelerindeki up veya down regulasyon duzeyleri LPS
konsantrasyon farklari, uygulama siiresi, kullanilan hiicre hatti
farklilig1 gibi bircok faktor ile etkilenmekte ve calismalar
arasindaki farkliliklarin bunlardan kaynaklandig1
diistintilmektedir.

Insan ve hayvanlarin bakteriyel enfeksiyonlarmi tedavi
etmek i¢in etkinlige sahip fitoterapdtikler yiizyillar boyunca
kullanilmaktadir (Silva ve Fernandes-Junior, 2010). Son
zamanlarda su iriinleri yetistiriciliginde major patojenlere karsi
verilen savaglarda in vitro birgok test uygulanmis ve ¢oziim
arayisina gidilmistir (Ostrand ve ark., 2012; Albert ve
Ransangan, 2013; Xue-Gang ve ark. 2013). Ayrica, bazi in vivo
testler, cesitli balik hastaliklarinin tedavisi ve geri kazanilmasi
ile ilgili olumlu etkiler gostermistir (Abd EIl-Galil ve
Aboelhadid, 2012; Schelkle ve ark., 2013). Ayn1 anda birkag
hedefi etkileyen etki tarzlar1 nedeniyle bakteriyel direng
gelisimine daha az egilimli olmalar1 sebebiyle su iiriinlerinde
kullanilan mevcut antimikrobiyallerin, bitkisel {irtinlerle
degistirilmesi 6nem arz etmektedir (Bakkali ve ark., 2008;
Kulkarni ve ark., 2013). Dogal bitki 6zleri igerdikleri biyoaktif
Ozler ve dogal bilesikler ile antimikrobiyal, antioksidan ve
antienflamatuar gibi bir¢ok etkinlige sahiptir. Bu ¢alismada
Escin’in LPS enfeksiyonu sonucu antiinflamatuar etkinligi
incelenmistir. Mueller ve ark. (2010) bitki ekstraktlarmin
proliferatif veya antienflamatuvar aktivitesini belirlemek icin
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LPS ile uyarilmis makrofaj hiicrelerini kullanmuslardir. 0.5
mg/mL  konsantrasyonda kekigin (Origanum onites) IL-6
ekspresyon seviyelerini rediise ettigini, 0.2 mg/mL kekigin ise
IL-10 ekspresyon seviyelerini arttirdigini raporlamislardir.

5. SONUG

Bakteriyel  etkenlerin  neden  oldugu  firsatgi
enfeksiyonlar, kiiltiir balik¢iliginda yaygin olup birincil veya
ikincil kaynakli olabilir. Bununla birlikte, bu genellikle konak
canli bagisiklik sisteminin etkinliginin azalmasma neden olan
olumsuz gevresel kosullarina maruz kaldiginda ortaya ¢ikar ve
bu durum parazit istilasi, zayif beslenme, stresten kaynaklaniyor
olabilir. Sonug itibariyle balik iiretim ¢iftliklerinde herhangi bir
olumsuzluk karsisinda konak savunmasinda gosterilen bir seri
fizyolojik yanit dizisi inflamasyonu ile ortaya ¢ikmaktadir. Bu
durum sitokin gen ekspresyon seviyelerinde erken asamalarda
goriilen degisimler kendini gdstermekte ve hastalik tanisinda
degerli bilgiler sunmaktadir.

Konak, insidensi yiiksek bir patojene maruz kaldig
zaman, terapoOtik ilag kullanimi kagmilmazdir. Bu ilaglar
dezenfektan, antibiyotik oldugu taktirde; su ve balikta rezidi,
toksisite, bakteriyel direng gibi bircok olumsuzlukta beraberinde
gelmis olacaktir. Yeni terapotikler arayisinda bitkiler, biyolojik
olarak aktif materyallerin ana kaynaklarindan biri olarak kabul
edilmektedir. Bitki 06zleri, antioksidan, antimikrobiyal ve
antienflamatuvar etkinlikleri nedeniyle balik hastaliklarim
kontrol etmede 6nemli 6zelliklere sahiptir. Bu nedenle medikal
bitki kullanim1 balik saglhigi yonetiminde antibiyotiklere
alternatif bir tedavi yontemi olarak degerlendirilmektedir.

