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Abstract 
 

In this study, the antioxidant effects and the free radical scavenging capacity of 
quercetin were investigated in IPNV-infected Rainbow Trout Gonad-2 (RTG-2) 
continuous cell culture. For this purpose, four different groups were formed (Control, 
IPNV, Quercetin, IPNV+Quercetin). Malondialdehyde (MDA), Total Antioxidant Status 
(TAS), Total Oxidant Status (TOS), Ceruloplasmin (Cp), and Glutathione Peroxidase 
(GPx) activities were measured at 0, 24, 48, 72, and 96 hours. According to the results 
of our study, there was a significant increase in TAS, TOS, and Cp results in the groups 
containing IPNV-infected cells. According to TAS and TOS measurements, there was a 
statistically significant increase both between groups and at different hours. When GPx 
results were analyzed, it was observed that there was no statistically significant change 
between the groups and between the measurement hours. When the MDA results 
were analyzed, it was observed that there was no change in the measurements made 
at different hours, while there were significant differences between the groups. It was 
observed that quercetin can minimize the damage caused by scavenging free radicals 
in the environment and thus provides an important development for fish farming and 
economy in cells infected with IPNV in the laboratory environment.  

Introduction 
 

Aquaculture is the fastest-growing animal food 
production industry. Between 2000 and 2019, global 
aquaculture production increased from 43 million tons 
to 120 million tons (FAO, 2022). It is an extraordinary 
growth, reflecting the rise in demand for seafood as a 
source of protein and the decline of wild fish stocks due 
to overfishing and environmental changes (Delgado et 
al., 2003). In Türkiye, approximately 70% of aquaculture 
farms are trout farms (TÜİK, 2023). The good climate 
and availability of a lot of freshwater resources make it 
highly conducive to trout farming. One of the first fish 
species reared in this country is the rainbow trout, still 
farmed the most today (Aydoğan et al., 2020; Korkmaz 
et al., 2008). However, with the increase in industrial 
growth and production, possible undesirable factors 

such as sudden temperature changes in culture 
conditions, poor water, and stress cause the emergence 
of infectious diseases such as Infectious Pancreatic 
Necrosis (IPN), which cause significant economic losses 
(Duran et al., 2022).  

Infectious fish diseases such as IPN not only cause 
major economic losses in the aquaculture sector but 
also lead to restrictions in international trade. Infectious 
pancreatic necrosis (IPN) is an acute, contagious, 
systemic viral disease characterized by necrosis of the 
pancreas in different fish species, which is of great 
concern in aquaculture. The causative agent can 
frequently cause mortality of up to 80-90% of stocks, 
especially in juvenile rainbow trout (Oncorhynchus 
mykiss) and post-smolt Atlantic salmon (Salmo salar) 
production (Dopazo, 2020). Microscopically, lesions in 
salmonid fish occur primarily in the pancreas and 
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intestinal mucosa. In the pancreas, extensive necrosis of 
acinar and islet cells of Langerhans and intracytoplasmic 
inclusion bodies are observed (Erer, 2002; Roberts, 
2001; Santi et al., 2004). These tissue damages caused 
by the virus in the body lead to the emergence of oxygen 
derived free radicals that have harmful effects on cell 
function (Mittal et al., 2014). These free radicals are 
physiological products of aerobic metabolism. However, 
their uncontrollable growth causes oxidation of 
biomolecules and disrupts their structure. The unpaired 
electrons in free radicals take electrons from the stable 
compound to become stable, stabilizing itself and 
making the compound whose electrons are removed 
into a free radical state (Kükürt et al., 2021). Oxidative 
stress is caused by an imbalance between oxidants and 
antioxidants (Akpınar et al., 2024). Cell membranes and 
organelles are damaged as a result of oxidative stress 
and impaired antioxidant defense mechanisms (Kükürt 
& Karapehlivan, 2022). The interaction initiated by free 
radicals continues until it is stopped by antioxidants. For 
this reason, the organism has developed an antioxidant 
defense system (ADS) to counteract the damage of free 
radicals. Antioxidants can suppress lipid peroxidation by 
inhibiting the peroxidation chain reaction or by 
capturing reactive oxygen species (Akkuş, 1995). The 
antioxidant defense mechanisms of fish include many of 
the factors that eliminate or limit the spread of agents 
that cause damage to host tissue, prevent infection from 
occurring, or enable the body to respond to infection 
(Blazer, 1992; McDowell, 2012). ADS can prevent 
cellular damage by controlling free radical circulation. In 
some cases, free radical production exceeds the 
capacity of the ADS and this is defined as oxidative stress 
(Atabek, 2011). There are a number of antioxidant 
compounds in the cell that capture oxidants and react 
with them to neutralize them (Davies, 1986; Kappus & 
Diplock, 1992; Quintanilha, 1981). Flavonoids, which 
show antioxidant properties, show free radical 
collecting properties. Flavonoid radicals formed by the 
separation of hydrogens are stabilized by forming 
chelate rings with trace metals in the environment 
(Giorgio, 2000). In addition, flavonoids have anti-
inflammatory properties through various mechanisms 
such as inhibition of regulatory enzymes and 
transcription factors that play an important role in the 
control of mediators involved in inflammation (Maleki et 
al., 2019). Quercetin, one of the flavonoids found in 
green plants, is a very powerful antioxidant (Ergüzel, 
2006). Therefore, it is a bioactive compound widely used 
in botanical medicine and traditional Chinese medicine 
(Xu et al., 2019). Quercetin is predicted to reduce 
oxidation by directly inactivating free radicals 
(Muderrisoglu et al., 2022). Knowing the specific 
pathways quercetin and other flavonoids act through 
may contribute to the development of targeted 
therapies in the management of diseases resulting from 
oxidative stress in aquaculture. Improved diet 
formulations that include them will thus improve fish 
health and resilience, hence providing a basis for gaining 

