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The aim of this study was to investigate the response of different doses of lipopolysaccharide 

(LPS) and extracellular product (ECP) antigens (25, 50, 100, 250, and 500 µg) obtained from Flavobacte-
rium psychrophilum to changes in oxidative stress parameters (catalase [CAT], superoxide dismutase 
[SOD], glutathione peroxidase [GPx], glucose 6-phosphate dehydrogenase [G6PD], glutathione reductase 
[GR], and malondialdehyde [MDA]) in juvenile rainbow trout. For this purpose, 6 different doses of F. 
psychrophilum (102–106) were applied to the fish, and the lethal dose 50 % (LD50) value was determined 
as 1.33·104. Changes in MDA levels and antioxidant enzymes were determined by applying 25 % of the 
LD50 value to fish for 14 days. Accordingly, while F. psychrophilum increased GR, G6PD, GPx, and 
SOD activity, it decreased MDA levels and CAT activity. Initially, 25, 50, 100, 250, and 500 µg doses of 
ECP and LPS were applied to the fish; after 21 days, a 25 % dose of LD50 was applied to these fish. Four-
teen days later, the fish were taken, and the changes in MDA levels and antioxidant enzymes were exam-
ined. As a result, it was determined that while ECP and LPS application decreased GR, G6PD, GPx, and 
SOD activity, there was an increase in MDA levels and CAT activity. 
 
Keywords: Flavobacterium psychrophilum; fish; antioxidant enzymes; lipopolysaccharide;  
extracellular products 

 
 

ЕФЕКТИ НА FLAVOBACTERIUM PSYCHROPHILUM, НА НАДВОРЕШНИ ПРОИЗВОДИ  
НА FLAVOBACTERIUM PSYCHROPHILUM И НА ЛИПОПОЛИСАХАРИДНИ АНТИГЕНИ  

ВРЗ АНТИОКСИДАЦИСКАТА СИСТЕМСКА АКТИВНОСТ КАЈ ПОДМЛАДОК  
НА КАЛИФОРНИСКА ПАСТРМКА (ONCORHYNCHUS MYKISS) 

 
Целта на оваа студија е да се испита одговорот на различни дози на антигени (25, 50, 100, 

250 и 500 µg) од липополисахариди (LPS) и екстрацелурани производи (ECP) добиени од Flavo-
bacterium psychrophilum на промените на оксидативните параметри на стрес (каталаза [CAT], 
супероксидна дизмутаза [SOD], глутатион-пероксидаза [GPx], глукоза 6-фосфатна дехидрогеназа 
[G6PD], глутатион-редуктаза [GR] и малондиалдехид [MDA]) кај подмладокот на калифорниска 
пастрмка. За таа цел беа применети шест различни дози на F. psychrophilum (102–106) и беше 
определено дека вредноста на смртоносната доза од 50 % (LD50) изнесува 1,33·104. Промените во 
нивоата на MDA и оксидациските ензими беа определени со примена на 25 % од вредноста на 
LD50 на рибите во времетраење од 14 дена. Следствено, додека F. psychrophilum ја зголеми 
активноста на GR, G6PD, GPx и на SOD, ги намали нивоата на MDA и активноста на CAT. Во 
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почетокот на рибите им беа дадени дози од 25, 50, 100, 250 и 500 µg од ECP и LPS; по 21 ден им 
беше дадена доза од 25 % од LD50. По 14 дена рибите беа земени, им беа измерени промените во 
нивоата на MDA и беа испитани антиоксидациските ензими. Како резултат на тоа беше одредено 
дека примената на ECP и LPS ја намалува активноста на GR, G6PD, GPx и на SOD, додека имаше 
зголемување на нивоата на MDA и активноста на CAT. 
 
Клучни зборови: Flavobacterium psychrophilum; риби; антиоксидациски ензими;  
липополисахарид; екстрацелуларни производи 
 
 

1. INTRODUCTION 
 

Flavobacterium psychrophilum, which caus-
es bacterial coldwater disease (CWD) and/or rain-
bow trout fry syndrome (RTFS), is a Gram-
negative bacterium that causes acute septicemia in 
salmonids and many other species. This pathogen 
often causes large economic losses associated with 
mortality and spinal deformities and is considered 
one of the most significant pathogens in freshwater 
salmonid aquaculture worldwide.1 

