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Abstract:

Oxidative stress (OS) in aquatic organisms is associated with pressures within the marine environment by
both anthropogenic and natural factors like pollution, climate change, ecological interactions, etc. These
pressures can induce irreversible changes in the organism’s status and health influencing communities and
ecosystems as well. Red mullet is a widely distributed and commercially important demersal fish species in
the Black Sea. This makes it a promising bioindicator for the state of the marine environment and ecosystem
health. This study aimed to investigate the effect of seasonal variations in the marine environment on OS
in red mullet from four sites on the Bulgarian Black Sea coast — Kavarna, Kamchiya, St. Vlas and Sozopol.
Most of the measured OS biomarkers displayed seasonal variations in the two studied fish organs — liver
and gills. In autumn, higher lipid peroxidation levels and activities of superoxide dismutase (SOD), catalase
(CAT), and glutathione-S-transferase (GST) were presented in the liver of fish from all studied sites. In gills,
higher activity of SOD, CAT, GST, and acetylcholinesterase were measured in the summer. In conclusion,
the significant local variability of the sea environment quality induced different levels of OS in autumn in the
fish liver and in summer in the gills for all studied sites. The measured seasonal fluctuations in the red mul-
let’s OS biomarkers can be successfully used for biomonitoring and environmental marine risk assessment.
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based on heavy metals and persistent organic pol-

Introduction

The state of the marine environment is a result of
complex effects of both natural and anthropogenic
origin, including pollution. They can have additive,
synergistic, and even antagonistic effects on the en-
vironment and marine biota. Traditionally, the as-
sessment of the marine coastal ecosystems state is
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lutants measurement in water, sediments, and some
indicator organisms (KouaLr et al. 2022). To pro-
vide more reliable information about the health of
marine fish and ecosystems as a whole, it is becom-
ing necessary to combine traditional environmental
state measurements with more specific biological
responses of organisms. One way to assess these
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complex responses is by using oxidative stress (OS)
biomarkers in the fish organism. All pollutants are
capable of intensifying the intracellular reactive
oxygen species (ROS) generation, of disturbing an-
tioxidant efficiency, and of inducing OS (VAN DER
Oosr et al. 2003).

Data demonstrate significant seasonal altera-
tions in pollutants’ concentrations in marine water,
sediments, and organisms (RECABARREN-VILLALON
et al. 2021). Additionally, the seasonal variations,
such as temperature, UV radiation, oxygen content,
salinity etc. in water bodies influence important
physiological processes in animals such as reproduc-
tion, hibernation, aestivation, immune functions, be-
haviour, which are all practically governed by meta-
bolic activities (LEHNINGER et al. 2008). This may
lead to changes in the pro/antioxidant balance of the
organisms and affect OS parameters in marine biota.

Red mullet Mullus barbatus Linnaeus, 1758 is
a Mediterranean immigrant in the Black Sea with
48,6% estimated frequency of occurrence in the
Bulgarian shelf (2015). It is a demersal fish with
commercial importance, which also plays a sig-
nificant role in marine and estuarine trophic webs.
Hence, the red mullet can be considered as key in-
dicator species of the ecological state of its habitats
in the Bulgarian Black Sea shelf. Fish gills and liver
have been recently recommended as suitable target
organs for environmental monitoring (YANCHEVA
2020; SHAH et al. 2022). Gills have uninterrupted
contact with the environment and thus are the first
to uptake and accumulate contaminants. Hence, fish
gills respond earlier than the liver and kidneys to
contamination exposure (PEREIRA et al. 2010). The
liver is a major metabolic organ and responsible for
the detoxification of various endogenous and exog-
enous substances (ARDESHIR et al. 2017). Specifi-
cally, fish liver and gills have proved to be impor-
tant as short-term indicators of long-term biological
environmental effects (REsTIvo et al. 2021).