support for aquaculture operations and productivity. 
In terms of the reliability of clinical trials, in vitro 

studies are a prerequisite for in vivo studies (De Munck 
et al., 2005). In vivo, studies are difficult to control and 
evaluate, expensive, and ethically controversial. The 
determination of the biological properties of the 
material is usually started with in vitro test methods, and 
then evaluations are continued with animal tests, which 
are more expensive and require a longer time (Schmalz 
& Arenholt-Bindslev, 2009). In this study, we aimed to 
determine the effect of quercetin on oxidative damage 
using cell culture (RTG-2) obtained from IPNV-infected 
rainbow trout cells in vitro. 
 

Materials and Methods 
 

Rainbow Trout Gonad-2 (RTG-2) continuous cell 
culture and IPNV SDF4 strains (GenBank: MH614932.1) 
in the stocks of Samsun Ondokuz Mayıs University, 
Faculty of Veterinary Medicine, Department of Virology 
were used as materials in this study. Cell cultures were 
grown with 1% penicillin-streptomycin (10.000 U/mL) 
(Gibco, Ref. No: 15140-122), sodium pyruvate (Gibco, 
Ref. No: 11360-070), nonessential amino acid (Lonza, 
NEAA), 1% L-glutamine (Gibco), 1% sodium bicarbonate 
solution (Sigma) and 10% fetal calf serum (FBS, Sigma) in 
DMEM (Dulbecco's Modified Eagle Medium, Gibco, Ref. 
No: 41965-039). Cell Counting Kit-8, Sigma-Aldrich (Cat. 
No: 96992, USA) was used to determine the cytotoxic 
dose of quercetin. The viability of 50 μmol quercetin-
treated cells was 52% after 24 hours and 50% after 48 
hours, while the viability of 100 μmol quercetin-treated 
cells was 47% after 24 hours and 49% after 48 hours 
(Yıldırım & Gümüşova, 2020) (Figure 1). In our study, 
quercetin at a dose of 50 μmol/L was administered to 
the group of IPNV-infected cells for treatment. 

In the study, control, IPNV, quercetin, 
IPNV+quercetin, IPNV+quercetin 4 different groups 
were formed for experimental purposes (Table 1.).  

In this study, malondialdehyde was analyzed by the 
method reported by Yoshioka (Yoshioka et al., 1979). In 
the thiobarbituric acid (TBA) reaction, when the lipid 
content is heated at low pH and in the presence of TBA, 
a stable red-pink color with a minimum peak at 535 nm 
is produced. The red-pink color is due to the chromogen 
formed by the combination of two TBA molecules with 
the MDA molecule. 

Ceruloplasmin in serum was measured 
spectrophotometrically by the modified Ravin method. 
Ceruloplasmin as an enzyme oxidizes phenylene 
diamine, a colorless substance, to a blue-violet colored 
product. This effect in serum was stopped by the 
addition of sodium azide at a certain time in the 
experiment and at the beginning of the experiment in 
the experimental blind and measured 
spectrophotometrically (Ravin & Harvard, 1956). 

Total oxidant status (TOS) and total antioxidant 
status (TAS) were measured spectrophotometrically 
with the rel assay diagnostic kit as recommended by Erel 
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(2005) (Erel, 2005). In the assay, oxidants present in the 
sample oxidize the ferrous ion-chelating complex to 
ferric ion. The oxidation reaction is prolonged by 
enhancer molecules, which are abundant in the reaction 
medium. The ferric ion forms a colored complex with 
chromogen in an acidic medium. The color intensity, 
which can be measured spectrophotometrically, is 
related to the total amount of oxidant molecules 
present in the sample. 

Glutathione peroxidase (GPx) test was analyzed 
with an ELISA kit according to the procedures 
(Glutathione Peroxidase Assay Kit Item No. 703102). 
Oxidized glutathione (GSSG) released after the 
reduction of GPx and hydroperoxide is recycled as 
reduced by GR and NADPH. The resulting change in 
absorbance (ΔA340) per minute was calculated (Ursini 
et al., 1985). 
 