The bacterial effect occurs at water tempera-
tures below 16 ºC and most commonly acts at 10 
ºC and below. Although fish of all ages are affect-
ed, small fish (fry and finger size) are particularly 
vulnerable to infections. CWD produces character-
istic open lesions on the outer body surfaces of the 
fish. These lesions may appear as areas of rough 
skin or fin tip abrasions. As the infection contin-
ues, necrosis develops in the bacterial colonization 
areas, which are usually referred to as dorsal and 
adipose fin pathology. Lesion development has a 
preference for the caudal peduncle and caudal fin 
regions. Along with external pathology, systemic 
bacterial infections and extensive internal patholo-
gy will be present among many examples. As the 
disease form becomes more acute, external lesions 
will be less common and systemic infections and 
internal pathology will become predominant.2 

Although CWD and RTFS are common all 
over the world, especially in freshwater salmonid 
cultivation, there is currently no commercial vac-
cine for this bacterium.3 Vaccination is an im-
portant process to protect fish from infections. In-
activated bacteria applications are widely used as 
vaccines against bacterial fish diseases; however, 
the effect of antigens decreases during the inactiva-
tion of bacteria.4 Although inactivated live or dead 
vaccines were developed against F. psychrophi-
lum, it was found that the protection period was 
insufficient.5–7  

In Gram-negative bacteria, the cell is sur-
rounded by a double-layer membrane, and the out-
er membrane consists of phospholipids, lipopoly-
saccharides (LPS), lipoproteins, and integral outer 
membrane proteins, all synthesized in the cyto-

plasm.8 LPS or lipoglycans are large molecules 
containing a covalently-bound lipid and a polysac-
charide. They are found on the outer membrane of 
Gram-negative bacteria. They act as endotoxins 
that create a strong immune response in animals. 
LPS antigens are the main component of bacteria's 
outer membrane, and they protect bacteria from 
chemical attack. In addition, it provides a general 
stabilization by helping the cell membrane be 
negatively charged.9 LPS consist of a lipid segment 
called lipid A and a polysaccharide chain; lipid A is 
responsible for its toxic effect. The polysaccharide 
group varies widely among different bacteria. Alt-
hough the molecular weight of endotoxins is about 
10 kDa, they can form clumps up to 1,000 kDa. Af-
ter exposure to endotoxins, it creates antibodies 
against it in humans, but they do not provide protec-
tion against other endotoxins because the endotoxin 
is directed to the polysaccharide chain.10 LPS found 
in bacteria are responsible for antigenic structures 
and have important effects on the development of 
the immune system and, therefore, constitute the 
basis for vaccine development studies.11 

Extracellular products (ECPs) are metabo-
lites released into the environment by pathogens 
during growth and reproduction. ECPs play an im-
portant role in the invasion of pathogens into host 
cells, absorption of nutrition, widespread dissemi-
nation, replication in the host, and action against 
the host immune system. Some of these proteins 
have good immunogenicity, can induce host im-
mune response, and are effective protective anti-
gens.12 Although vaccines against bacterial diseas-
es are needed in aquaculture, only a few commer-
cial vaccines are available. In particular, typical 
components of commercial vaccines to protect fish 
against bacterial diseases are either killed bacterial 
whole cells or ECPs.13 

The aim of this study was to: (I) examine the 
changes in the antioxidant enzyme (catalase 
[CAT], superoxide dismutase [SOD], glutathione 
peroxidase [GPx], glucose 6-phosphate dehydro-
genase [G6PD], glutathione reductase [GR]) and 
malondialdehyde (MDA) levels of the juvenile 
trout treated with F. psychrophilum and (II) exam-
ine the changes in antioxidant enzymes of rainbow 
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trout with different doses of LPS and ECP antigens 
(25, 50, 100, 250, and 500 µg) obtained from F. 
psychrophilum. 

 
 

2. EXPERIMENTAL 
 

2.1. Bacterial strain and growth conditions 
 

In this study, virulent bacteria isolates ob-
tained after bacteriological screening in fish pro-
duction and aquaculture facilities in the Eastern 
Anatolia Region in 2004 were used.14 Using poly-
merase chain reaction (PCR), these isolates were 
determined to be F. psychrophilum. 

For the production of F. psychrophilum, 
tryptone yeast extract salts (TYES) agar was pre-
pared as reported by Holt et al.15 The medium was 
heated to dissolve and autoclaved at 121 ºC for 15 
minutes. After cooling, it was poured into petri 
dishes in 15–17 ml. 