Bu calismada, bakteri endotoksini olarak bilinen LPS ile
enfekte edilmis gokkusagi alabalik gonad hiicreleri (RTG-2)
tizerinde dogal antioksidan ve inflamasyon (yangi) giderici
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Ozelligi bulunan Escinin anti-proliferatif ve anti-enflamatuvar
etkinlikleri pro-enflamatuvar sitokinlerin (IL-1p, TNF-ave CAS-
3) gen ekspresyon degisimleri izlenerek c¢aligilmistir. Hiicre
canliligi analizleriyle LPS’in meydana getirdigi hiicre
kayiplarmimn Escinin iyilestirici etkileri tespit edilmistir.

Son yillarda, tiim diinyada balik iiretim c¢iftliklerinin
tesvikiyle yetistiricilik tesvik edilmistir. Uretim zincirinde, kisa
bir siire i¢inde ve daha diisiik maliyetle maksimum {iretkenlik
talebi, Uriiniin saglik durumunu dogrudan veya dolayli olarak
etkileyen bazi engellere yol agmaktadir. Yiiksek stoklama
yogunlugu, yetersiz beslenme kalitesi, su ortaminin kalitesizligi
ve biyolojik gilivenlik Onlemlerinin eksikligi, yetistiricilikte,
ozellikle balik yetistiriciliginde goriilen baglica problemler
arasindadir, ¢iinkii bu kosullar, konakta patojen yayilmasmi ve /
veya immiinosupresyonunu kolaylastirmaktadir.

Aragtirmacilar, kiiltiir balikgiligindaki saglik sorunlarina
¢oziim bulma konusunda tesvik edici  c¢alismalarim
stirdiirmektedir. Balik hastaliklarin1 kontrol etme ve oOnleme
coziimleri arasinda as1 olarak profilaktik ajanlarin gelistirilmesi
ve immiinostimiilan diyetlerin gelistirilmesi yer alir. Bununla
birlikte, patojenlerin neden oldugu Oliim salgnlarmi kontrol
etmek icin, en azindan konaktaki patojenlerin insidensini
azaltmak amaciyla, iiretimin bir asamasinda terapdtik bir tirlin
kullanilmasi zorunlu hale gelmistir. Bu terapotik maddeler son
aragtirmalarla bitkisel kaynaklardan saglanmaktadir. Uzun
yillardir halk sagligi acisindan degerli olan bircok bitki 6zii
icerdigi etken maddelerle bir¢cok hastalik durumlarini tolere
edebilmekte  hatta etkili tedavi yontemleri  olarakta
kullanilmaktadir.  Bu  durum  balik  yetistiriciligi  ile
ugrasanlarinda dikkatini ¢ekmis antibiyotik dezenfektan gibi
kimyevi maddelerin yan etkilerini elemine etmek igin alternatif
bir tedavi olarak degerlendirilmistir. Ancak bitkisel {irlin
cesitlerinin, metodolojilerin ve hedef patojenlerin gesitliligi goz
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online alindiginda, calismalar arasindaki karsilastirmalarin
karmagikligi gbéze c¢arpmaktadir. Bu karmasiklik benzer
kosullara sahip caligmalarin daha fazla tesvik edilmesi ile
indirgenebilir. Ayrica bitkisel kokenli ¢aligmalarin kronik ve
akut toksisite, hedef ve hedef olmayan organizmalar Uzerine
etkileri, cevre tlizerine olan etkileri, balik yetistiriciliginde
antioksidan ve anti-enflamatuvar etkinlikleri gibi daha ileriki
calismalara ihtiyag duyulmaktadir. Bunun yaninda ¢aligmalarin
in vitro ve in vivo olarak karsilastirilmali yapilmasi bir diger
onemli konularin basinda gelmektedir. Ciinkii etkinlik
konusundaki ¢ogu calisma, in vitro testlere dayanmaktadir. Bu
nedenle, mevcut tedavilerin degistirilmesini saglamak i¢in daha
pratik ve ekonomik ¢aligmalara ihtiyac vardir ve tedarik zinciri,
sanayi ve arastirmacilar arasindaki ortak c¢alismalar da ¢ok
Onemlidir.
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