Statistical Data Analysis Methods  
 

SPSS 25.0 program was used for statistical analysis. 
Regarding the analysis of the data; descriptive statistics 
were determined with mean and standard deviation 
values. Kruskal Wallis test analysis was performed to 
examine whether the measurements in the study were 
different according to the characteristics of the study 
groups. Friedman test was performed to determine the 
difference between the measurements made at 

different times within the group. The pairwise method 
was applied to determine the different times and p-
values less than 0.05 (P<0.05) were considered 
significant. The power level and effect size calculations 
calculated in the study were determined with G*Power 
(Version 3.1.7.). 
 

Result 
 

In the study, it was determined that group 1 MDA 
mμ/L measurements were not different at baseline, 24, 
48, 72, and 96th hours (P=0.13). Group 2 MDA mμ/L 
measurements were not different at baseline, 24, 48, 
72, and 96 hours (P=0.08). Group 3 MDA mμ/L 
measurements were found to differ according to the 
measurement hours. It was determined that the 48th 
hour measurements within the group were higher than 
the other measurement times (P=0.01). Group 4 MDA 
mμ/L measurements were not different at baseline, 24, 
48, 72, and 96 hours (P=0.13). It was determined that 
the baseline, 24, 48, 72, and 96th measurements 
performed in the study did not differ according to the 
groups (P>0.05) (Figure 2). 

In the study, it was determined that group 1 TAS 
mmol measurements were not different at baseline, 24, 
48, 72, and 96 hours (P=0.11). Group 2 TAS mmol 
measurements were not different at baseline, 24, 48, 
72, and 96 hours (P=0.42). Group 3 TAS mmol 

 

Figure 1. The viability of quercetin-treated cells (A. Control 24 hours, B. 50 μmol quercetin-treated cells for 24 hours, C. 50 μmol 
quercetin-treated cells for 48 hours, D. 100 μmol quercetin-treated cells for 24 hours, E. 100 μmol quercetin-treated cells for 48 
hours) 

 

 

 

Table 1. Experimental groups 

Group 1 Control 
Group 2 IPNV 
Group 3 Quercetin (50µmol) 
Group 4 IPNV+Quercetin (50µmol) 
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measurements were not different at baseline, 24, 48, 
72, and 96 hours (P=0.58). Group 4 TAS mmol 
measurements were not different at baseline, 24, 48, 
72, and 96 hours (P=0.63). It was determined that TAS 
mmol measurements at baseline, 24, 48, 72, and 96th 
hours differed according to the groups. It was found that 
TAS mmol measurements at baseline, 24, 48, 72, and 96 
hours were lower in group 3 than in groups 2 and 4 
(P=0.01) (Figure 3). 

In the study, it was determined that group 1 TOS 
mmol H2O2 measurements were not different at 
baseline, 24, 48, 72, and 96 hours (P=0.24). Group 2 TOS 
mmol H2O2 measurements were not different at 
baseline, 24, 48, 72, and 96 hours (P=0.17). Group 3 TOS 
Μmol H2O2 measurements were not different at 
baseline, 24, 48, 72 and 96 hours (P=0.08). Group 4 TOS 
mmol H2O2 measurements were found to be different at 
baseline, 24, 48, 72, and 96 hours (P=0.01). The reason 

 
Figure 2. Results of MDA μ /l measurements between groups and according to measurement hours.  
 
 
 

 

Figure 3. Results of TAS mmol Trolox Measurements Between Groups and According to Measurement Hours.  
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for the difference was found to be higher at 96 hours 
compared to all other hours. It was determined that TOS 
mmol H2O2 measurements at baseline, 24, 48, 72, and 
96th hours differed according to the groups. It was 
determined that TOS mmol H2O2 measurements at 
baseline, 24, 48, 72, and 96 hours were higher for groups 
3 and 2 compared to groups 1 and 4 (P=0.01) (Figure 4). 

In the study, it was determined that there was no 
statistical difference in group 1 ceruloplasmin mg/dL 
measurements at baseline, 24, 48, 72, and 96 hours 
(P=0.13). There was no statistical difference in Group 2 
and Group 3 ceruloplasmin mg/dL measurements at 
baseline, 24, 48, 72, and 96 hours (P=0.08). Group 4 
ceruloplasmin mg/dL measurements were not 
statistically different at baseline, 24, 48, 72, and 96 
hours (P=0.13). It was determined that ceruloplasmin 
mg/dL measurements at baseline, 24, 48, 72, and 96th 
hours did not differ according to the groups. It was 
determined that ceruloplasmin mg/dL measurements at 
baseline, 24, 48, 72, and 96 hours were at similar levels 
in groups 1, 2, 3, and 4 (P>0.05) (Figure 5). 

In the study, it was determined that group 1, 2, 3, 
and 4 GPx activity μm/L measurements were not 
different at baseline, 24, 48, 72, and 96th hours (P=0.05) 
(P=0,33) (P=0,38) (P=0,10). It was determined that the 
initial, 24, 48, 72, and 96th hour GPx activity μm/L 
measurements performed in the study did not differ 
according to the groups. It was determined that GPx 
activity μm/L measurements measured at baseline, 24, 
48, 72, and 96th hours were at similar levels in groups 1, 
2, 3, and 4 (P>0.05) (Figure 6). 