Before obtaining the antigenic structures of 
F. psychrophilum, some morphological and bio-
chemical characteristics of the agent were redeter-
mined using Holt et al.16 methods, in order to de-
termine whether the bacterium was exposed to any 
contamination. In the study, a strain obtained from 
abroad was used as a positive control. The bacteria 
were planted on TYES agar and incubated for 5–10 
days at 15 ºC. Yellow-colored colonies were se-
lected, subcultured on TYES agar, and incubated at 
15 ºC for 5–10 days. 

 
2.2. Fish 

 
The juvenile rainbow trout (Oncorhynchus 

mykiss) (approximately 1 g), which is the material 
of the study, was obtained from a commercial en-
terprise. The fish were brought to the Bingöl Uni-
versity Faculty of Agriculture Aquaculture Labora-
tory, placed in 60 l aquariums prepared previously, 
and adapted for 21 days. The average physico-
chemical properties of the water used in the study 
are as follows: temperature 13 ± 2 °C, dissolved 
oxygen 8.02 ± 0.5 mg/l, pH 7.3 ± 0.4, alkalinity 
128 ± 7 mg/l, and total hardness 141 ± 23 mg/l. 
Fish were fed ad libitum with a commercial feed. 

Before starting the study, bacteriological ex-
aminations were made from fish collected by ran-
dom sampling, and it was determined whether the 
fish carried a pathogenic agent or not. Throughout 
the entire study, the fish were fed with a commer-
cial trout feed twice a day, in the morning and 
evening, until they were full. The patient was fast-
ed the day before vaccination studies and exposure 
with live bacteria. 

2.3. Lethal dose determination 
 

The lethal dose of F. psychrophilum bacteria 
used in the study was determined using the Reed 
and Muench method.17 For this, 102–106 cells/ml 
live bacteria diluted with phosphate-buffered saline 
(PBS) was applied to 60 fish in each group (20 fish 
in each tank, 3 replicates) as a bath for 2 hours. 
Sterile PBS was added to the water of control fish. 
The deaths were recorded by checking fishes twice 
a day for 14 days. Colonies grown by planting on 
TYES agar were examined for F. psychrophilum 
from the dead fish. Samples isolated from internal 
organs of fish were considered to have originated 
from this bacteria. The lethal dose was calculated 
by Probit analysis with the SPSS 23.0 (Chicago, 
IL) statistical program. 

 
2.4. Preparation of ECPs 

 
In the preparation of ECPs, the cellophane film 

(gel drying, Sigma) technique reported by Liu was 
used.18 A colony of F. psychrophilum bacteria, incu-
bated at 15 ºC for 5–10 days in TYES agar, was 
transferred to tubes containing 5 ml of TYES broth. 
After the tubes were left to grow in the oven at 15 ºC 
for 5 days, 0.2 ml of this culture was taken and 
spread on TYES agar covered with sterile cellophane 
film with a Drigalski spatula. Petri dishes were incu-
bated at 15 ºC for 5 days, and after incubation, bacte-
rial cells were collected by washing with a small 
amount of cold PBS (pH 7.2). The cell suspension 
was centrifuged at 13,500 × G for 20 minutes at 4 ºC, 
then passed through a 0.45 µm membrane filter (Mil-
lipore) with the aid of a vacuum pump. Formalin was 
added to the obtained ECPs in a final concentration 
of 1 % and kept in the refrigerator at +4 ºC for one 
night; the samples taken from here were passed to 
TYES agar for sterility control. After the cultures 
were placed in an oven at 15 ºC and observed for 5–
10 days, samples without any growth were stored in a 
refrigerator at 4 ºC until use. 

 
2.5. Preparation of LPS 

 
LPS antigen was made as reported by Swain 

et al.19 Bacteria were incubated in TYES agar for 5–
10 days at 15 ºC, and the bacteria weighing approx-
imately 5 g were homogenized in 5 ml of distilled 
water then mixed in a water bath at 68 ºC. After 
adding an equal amount of 88 % phenol, preheated 
at 68 ºC, and mixing rapidly for 10 minutes, the 
mixture was cooled to 10 ºC. The supernatant was 
dialyzed against distilled water for 48 hours by cen-
trifuging at 3,000 × G for 30 minutes. The obtained 
LPS molecule was adjusted to the appropriate con-
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centration with polyethylene glycol (PEG-6000) and 
stored in a deep freezer at –20 ºC until use. 

