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The purpose of this research was to study the free radical induced lipid oxidation in the commonest 
fish species inhabiting the Volga river, in the Middle Volga region of the Russian Federation, de-
pending on the seasons of the year. The commonest fish species in the Volga river basin: European 
carp Cyprinus carpio (L., 1758), sabrefish Pelecus cultratus (L., 1758), common bream Abramis 
brama (L., 1758), tench Tinca tinca (L., 1758), and common roach Rutilus rutilus (L., 1758) were 
studied. The level of malondialdehyde and the activity of catalase were investigated in gills, liver, 
muscles and gonads. The values of molecular oxidative biomarkers in the studied fish species were 
significantly higher in the summer, suggestinga more active lipid peroxidation. The increase in cata-
lase activity in the studied organs may indicate activation of the antioxidant defense system that can 
positively affect the growth and development of fish. 
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All aspects of living organism’s activity 
are influenced by a variety of biotic and 
non-biotic factors. One of the most impor-
tant ecological factors is the ambient tem-
perature. Temperature ranges beneficial 
for biological activity of a species are 
established by various adaptation mecha-
nisms operating on different levels, i.e. 
post-transcriptional, molecular, biochemi-

cal (metabolical) etc. (Orczewska et al., 
2010; O’Brien, 2011; Somero, 2012; 
White et al., 2012). 

 One of these factors is free radical 
formation. Active forms of oxygen are 
usually created as metabolic byproducts. 
Environmental changes of processes can 
have a negative impact on pro-oxidation 
processes (Bhattacharjee, 2010). The in-
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fluence of temperature on lipid peroxida-
tion (LP) processes for fish species inhab-
iting the Middle Volga river basin (Rus-
sian Federation) has not yet been studied 
completely. Therefore, the purpose of this 
study was to establish the seasonal pat-
terns of free-radical initiated lipid oxida-
tion for the most prominent fish species of 
the Middle Volga basin. 

The studies were performed at the N. 
I. Vavilov Saratov State Agrarian Univer-
sity in 2015 and 2016. 

The 5 most abundant cyprinid species 
living in the Volga river basin were cho-
sen as test subjects; the species included 
common carp Cyprinus carpio (L., 1758), 
sabrefish Pelecus cultratus (L., 1758), 
common bream Abramis brama (L., 
1758), tench Tinea tinea (L., 1758) and 
roach Rutilus rutilus (L., 1758). Twelve 
fish of each species (two-year old males) 
or 60 fish in total were caught during the 
first month of each season of the year. The 
average weight of fish was as followed: 
564.6±18.5 g for carps, 391.2±7.2 g for 
sabrefish; 166.0±10.2 g for bream; 
209.2±10.2 g for tench and 377.6±6.6 for 
roach. The fish were transferred to the 
laboratory at Saratov Agrarian University 
within three hours after their capture. 

The concentration of malondialdehyde 
(MDA) was assayed by thiobarbituric acid 
test. It is based on a fact that free radical 
formation in polysaturated fatty acid 
molecules during LP processes is accom-
panied by formation of a system of conju-
gated double bonds leading to emergence 
of a new peak in absorption spectrum 
(Stalnaya & Garyshvili, 1977). Antioxi-
dant saturation of studied fish bodies was 
assessed by activity of catalase in blood 
serum and tissue homogenates. This 
method is based on the ability of hydrogen 
peroxide to form a stable coloured com-
plex with molybdenum salts (Korotok, 

1988). The validity of our research was 
verified by statistical methods using Mic-
rosoft Excel software. The sample diffe-
rence was assessed by the t-test and dif-
ferences presented with respect to winter 
data.  

Studies of lipid peroxidation and anti-
oxidant system activity of carps depend-
ing on the season established that maxi-
mum concentration of malondialdehyde 
(MDA) was observed during the summer 
period (Table 1).  

According to our test results, MDA 
concentration in the tench gill tissue in-
creased in the following order of seasons: 
winter > spring > autumn > summer.     

Fluctuations of MDA concentration in 
liver can be explained by endogenous 
fluctuations of lipid peroxidation level 
influenced by the length of daylight pe-
riod. Liver as a central organ of fish me-
tabolism is characterised by high intensity 
of exchange processes (including lipid 
exchange) and increased concentration of 
general lipids, nucleic acids, glycogen, 
proteins as well as all classes of structural 
and reserve lipids. Maximum lipid con-
centration is also connected to fish spawn-
ing period (Gostyukhina et al., 2010). All 
these characteristics of liver chemical 
composition and its specific functions are 
the most likely reason for increased LP 
activity in hepatic cells compared to cells 
of other fish organs.  