Discussion 
 

IPNV causes an infectious disease characterized by 
pancreatic necrosis in different fish species and is 
associated with high mortality (Wolf, 1988). In addition, 
the IPN virus has a worldwide spread and can be isolated 
from almost all European countries (Reno, 1998). The 
presence of IPNV in fish is reported from Türkiye and 
many other fish-producing countries in the world. 
Enterprises facing IPNV infection cause both serious 
economic losses and some restrictions on international 
trade (Gürçay et al., 2013). Quercetin, which is an 
important flavonoid and commonly found in foods in the 
form of aglycones or glycosides, was effective in binding 
viral proteins and showed antiviral activity in vitro. It has 
also been reported to reduce susceptibility to viral 
infection (Davis et al., 2008) by protecting from 
oxidative stress (Kumar et al., 2003). IPNV, which is very 
important for fish farming and the economy, is known 
to be an important source of infection for the fish 
industry. In this study, it was determined that quercetin, 
which is a plant-derived flavonoid, helps to terminate 
lipid peroxidation chain reactions and minimize the 
damage caused by free radicals occurring in the cell, can 
provide an important development for fish farming and 
economy, and the maximum nontoxic dose of quercetin 
is 50 μmol. Cheng et al. (2005) examined different 
quercetin concentrations (0.1, 1, 10, 25, 50, and 100 
μmol/L) in HepG2.2.15 (hepatocellular carcinoma) and 
HuH-7 cells and at different time intervals (2, 4, and 6 
days) using Cell Counting Kit-8 (CCK-8) and determined 

 
Figure 4. Results of TOS mmol H2O2 Measurements Between Groups and According to Measurement Hours.  
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that quercetin was noncytotoxic in both cells at the 
concentrations tested. Moreover, the maximum 
treatment concentration was chosen as 50 μmol/L 
(Cheng et al., 2015). In two other studies on the subject, 
it was reported that quercetin had very low toxicity and 
the half maximal (50%) cytostatic concentration (CC50) 
was more than 100 μmol/L (Kelly, 2011; Romero et al., 
2005). When the result of our study was examined, it 
was determined that it was compatible with the results 
of the studies. 

It has been reported that IPNV enters the host 
through the digestive tract, gills, and lateral lines and 
spreads through the blood to the pancreas, liver, and 
spleen (Smail & Munro, 1985). The immune system is 
the first line of defense against viral pathogens in fish 
and limits viral replication (Magnadottir, 2010). Fish 
antibodies are produced by B lymphocytes and 
neutralize virus particles by adhering to their surface, 
initiating immune system activation, and taking part in 
the proliferation and activation of lymphocytes 

 
Figure 5. Results of Ceruloplasmin mg/dl Measurements Between Groups and According to Measurement Hours. 
 
 

 

 

Figure 6. Results of GPx activity μm/l Measurements Between Groups and According to Measurement Hours. 
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(Durmaz, 2016). In addition to the immune system, fish 
also have an antioxidant defense system. Studies in both 
mammals and fish have shown that oxidative stress has 
many effects on immunity (Öğüt, 2005). In a study on 
the mechanism of viral replication in cells, the 
relationship between virus and host was examined and 
it was concluded that there is an important relationship 
between reactive oxygen species released from the host 
and viral pathogenesis. It is emphasized that O2 
production increases as an immune response in the host 
after viral infection and these oxidant molecules may be 
pathogenic molecules in the formation of viral diseases 
(Akaike et al., 1998). Phagocytosis, which constitutes the 
first step of cellular defense, is usually carried out by 
macrophages and neutrophils in fish (Ocak, 2006). 
During phagocytosis in the cell, oxidants such as H2O2 
are formed as a result of the respiratory burst. Although 
hydrogen peroxide is not a free radical, it reacts with a 
transition metal (Fe+2) to produce free radicals and can 
enter the cell through the cell membrane. It is stated 
that all of these compounds formed by the defense 
system against viruses are oxidative substances that 
damage the organism. The GPx enzyme catalyzes H2O2 
and reduces it to water and non-toxic alcohols (Biller-
Takahashi & Urbinati, 2014). 