 
2.6. Protein level of antigen preparations 

 
The protein level of ECP and LPS prepara-

tions were made as reported by Lowry et al.20 Af-
ter 1 ml of sample and 1 ml of alkaline copper rea-
gent were placed in a glass test tube, the tubes 
were mixed thoroughly and kept for 10 minutes, 
then 4 ml of phenol reagent was added. After mix-
ing thoroughly with vortex, the tubes were kept in 
a bain-marie at 55 ºC for 5 minutes. The tubes 
were cooled under tap water at the end of the incu-
bation period, and the absorbance of the tubes at 
650 nm was read against the blank. 

 
2.7. Application and effect of ECP and LPS  

on fish 
 

ECP and LPS were applied to groups divided 
into 50 juvenile fish (50 × 3 repeats: 150 fish) at 25, 
50, 100, 250, and 500 µg as an immersion bath for 2 
hours. To measure the resistance of the fish against 
F. psychrophilum, a 25 % lethal dose 50 % (LD50) 
dose of F. psychrophilum was applied to the fish 21 
days after the first treatment. Fourteen days after the 
25 % LD50 dose was administered, 20 fish were 
randomly taken from each group for the study. 

 
2.8. Preparation of the homogenate 

 
At the end of the experiment, the fish fry 

samples were anaesthetized in anesthetic matter 
(25 ppm, benzocaine). All fish fry samples were 
washed with physiological saline (0.9 % NaCl) and 
cut into small pieces using a scalpel. The fry sam-
ples were suspended in a 50 mM KH2PO4 buffer 
(pH 7.4) and were homogenized by liquid nitrogen. 
The homogenate was centrifuged at 27,000 × G for 
60 min. The supernatant, existing in the upper sec-
tion, was carefully taken with a dropper. Following 
this, the precipitated part was removed. The super-
natant was used to determine enzyme activity.21 

 
2.9. Determination of lipid peroxidation  

and enzyme activities 
 

The levels of MDA, as indices of the LPO in 
all tissues, were measured using the thiobarbituric 
acid reactions according to the method of Placer et 
al.22 G6PD activity was measured at 37 ºC and 340 
nm, in accordance with the Beutler method.21 This 
method is based on the fact that reduced nicotina-
mide adenine dinucleotide phosphate (NADPH), 
which is formed as a result of reducing NADP+. 

GR activity was measured at 25 ºC by the modified 
method of Carlberg and Mannervik.23 SOD was 
assayed by the method of Sun et al.24 at 560 nm 
and 20 ºC. CAT activity was determined by meas-
uring the decomposition of hydrogen peroxide at 
20 ºC and 240 nm, according to the method of 
Aebi.25 GPx was determined according to the 
method of Beutler26 by following the rate of 
NADPH oxidation at 340 nm. 

 
2.10. Statistical analysis 

 
Data were expressed as the mean ± standard 

error. The data were subjected to one-way Analysis 
of variance (ANOVA), and Duncan’s test was used 
to determine the statistical significance between the 
control and experimental groups using the SPSS 23.0 
(Chicago, IL) computer program. A p value less 
than 0.05 was considered statistically significant. 

 
 
3. RESULTS AND DISCUSSION 

 
In aquatic animals, many chemicals and mi-

croorganisms can cause an imbalance between the 
production of reactive oxygen species and their 
removal, resulting in oxidative stress. Oxidative 
stress is one of the most important factors that ex-
acerbate the damage caused by some drugs, pesti-
cides, and other environmental chemicals. It has 
been suggested that toxicity biomarkers, such as 
MDA, reflect the oxidative status of the species. 
MDA is used as a marker for the oxidation of 
membrane phospholipids through lipid peroxida-
tion.27–34 The antioxidant defense system consists 
of antioxidant enzymes, such as SOD, CAT, GPx, 
and GR, and low molecular weight antioxidants, 
such as reduced glutathione, vitamin A, vitamin C, 
and vitamin E. Antioxidant levels can be used as 
an indicator of the antioxidant status of the organ-
ism and can act as biomarkers of oxidative stress. 
When antioxidant defenses are broken or exceed-
ed, oxidative stress can cause DNA damage, en-
zymatic inactivation, and peroxidation of cell 
components, especially lipid peroxidation.27–30 