Thus, the present study aimed to investigate
the effect of seasonal variations in the marine en-
vironment on M. barbatus inhabiting the Bulgarian
Black Sea shelf by the fish responses to stress. Our
approach included estimation of the main OS bio-
markers: lipid peroxidation (LPO), glutathione con-
tent (GSH), as well as antioxidant enzyme activities
of superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), glutathione-S-trans-
ferase (GST), and acetylcholinesterase (AChE).

Materials and Methods

Study areas and sampling sites

The fish were sampled during monitor trawling in
summer (10-15 July) and autumn (5-10 November)
2021-2022 from four selected sites with intensive
fishing activities — Kavarna (S1), Kamchiya (S2),
St. Vlas (S3) and Sozopol (S4) (Table 1). On board,
the fish were immediately shock frozen.

Tissue preparation

After defrosting each individual organ (n=12 for
each site) was dissected and the liver and gills were
removed on an ice bath. Both types of organs were
homogenized in 0.1M K-PO, (pH 7.4) using a Potter
Elvehjem homogenizer with a Teflon pestle (Thom-
as Scientific, USA). A post-nuclear fraction for de-
termination of LPO and GSH levels was obtained
by centrifugation of the homogenates for 10 min at
3000g and the post mitochondrial supernatant, used
for measurement of the antioxidant enzyme activi-
ties, by re-centrifugation of the post-nuclear fraction
at 12 000 g for 20 min. All operations were per-
formed at 4°C.

Biochemical analysis

The biomarkers were measured spectrophotometri-
cally using kits - purchased from Sigma-Aldrich
Co. LLC(USA): Lipid peroxidation (MDA) Assay

Table 1. Sampling sites, coordinates, and condition index (CI).

Code Site Depth initialf-ﬁnal initia]i:-ﬁnal T; llllll)lf) . N(;I:eI:lnpl;er sulgllner aut(ljllmn
SU | Kevama | dsm | 330290 | BUBEC- g0 | g s
S2 | Kamchiya | 19m 453'?02221361;; N 2277'?;90170746:0‘ 25°C 15°C 58,89 55,00
S3 St. Vlas 24m 44122.669;()3292950- 2277'.77660881612:0' 26°C 17°C 45,52 56,27
S4 Sozopol 35m 452'?33392977;‘ 2277770150556“2 26°C 17°C 48,49 4524
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Kit MAKO085,Glutathione Assay Kit CS0260,SOD
Assay  Kit-WST  19160,CatalaseAssay  Kit
CAT100,Glutathione Peroxidase Cellular Activ-
ity Assay CGP1,Glutathione-S-Transferase Assay
Kit CS0410, Acetylcholinesterase Activity Assay
KitCS0003.

Statistical analyses

Statistical analyses were carried out by ANOVA.
The significance of differences in the values of eve-
ry OS biomarker was compared using Student’s t-
test (p < 0.05).

Results

Seasonal differences were established in most of
the biomarkers in both organs (Tables 2, 3). In the
liver elevated LPO levels were observed in fish from
points S1 and S4 in autumn, and in those from S2 in
summer (Table 2). In the gills, significant differenc-
es were not detected. In samples from the summer in
comparison to those from the autumn, the liver GSH
content was lower in fish from S1 and S3 (Table 2)
and in gills it was higher in fish from S1, S3, and
S4 (Table 3). In the livers of fish, caught in autumn,
higher activities of SOD were measured in the sam-
ples from all sites; of CAT — in samples from Sland
S2, of GST — in samples from S4, and of AChE — in
samples from S3 (Table 2). In autumn samples in
comparison to summer samples, significantly lower
liver activities were established for CAT in fish from
S3, for GPx in fish from S4, and for GST in fish
from S2 (Table 2). Significant differences were also
present in gills: higher enzyme activities in the sum-
mer were established for SOD in fish from S1, S3,
and S4, for CAT in fish from S2 and S4, and for GPx
in fish from S1. Lower activities were measured in
SOD of fish from S1, S3, and S4, in CAT of fish
from S3, in GST of fish from S2,S3,and S4, and in
AChE - from S1,S3,and S4 (Table 3).