Antioxidants play an important role in the 
treatment of viral diseases. In a study, quercetin used at 
different concentrations (0.1, 1, 10, 25, 100 μmol/L) was 
examined in hepatocellular carcinoma and HUH-7 cells 
at different time intervals and it was reported that the 
concentrations tested in both cells were noncytotoxic. It 
was also noted that quercetin reduced viral replication 
when used at concentrations of at least 10 μmol/L and 
higher. Different concentrations of quercetin were 
applied to IPNV-infected cells and it was observed that 
there was a 5% decrease in IPVN viral load after 10 
μmol/L quercetin application, 35% in cells treated with 
20 μmol/L quercetin, and 40% at 50 μmol/L (Cheng et 
al., 2015). In our study, the viability of cell cultures 
treated with 50 μmol quercetin was 5 2% at the end of 
24 hours and 50% after 48 hours, while the viability of 
cells treated with 100 μmol quercetin was 47% at the 
end of 24 hours and 49% after 48 hours. When we 
compared the virus-infected group with the quercetin-
added group in our measurement results, it was 
determined that quercetin was effective in reducing the 
oxidative effect of IPNV on the cells both within the 
group and between hours. In a study with flavonoid 
antioxidants, structure-activity relationships were 
examined and it was determined that flavonoids 
containing hydroxyl in the ortho-position were more 
effective in scavenging free oxygen radicals than 
flavonoids containing hydroxyl in the meta-position. It is 
argued that flavonoids containing a hydroxyl group in 
the ortho-position of the B ring have higher effects in 
scavenging free radicals (Zhang, 1999). In addition, it 
was determined that there was no statistical 
significance between groups and hours in GPx results. In 
MDA results, there was no significant difference 

between hours, but there were significant differences 
between groups. 

According to the TOS results, it was determined 
that there was no statistically significant difference at 0, 
24, 48, 72, and 96th hours for group 1, group 2, and 
group 3. When group 4 TOS results were analyzed, it was 
determined that there was a statistically significant 
increase in the 96th hour measurement result compared 
to the other measurement hours. In addition, according 
to the results of statistical analysis between the groups, 
group 2 and group 3 results were significantly higher 
than group 1 and group 4. According to the results of 
TAS analysis, it was determined that there was no 
statistically significant difference for group 1, group 2, 
group 3, and group 4 at 0, 24, 48, 72, and 96th hours. 
According to the results of statistical analysis between 
the groups, it was determined that the measurement 
results of group 3 were significantly lower than group 2 
and group 4. This shows that quercetin reduces 
oxidation as an antioxidant. It is thought that quercetin 
in the medium cleans oxidants and thus reduces the 
activation of TAS.  

According to the MDA results, it was determined 
that there was no statistically significant difference at 0, 
24, 48, 72, and 96th hours for group 1, group 2, and 
group 4. When the MDA results of Group 3 were 
analyzed, it was determined that there was a statistically 
significant increase in the 48th hour measurement result 
compared to the other measurement hours. According 
to the results of statistical analysis between the groups, 
there was no significant difference. According to the 
results of GPx analysis, it was determined that there was 
no statistically significant difference when 0, 24, 48, 72, 
and 96th hours were compared for group 1, group 2, 
group 3, and group 4. It was also determined that there 
was no significant difference according to the results of 
statistical analysis between the groups. According to the 
results of ceruloplasmin analysis, it was determined that 
there was no statistically significant difference when 0, 
24, 48, 72, and 96th hours were compared for group 1, 
group 2, group 3, and group 4. In addition, according to 
the results of statistical analysis between the groups, it 
was determined that there was no significant difference. 
While there was no statistical difference in GPx activity 
and ceruloplasmin levels in the virus-infected and 
quercetin groups, when we examined the differences 
between the hours, it was determined that the 
ceruloplasmin level decreased in the IPNV group 
compared to the 0th hour, while the ceruloplasmin level 
increased in the IPNV+quercetin group. The increase in 
ceruloplasmin level gives a clue about the detection of 
the disease in the cell. As a result of our ceruloplasmin 
measurement, when the control group and virus-
infected groups were compared, it was determined that 
ceruloplasmin levels increased in the IPNV and 
IPNV+quercetin groups. At the 0th hour, when we 
examined the differences between the groups, it was 
observed that the ceruloplasmin level of the 
IPNV+quercetin group increased more than the IPNV 
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group. We think that the reason for this increase is due 
to the antioxidant properties of quercetin. In a study by 
Wang et al. (2020) on the effects of quercetin on 
immunity, antioxidant indices, and disease resistance, 
zebrafish with an average weight of 1.0 ± 0.01 g were 
exposed to 0.01, 0.1, 1, 10, 100, and 1000 μg/L quercetin 
for 8 weeks, while control fish were exposed to only 
0.01% DMSO. MDA contents were significantly lower at 
1 and 10 μg/L quercetin exposure levels than in the 
quercetin-free group. However, no significant difference 
was observed in the other groups. The 10 μg/L quercetin 
groups showed significantly higher GPX activities than 
the quercetin-free group and 1000 μg/L groups (Wang 
et al., 2020). This showed that quercetin has a significant 
antioxidant effect. This effect may be due to the fact 
that this substance contains phenolic compounds. It has 
been reported that quercetin is a polyphenolic flavonoid 
compound, a free radical scavenger, and a powerful 
antioxidant (Rice-Evans et al., 1996). González-Esquivel 
et al. (2015), investigated the effect of quercetin on 
oxidative stress in the liver and kidney caused by 
titanium dioxide (TiO2) nanoparticles in rats and 
reported that quercetin loaded with titanium dioxide 
(TiO2) reduced MDA in liver and kidney and had a 
protective effect by increasing glutathione reductase 
levels (González-Esquivel et al., 2015). Robaszkiewicz et 
al. (2007) conducted in vitro cell studies and found that 
quercetin reduced ROS production in cells. They found 
that low concentrations of quercetin increased total 
antioxidant capacity after 6 hours of incubation, while 
high concentrations decreased both thiol content and 
TAS of cells. In cells incubated up to 6 hours with 
quercetin, no increase in glutathione S-transferase 
activity was detected, while a decrease in the activity of 
these enzymes was observed for high quercetin 
concentrations (Robaszkiewicz et al., 2007). It was 
observed that similar data were obtained with the 
results of this study and our study results and it was 
determined that our study results were compatible with 
the literature data. 