The aim of this study was to: (I) examine the 
changes in the antioxidant enzymes of the juvenile 
trout treated with F. psychrophilum and (II) inves-
tigate different doses of LPS and ECP antigens 
(25, 50, 100, 250, and 500 µg) obtained from F. 
psychrophilum to examine the changes in antioxi-
dant enzymes caused by rainbow trout. At the end 
of 14 days, the LD50 value of the bacteria was de-
termined as 1.33·104. A 25 % (3.33·103) LD50 dose 
was applied to the fish on the 21st day following 
the administration of the antigens. Fish were fol-
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lowed for 14 days, and the study was conducted by 
taking 20 fish from each group at the end of the 
period. As a result of the study, it was observed 
that, in general, the bacteria applied to the juvenile 
fish disrupted the oxidant/antioxidant balance, but 
when the amount of LPS and ECPs applied before 

was increased, it started to rearrange the oxi-
dant/antioxidant balance, which was damaged. Un-
like these, it was observed that applying LPS and 
ECPs did not have a statistically (p < 0.05) signifi-
cant effect on GPx and GR activity, respectively 
(Tables 1 and 2).  

 
 

  T a b l e  1  
 

Changes in antioxidant parameters in rainbow trout fry treated  
with Flavobacterium psychrophilum and extracellular products (ECPs) antigens 

 

 Control %25 LD50 F. 
psychrophilum 

%25 LD50 F. 
psychrophilum 
+ 25 µg ECP 

%25 LD50 F. 
psychrophilum 
+ 50 µg ECP 

%25 LD50 F. 
psychrophilum 
+ 100 µg ECP 

%25 LD50 F. 
psychrophilum 
+ 250 µg ECP 

%25 LD50 F. 
psychrophilum 
+ 500 µg ECP 

MDA 346.21±5.23a 251.73±5.01b 250.61±4.46b 254.07±4.77b 261.26±3.97b 297.37±5.71c 321.96±4.53d 
GR 7.84±1.97a 11.91±2.68b 11.53±1.23b 12.40±2.34b 11.46±2.02b 10.92±1.12b 11.04±1.41b 
G6PD 3.36±0.96a 8.64±1.07b 6.23±1.89c 5.53±2.01c 6.01±1.38c 5.19±0.83c 5.21±1.01c 
GPx 121±4.56a 176.05±5.14b 163.93±6.82b 170.10±5.41b 149.74±4.72c 145.28±4.98c 140.71±5.28c 
SOD 222.73±13.26a 271.35±16.66b 278.09±11.89b 269.21±11.76b 255.46±12.38c 224.01±11.94a 249.49±11.42c 
CAT 16.43±2.55a 12.38±2.96b 12.51±3.85b 11.58±2.01b 14.64±1.99c 15.99±2.50a 14.11±2.33c 

     a, b, c, d in the same row indicate significant differences in the same group (p < 0.05). 
   Each value is the mean ± standard error (n = 50). 
   MDA: malondialdehyde (nmol/mg protein); GR: glutathione reductase (EU/mg protein); G6PD: glucose 6-phosphate  
   dehydrogenase; GPx: glutathione peroxidase activity (EU/mg protein); SOD: superoxide dismutase (EU/mg protein);  
   CAT: catalase activity (EU/mg protein). (EU: Enzyme unit) 
 
 

   T a b l e  2  
 

Changes in antioxidant parameters in rainbow trout fry treated with Flavobacterium psychrophilum  
and lipopolysaccharides (LPS) antigen 

 

 Control %25 LD50 F. 
psychrophilum 

%25 LD50 F. 
psychrophilum 
+ 25 µg LPS 

%25 LD50 F. 
psychrophilum 
+ 50 µg LPS 

%25 LD50 F. 
psychrophilum 
+ 100 µg LPS 

%25 LD50 F. 
psychrophilum 
+ 250 µg LPS 

%25 LD50 F. 
psychrophilum 
+ 500 µg LPS 

MDA 203.87±22.64a 156.74±14.63b 150.93±11.03b 174.17±11.98c 187.59±13.87c 185.40±15.77c 193.21±14.23a,c 
GR 10.03±2.63a 14.11±3.83b 14.63±3.79b 15.64±3.14b 13.56±3.84b,c 12.67±3.29a,c 11.16±2.99a,c 
G6PD 1.01±0.04a 5.16±1.01b 5.12±1.12b 4.64±1.23b 3.71±1.13b,c 3.07±1.13c 2.92±0.74c 
GPx 214.84±12.09a 247.29±13.93b 256.37±15.74b 250.27±14.11b 255.90±13.92b 253.22±14.68b 249.44±15.08b 
SOD 176.29±8.11a 195.27±11.43b 197.98±11.90b 196.75±10.66b 189.74±10.18b,c 186.72±10.04c 181.55±9.46c 
CAT 23.80±3.59a 16.84±2.03b 17.01±2.82b 18.03±2.12b,c 18.25±2.93b,c 19.53±3.07c 20.91±3.26c 