The lowest MDA concentration for all 
studied fish species was observed in skele-
tal muscles. Such low LP product concen-
trations could be, most likely, attributed to 
lower concentration of lipids compared to 
other studied organs.  

Thus, maximum concentration of 
malondialdehyde for most of studied fish 
species was observed during the summer 
while least concentrations –  during the 
autumn and winter. Most intensive lipid 
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peroxidation occurred in the liver, gills 
and reproductive glands.  

We found out that catalase activity in 
bream gill tissues during the spring and 
the summer increased by 18.9 and 20%, 
respectively, compared to the winter pe-
riod (Table 2). High catalase activity in 
gills is an indicator of higher concentra-
tion of active forms of oxygen in this or-
gan. It is also probably caused by breath-
ing and oxygen exchange between exter-
nal and internal environment performed 
by fish gills as their tissues are extensively 
vascularised. The primary free radical 
protection mechanism of gills is provided 
by red blood cell antioxidant system 
which also generates the majority of ac-
tive forms of oxygen as a by-product of 

reaction between oxygen and haemoglo-
bin. For example, the annual pattern of 
catalase activity for almost all of studied 
fish species (excluding sabrefish) in-
creased in the following order: winter > 
spring > autumn > summer. 

The studies of catalase enzyme activity 
in tissues and organs established fluctua-
tions of enzyme activity depending on the 
season of the year. The highest catalase 
enzyme activity was observed during the 
summer and the lowest – during the au-
tumn and the winter.  

Catalase enzyme activity level is also 
affected by seasonal fluctuations and de-
pends on the state of LP. The highest en-
zyme activity was registered in gills and 
liver of studied carp species which can be 

Table 1. Concentration of malondialdehyde (nmol/g) in tissues of various species of carps during 
various seasons of the year 

Studied organs Sabrefish Bream Carp Tench Roach 

Winter 

Gills 18.41±0.07 17.92±0.42 17.10±0.15 14.15±0. 7 14.01±0.57 
Liver 16.42±0.33 17.05±0.42 21.03±0.85 18.87±0.56 18.82±0.32 
Muscles 10.93±0.21 11.01±0.23 13.93±0.32 12.94±0.63 13.82±0.21 
Reproductive glands 11.01±0.17 14.44±0.33 11.79±0.43 11.42±0.27 13.57±0.18 

Spring 

Gills 19.47±0.64 19.17±0.33 16.66±0.33 17.41 ±0.24* 17.05±0.84* 
Liver 18.34±0.19* 23.52±0.82* 19.86±0.25* 19.36±0.19 20.01 ±0.47* 
Muscles 12.47±0.33* 13.81±1.00* 12.40±0.74* 10.72±0.14* 13.55±0.33 
Reproductive glands 12.99±0.50* 26.27±0.71* 10.03±0.03* 14.42±0.17* 14.09±0.19 

Summer 

Gills 26.99±1.23* 28.41±1.03* 28.69±1.11* 27.12±1.33* 27.21±0.96* 
Liver 29.65±1.42* 27.33±1.70* 28.12±1.73* 29.81±2.01* 29.03±1.82* 
Muscles 21.76±0.93* 23.00±1.82* 21.98±0.9б* 22.65±0.91* 24.92±0.21* 
Reproductive glands 25.56±1.21* 27.87±1.33* 26.36±1.03* 27.03±1.49* 27.45±1.79* 

Autumn 

Gills 17.33±0.45 18.00±0.33 17.89±0.71 18.54±0.83* 18.35±0.69* 
Liver 19.64±0.32* 19.45±1.03* 18.67±0.95* 21.45±1.33* 20.32±0.53* 
Muscles 15.87±0.88* 16.33±0.81* 16.70±0.66* 17.23±0.62* 17.23±0.72* 
Reproductive glands 18.56±0.87* 17.93±0.33* 16.67±0.80* 17.42±0.87* 18.00±1.12* 

* Р≤0.05 compared to respective winter data. 
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explained by functional roles of these or-
gans. 

Thus, the values of molecular bio-
markers of the oxidative system in the stu-
died fish species in summer were signifi-
cantly higher, indicating a more active 
process of lipid peroxidation. The results 
of our studies are consistent with the re-
sults of Person-Le Ruyet et al.  (2004). 

When studying the activity of catalase 
in tissues and organs, it was found that the 
activity of the enzyme fluctuated depend-
ing on the season of the year. The increase 
in catalase activity in the studied organs 
may point at activation of the antioxidant 
defense system that can positively affect 
the growth and development of fish. Our 
results are consistent with data published 

by Monteiro et al. (2007) and Ahmad et 
al. (2008). 

In conclusion, to assess the status of 
fish and their habitats, seasonal variations 
of the studied oxidative biomarkers should 
be taken into account. 
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