 

Conclusion 
 

In cells infected with IPNV in the laboratory 
environment, it has been observed that quercetin, a 
plant-derived flavonoid, can minimize the damage 
caused by scavenging free radicals in the environment 
and thus provides an important development for fish 
farming and economy. We also believe that in vitro 
studies can be a model for in vivo studies to evaluate 
systemically. We think that our study will contribute to 
new studies to be carried out for the prevention and 
treatment of viral diseases that are important in the 
aquaculture industry.    
 

Ethical Statement 
 

Not applicable.   
 

Funding Information 
 

This study was produced from a master's thesis 
which is conducted at Ondokuz Mayis University, Health 
Science Graduate School. This study was supported by 
Ondokuz Mayis University Scientific Research Projects 
Commission with project number PYO. VET. 
1904.17.023.    

 

Author Contribution 
 

First Author: Conceptualization, Writing, 
Investigation, Second Author: Supervision, Writing - 
review and editing, Data Curation, Formal Analysis   
 

Conflict of Interest 
 

The author(s) declare that they have no known 
competing financial or non-financial, professional, or 
personal conflicts that could have appeared to influence 
the work reported in this paper.   
 

 
 
Acknowledgements 
 

We would especially like to thank Şermin Önkol for 
her contributions. 
 

References 
 
Akaike, T., Suga, M., & Maeda, H. (1998). Free radicals in viral 

pathogenesis: molecular mechanisms involving 
superoxide and NO. Proceedings of the Society for 
Experimental Biology and Medicine, 217(1), 64–73. 

Akkuş, İ. (1995). Serbest radikaller ve fizyopatolojik etkileri. 
Mimoza Yayınları, Konya, 1, 57–63. 

Akpınar, R. K., Kılıçoğlu, Y., Şahin, B., Çenesiz, S., Kadı, H., & 
Çitil, M. (2024). Molecular detection of Chlamydia 
abortus and investigation of oxidative stress parameters 
in sheep fetuses in the Black Sea Region of Türkiye. 
Comparative Clinical Pathology, 33(1), 47–54. 
https://doi.org/10.1007/s00580-023-03520-y 

Atabek, H. (2011). Exercise and Oxidative Stress: The Effects of 
Resistance Exercise: Review. Turkiye Klinikleri J Sports 
Sci, 3(2), 92–100. 

Aydoğan, M., Uysal, O., Candemir, S., Terzi, Y. E., Taşçı, R., 
Beşen, T., Öztürk, F. P., Emre, M., Eralp, Ö., & Gündüz, O. 
(2020). Türkiye ‘de Alabalık Yetiştiriciliği Yapan 
İşletmelerin Ekonomik Performanslarının Analizi. Turkish 
Journal of Agriculture-Food Science and Technology, 
8(9), 1952–1964. 

Biller-Takahashi, J. D., & Urbinati, E. C. (2014). Fish 
Immunology. The modification and manipulation of the 
innate immune system: Brazilian studies. Anais Da 
Academia Brasileira de Ciências, 86, 1484–1506. 

Blazer, V. S. (1992). Nutrition and disease resistance in fish. 
Annual Review of Fish Diseases, 2, 309–323. 

Cheng, Z., Sun, G., Guo, W., Huang, Y., Sun, W., Zhao, F., & Hu, 
K. (2015). Inhibition of hepatitis B virus replication by 
quercetin in human hepatoma cell lines. Virologica 
Sinica, 30, 261–268. 



 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS26120 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Davies, K. J. A. (1986). Free-Radicals induce lipid-peroxidation 
and protein degradation by independent mechanisms. 
Journal of the American Oil Chemists Society, 63(4), 418–
419. 

Davis, J. M., Murphy, E. A., McClellan, J. L., Carmichael, M. D., 
& Gangemi, J. D. (2008). Quercetin reduces susceptibility 
to influenza infection following stressful exercise. 
American Journal of Physiology-Regulatory, Integrative 
and Comparative Physiology. 

De Munck, J. de, Van Landuyt, K., Peumans, M., Poitevin, A., 
Lambrechts, P., Braem, M., & Van Meerbeek, B. (2005). 
A critical review of the durability of adhesion to tooth 
tissue: methods and results. Journal of Dental Research, 
84(2), 118–132. 