        a, b, c In the same row indicate significant differences in the same group (p < 0.05). 
     Each value is the mean ± standard error (n = 50). 
     MDA: malondialdehyde (nmol/mg protein); GR: glutathione reductase (EU/mg protein);  
     G6PD: glucose 6-phosphate dehydrogenase; GPx: glutathione peroxidase activity (EU/mg protein);  
     SOD: superoxide dismutase (EU/mg protein); CAT: catalase activity (EU/mg protein). (EU: Enzyme unit) 
 
 

Fish exposed to vaccination exhibit a variety 
of physiological responses, including oxidative 
metabolism imbalances. Changes in oxidative 
stress biomarkers may indicate a compensatory 
response of the fish to vaccination. The differences 
observed in oxidative stress biomarkers obtained in 
this study may reflect differences in the antioxidant 
mechanisms of the vaccinated fish, exposure time, 
and the tested vaccine. Previous studies have 
shown that oxidative stress indices in fish can vary 

depending on the immunization time and the eval-
uated tissue. For example, Tkachenko et al.32 used 
a vaccine produced from Aeromonas salmonicida 
and Aeromonas hydrophila bacteria, which are in-
activated against furunculosis disease in rainbow 
trout. In this study, they investigated the effects of 
vaccination against furunculosis in trout muscle, 
gill, liver, and brain tissues on MDA levels and 
antioxidant defense systems (SOD, CAT, GR, and 
GPx). They applied the vaccination process be-
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tween 60 and 120 seconds. As a result of the study, 
they found that the exposure of trout to the vaccine 
against furunculosis showed positive changes (in-
crease or decrease) in the MDA level and antioxi-
dant enzyme activities. It was determined that the 
inoculated trout showed a higher rate of change in 
antioxidant enzyme activities in the liver compared 
to other tissues. In addition, it was determined that 
vaccination against furunculosis triggers lipid pe-
roxidation in gill, brain, and liver tissues. 

In another study conducted with Yersinia 
ruckeri bacteria, changes in the antioxidant defense 
system created by the vaccine against this bacte-
rium during 30 and 60 days in the muscle tissue of 
trout were examined. In the study, there was no 
significant difference in lipid peroxidation levels at 
the end of the first and second month after vaccina-
tion, while a significant decrease was found in 
GPx, GR, and CAT activity. In addition, it was 
determined that there was a significant increase in 
SOD activity after 30 days but a decrease after 60 
days. As a result, it has been found that the Yer-
sinia vaccine is partially responsible for the induc-
tion of increased protective immunity against Y. 
ruckeri infection33 Tkachenko et al.34 administered 
a vaccine against Y. ruckeri for trout in their study 
and examined the changes in lipid peroxidation 
level and SOD, CAT, GR, and GPx activities in 
fish gill, heart, and liver tissues four weeks after 
the administration of the vaccine. As a result of the 
study, they determined that each tissue shows its 
own specific oxidative stress response. They de-
termined that the gill tissue was the tissue most 
susceptible to oxidative damage. Lipid peroxida-
tion changes in heart and liver tissue were not 
found to be significant when compared with the 
control group, while the increase in gill tissue was 
statistically significant (p < 0.05). However, the 
increase in GPx activity in gill tissue, the decrease 
in SOD activity in liver tissue, and the increase in 
SOD activity in heart tissue were found to be sta-
tistically significant (p < 0.05). 

 
 

4. CONCLUSION 
 

Although it has been observed that ECPs 
and LPS have a positive effect on MDA levels and 
antioxidant enzyme activities, this may vary de-
pending on time and dose. The changes caused by 
the study in fish metabolism should be examined in 
more detail in many metabolic parameters in future 
studies. In addition, it should be investigated 
whether the vaccine to be obtained based on ECPs 
and LPS can be used as a commercial vaccine 
against F. psychrophilum bacteria. 
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