Discussion

Climate changes, both seasonal and global, are
suggested to affect physicochemical parameters of
water like salinity, acidification, temperatures etc.,
which inevitably disrupts the intracellular mecha-
nisms of aquatic organisms, including distress in
regular biological processes and redox-balance, re-
sulting in raised metabolite rates, oxygen consump-
tion and overproduction of ROS (BIRNIE-GAUVIN
2017). In an attempt to assess the influence of sea-
sonal changes on the health condition of M. barbatus
and the environmental health of the Bulgarian Black

Sea costal ecosystems we investigated responses of
main pro/antioxidant OS biomarkers in the gills and
liver of the fish from 4 sites, exposed to the impacts
of different stressors.

The extent of existing physiological tolerance
and adaptive mechanisms of M. barbatus against
stressors and their fluctuations, together with their
collective impacts, is still unclear. Researchers re-
ported seasonal variations of red mullet OS re-
sponses in gills and liver, which demonstrated dif-
ferent pro-oxidant challenge in winter and summer
(PavrLoviC et al. 2010; PEREIRA et al. 2010). Latest
data reported that red mullet exhibited seasonal-re-
lated gene expression of some antioxidant enzymes
(FrappICINI et al. 2021). It could be suggested that
the seasonal downregulations in the synthesis of
some antioxidants determines greater susceptibility
of red mullets to the environmental pressure.

The overall results obtained in this study indi-
cated a significant influence of seasonal variations
of different factors on the pro/antioxidant balance
in the liver and gills of red mullet from the Bulgar-
ian Black Sea shelf area. Our data showed higher
OS in the liver of fish from Kavarna and Sozopol
in autumn compared to the fish caught in summer,
judged by increased LPO and activated SOD. In
general, a more active liver antioxidant defence
was observed in the autumn fish samples (Table 2).
This suggests the presence of pressure from the en-
vironment, which is compensated by the activation
of the cellular defence system of the fish. Similar
observations on the influence of seasonality on
the activities of antioxidant enzymes in the liver
were also found in red mullets from the Adriatic
Sea (PavLoviC et al. 2010). In gills, the opposite
trend was observed, namely lower levels of anti-
oxidant defence in fish caught in autumn compared
to fish caught in summer (Table 3). Depletion of
non-enzymatic antioxidant (GSH) and the inhibi-
tion of the enzymatic antioxidant (SOD) may be
the result of prolonged pressure during the summer
season, possibly as a result of household pollution
due to tourist activity. The relatively worse health
condition of the red mullet was also confirmed by
the low activity of AChE. Although inhibition of
ACHhE is assumed as a marker for the neurotoxic ef-
fects of pesticides in marine organisms, it has been
shown that AChE activity can be reduced under
exposure to treated municipal effluents (KAMEL et
al. 2012).

Our observation of tissue specific changes in
antioxidant enzymes in relation to season was in line
with data of da RocHa et al. (2009). In general, the
use of enzyme activities as bioindicators in marine
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biomonitoring studies is often complicated. On one
hand this is because the levels of chemical pollut-
ants in the environment often display wide seasonal
variations in response to climate and other factors
(SHEEHAN & POWER 1999) and this affects variously
the activity and expression of antioxidant enzymes.
On the other hand, in marine water, dominant sea-
sonal differences are temperature and concentration
of dissolved oxygen, and the antioxidative status in
species of marine fish seems to be related to tissue
oxygen consumption or to organism activity level
(WiLHELM FILHO et al. 2000).

In conclusion, the significant local variability,
incl. seasonal, of the sea environment quality at
the studied sites induced different pro/antioxidant
changes of OS biomarker responses in fish liver and
gills. Basic knowledge of seasonal OS fluctuations
in M. barbatus can be successfully used to provide
complementary data for the state and monitoring of
the ecological condition of the marine ecosystem
and national environmental policies for protection.
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