Delgado, C. L., Wada, N., Rosegrant, M. W., Meijer, S., & 
Ahmed, M. (2003). Outlook for fish to 2020: meeting 
global demand (Vol. 15). Intl food policy res inst. 

Dopazo, C. P. (2020). The Infectious Pancreatic Necrosis Virus 
(IPNV) and its Virulence Determinants: What is Known 
and What Should be Known. Pathogens, 9(2), 94. 
https://doi.org/10.3390/pathogens9020094 

Duran, U., Çenesiz, S., & Şahin, B. (2022). Blood sampling 
techniques and preparing for analysis in rainbow trout 
(Oncorhynchus mykiss). Black Sea Journal of Agriculture, 
1–6. https://doi.org/10.47115/bsagriculture.1185283 

Durmaz, Y. (2016). Balıklarda Viral Enfeksiyonlara Karşı İmmun 
Sistemin İşleyişi. Atatürk Üniversitesi Veteriner Bilimleri 
Dergisi, 11(3), 355–363. 

Erel, O. (2005). A new automated colorimetric method for 
measuring total oxidant status. Clinical Biochemistry, 
38(12), 1103–1111. 

Erer, H. (2002). Balık Hastalıkları. 2. baskı, Selçuk Üniv. 
Basimevi, Konya. 

Ergüzel, E. T. (2006). Quercetin (3, 3’, 4’, 5, 7-
pentahidroksiflavon)’in bakır (II) ve çinko (II) 
komplekslerin kararlılık sabitlerinin tayini. Marmara 
Universitesi (Türkiye). 

FAO. (2022). Aquaculture market in the Black Sea: country 
profiles. In Aquaculture market in the Black Sea: country 
profiles. https://doi.org/10.4060/cb8551en 

Giorgio, P. (2000). Flavonoid an antioxidant. Journal National 
Product, 63(1), 1035–1045. 

González-Esquivel, A. E., Charles-Niño, C. L., Pacheco-Moisés, 
F. P., Ortiz, G. G., Jaramillo-Juárez, F., & Rincón-Sánchez, 
A. R. (2015). Beneficial effects of quercetin on oxidative 
stress in liver and kidney induced by titanium dioxide 
(TiO2) nanoparticles in rats. Toxicology Mechanisms and 
Methods, 25(3), 166–175. 

Gürçay, M., Turan, T., & Parmaksız, A. (2013). Türkiye’de 
Kültürü Yapılan Gökkuşağı Alabalıklarında 
(Oncorhynchus mykissWalbaum, 1792) İnfeksiyöz 
Pankreatik Nekrozis Virus Varlığının Tespiti Üzerine Bir 
Araştırma. The Journal of the Faculty of Veterinary 
Medicine, University of KAFKAS, 19(1), 141. 

Kappus, H., & Diplock, A. T. (1992). Tolerance and safety of 
vitamin E: a toxicological position report. Free Radical 
Biology and Medicine, 13(1), 55–74. 

Kelly, G. S. (2011). Quercetin. Alternative Medicine Review, 
16(2), 172–195. 

Korkmaz, A. Ş., Zencir, Ö., & Coşkun, T. (2008). Türkiye’de 
uygulanan alabalık yetiştirme teknikleri. Süleyman 
Demirel Üniversitesi Eğirdir Su Ürünleri Fakültesi Dergisi, 
4(1), 58–64. 

Kükürt, A., Gelen, V., Başer, Ö. F., Deveci, H. A., & Karapehlivan, 
M. (2021). Thiols: Role in Oxidative Stress-Related 

Disorders (P. Atukeren (ed.); p. Ch. 3). IntechOpen. 
https://doi.org/10.5772/intechopen.96682 

Kükürt, A., & Karapehlivan, M. (2022). Protective effect of 
astaxanthin on experimental ovarian damage in rats. 
Journal of Biochemical and Molecular Toxicology, 36(3), 
e22966. 
https://doi.org/https://doi.org/10.1002/jbt.22966 

Kumar, P., Sharma, S., Khanna, M., & Raj, H. G. (2003). Effect 
of Quercetin on lipid peroxidation and changes in lung 
morphology in experimental influenza virus infection. 
International Journal of Experimental Pathology, 84(3), 
127–134. 

Magnadottir, B. (2010). Immunological control of fish diseases. 
Marine Biotechnology, 12, 361–379. 

Maleki, S. J., Crespo, J. F., & Cabanillas, B. (2019). Anti-
inflammatory effects of flavonoids. Food Chemistry, 299, 
125124. 
https://doi.org/10.1016/j.foodchem.2019.125124 

McDowell, L. R. (2012). Vitamins in animal nutrition: 
comparative aspects to human nutrition. Elsevier. 

Mittal, M., Siddiqui, M. R., Tran, K., Reddy, S. P., & Malik, A. B. 
(2014). Reactive oxygen species in inflammation and 
tissue injury. Antioxidants and Redox Signaling, 20(7), 
1126–1167. https://doi.org/10.1089/ars.2012.5149 

Muderrisoglu, S., Cenesiz, S., & Yarim, M. (2022). 
Determination of the effect of Quercetin on oxidant- 
antioxidant parameters in the blood and liver tissues of 
rats given sodium fluoride experimentally. Journal of the 
Indian Chemical Society, 99(7), 100486.  
https://doi.org/10.1016/j.jics.2022.100486 

Ocak, F. (2006). Balıklarda Lenfoid organlar ve immun sistemin 
özellikleri. Erciyes Üniversitesi Veteriner Fakültesi 
Dergisi, 3(1), 61–66. 

Öğüt, H. (2005). Balıklarda Stres. In M. Karataş (Ed.), Balık 
Biyolojisi Araştırma Yöntemleri (pp. 377–394). Nobel 
Akademik Yayıncılık. 

Quintanilha, A. T. (1981). Membrane effects of vitamin E 
deficiency: bioenergetic and surface charge density 
studies of skeletal muscle and liver mitochondria. 

Ravin, H. A., & Harvard, M. D. (1956). Rapid Test for 
Hepatolenicular Degeneration. The Lancet, 726–727. 
https://doi.org/10.1016 / s0140-6736 (56) 90751-6 

Reno, W. (1998). Warlord politics and African states. Lynne 
Rienner Publishers. 

Rice-Evans, C. A., Miller, N. J., & Paganga, G. (1996). Structure-
antioxidant activity relationships of flavonoids and 
phenolic acids. Free Radical Biology and Medicine, 20(7), 
933–956. 
https://doi.org/https://doi.org/10.1016/0891-
5849(95)02227-9 

Robaszkiewicz, A., Balcerczyk, A., & Bartosz, G. (2007). 
Antioxidative and prooxidative effects of quercetin on 
A549 cells. Cell Biology International, 31(10), 1245–
1250. 

Roberts, R. J. (2001). Fish pathology. Bailliere Tindall, London. 
Virology, 238–243. 

Romero, M. R., Efferth, T., Serrano, M. A., Castaño, B., Macias, 
R. I. R., Briz, O., & Marin, J. J. G. (2005). Effect of 
artemisinin/artesunate as inhibitors of hepatitis B virus 
production in an “in vitro” replicative system. Antiviral 
Research, 68(2), 75–83. 

Santi, N., Vakharia, V. N., & Evensen, Ø. (2004). Identification 
of putative motifs involved in the virulence of infectious 
pancreatic necrosis virus. Virology, 322(1), 31–40. 



 
Turkish Journal of Fisheries & Aquatic Sciences TRJFAS26120 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Schmalz, G., & Arenholt-Bindslev, D. (2009). Biocompatibility 
of dental materials (Vol. 1). Springer. 

Smail, D. A., & Munro, A. L. S. (1985). Infectious pancreatic 
necrosis virus persistence in farmed Atlantic salmon 
(Salmo salar). Fish and Shellfish Pathology, 277–288. 

TÜİK. (2023). Haber Bülteni Sayı: 49678. 
https://data.tuik.gov.tr/Bulten/Index?p=Fishery-
Products-2022-49678#:~:text=Yetiştiricilik 2022 yılında 
%259%2C1 arttı&text=Yetiştirilen en önemli balık 
türü,469 ton ile çipura oldu. 

Ursini, F., Maiorino, M., & Gregolin, C. (1985). The 
selenoenzyme phospholipid hydroperoxide glutathione 
peroxidase. Biochimica et Biophysica Acta (BBA)-General 
Subjects, 839(1), 62–70. 

Wang, J., Zhu, H., Wang, K., Yang, Z., & Liu, Z. (2020). Protective 
effect of quercetin on rat testes against cadmium toxicity 
by alleviating oxidative stress and autophagy. 
Environmental Science and Pollution Research, 27, 
25278–25286. 

Wolf, K. (1988). Infectious pancreatic necrosis. Fish Viruses and 
Fish Diseases. 

Xu, D., Hu, M. J., Wang, Y. Q., & Cui, Y. L. (2019). Antioxidant 
activities of quercetin and its complexes for medicinal 
application. Molecules, 24(6).  
https://doi.org/10.3390/molecules24061123 

Yıldırım, Ş., & Gümüşova, S. (2020). Effect of quercetin on 
infectious pancreatic necrosis virus: In vitro replication 
study. Aquaculture Studies, 20(2), 113–119. 
https://doi.org/10.4194/2618-6381-v20_2_05 

Yoshioka, T., Kawada, K., Shimada, T., & Mori, M. (1979). Lipid 
peroxidation in maternal and cord blood and protective 
mechanism against activated-oxygen toxicity in the 
blood. American Journal of Obstetrics and Gynecology, 
135(3), 372–376.  
https://doi.org/10.1016/0002-9378(79)90708-7 

Zhang, H. (1999). Theoretical elucidation of structure-activity 
relationship of flavonoid antioxidants. Science in China 
Series B: Chemistry, 42, 106–112.   


