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The water systems of the Kola Peninsula are
exposed to intensive pollution from mining and metal-
lurgical enterprises. The wastewater of industrial plants
depending on their volume, content of certain sub-
stances, and currents create, in a water body, zones with
different hydrochemical conditions (Moiseenko, 1997).

Heavy metals belong to the most dangerous waste
products, as their toxicity is high, they may be accumu-
lated in tissues and may be included in trophic chains of
hydrobionts. They render a high effect on physiologo-
biochemical parameters of fish, are cancerogenous,
gonadotoxic, and embryotoxic. Under conditions of
pollution, the population of whitefish 

 

Coreginus lav-
aretus

 

 experiences the stress, causing no mass kills but
influencing their life cycle and physiological condi-
tions: decrease in the growth rate (dwarf forms are pro-
duced), behavioral activity, general endocrine function,
shift of the sexual maturity towards younger age
groups, as well as increased accumulation of fat
(Kashulin et al., 1999; Sharova and Lukin, 2000; Zhou
et al., 2001; Moiseenko, 2005). In the fish from water
bodies exposed to loads of heavy metals, phosphorus-
and nitrogen-containing compounds, clinical and histo-
logical manifestations of diseases were found: changes
in coloration and structure of the liver (lipoid degener-
ation), of kidneys (nephrocalcitosis), of gills (hypere-
mia), and of other organs, excrescence of connective
tissue around the vessels (Lukin et al., 2000).

The change in the physiological condition of the
organism is preceded by biochemical modifications at
the cell and membrane levels. Adaptation of fish to var-
ious ecological factors is much related to special traits
of lipid composition of cell membrane of tissues which

determine their permeability and resistance (Sha-
tunovskii, 1980; Kreps, 1981).

It is known that one of the functions of the liver is a
barrier function, including detoxication and the princi-
pal function of gonads is a reproductive one. Thus we
believed that it was interesting to compare changes in
lipid spectra in these organs and the response to impact
of industrial emissions containing a complex of inor-
ganic toxicants.

The aim of the present study was the investigation of
the lipoid composition of the liver and gonads of white-
fish from water bodies polluted by waste products of
mining and metallurgical enterprises.

MATERIAL AND METHODS

Lake Imandra is the largest water body in the central
Kola Peninsula. On its drainage area there are mining
and processing enterprises of apatite–nepheline and
copper–nickel profile. In the ichthyofauna of most
lakes of the North, the species of the genus 

 

Coregonus

 

dominate. They are oligotoxobic species, highly sensi-
tive to pollution but having a high plasticity at the same
time (Reshetnikov, 1995; Moiseenko, 1997).

The investigations were made on the females of oli-
gorakered whitefish 

 

C. lavaretus

 

 with gonads at matu-
rity stage IV. They are benthophagous and are exposed
all year round to intensive impact of industrial pollution
accumulated in bottom sediments (Kashulin, 2004).

The whitefish were caught in four water areas differ-
ing in the pollution level (Table): in the Kunchast Bay
(the western part remote from Lake Imandra not
exposed to direct pollution—the conventional control),
in the Kislaya Bay (the southern part of Lake Imandra
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Abstract

 

—The impact of water pollution on the content of lipid components of the liver and eggs of whitefish

 

Coregonus lavaretus

 

 is investigated. The content of triacylglycerols (TAG), sphingomyelin (SPM), phosphati-
dylinositol (PI), and phosphatidylserine (PS) is higher in the liver of whitefish from polluted waters being a part
of adaptogenous reactions (modification of permeability of biomembranes, of activity of membrane enzymes,
etc.) providing a possibility of the survival of fish under unfavorable ecological factors. The lipid spectra of
whitefish gonads are more stable in comparison with the liver. This may be related to protection of the repro-
ductive system from external influences.
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principally receiving the effluents of the 

 

Severonikel

 

integrated works and of Olenegorsk enrichment inte-
grated works), in the area of Syav Island (Lake Imandra
where the effluents of the aforementioned works mix,
and also

 

 Apatit

 

 production association), and in the sys-
tem of the Pasvik River (the Vaggetem water area, Nor-
way, influenced by the emissions of OAO 

 

GMK Pech-
enganikel

 

).
The industrial waste arrives to Lake Imandra and to

the Pasvik system both from drainage areas and with
atmospheric precipitation accompanied by acid phase
increasing their biological accessibility (Spry and
Wiener, 1991; Lukin et al., 1998; Kashulin et al., 1999).

For biochemical analyses, individual samples of the
liver and gonads (by 10–15 fish from each zone) were
taken. Samples of tissues (500 mg) were homogenized
in a 10-fold volume of mixture chloroform–methanol
(2 : 1) with an addition of 0.001% antioxidant ionol and
kept in a cold place until analysis. Lipids were extracted
by the Folch method (Folch et al., 1957). Total lipid
(P1) and defatted dry residue (P2) were isolated, dried
until permanent weight and weighted. The dry residue
comprised protein, carbohydrates, nucleic acids, amino
acids, and microelements. Separation to lipid fractions
was made on chromatographic plates Silufol (Kavalier,
Czechia) in the system of solvents: petroleum ether–
sulphuric ether–acetic acid (90 : 10 : 1). The quantity of
phospholipids (PL) and triacylglycerols (TAG) was
determined by the hydroxamate method (Sidorov et al.,
1972), cholesterol (CS)—by the reaction with a colored
reagent (Engelbrecht et al., 1974) and expressed as per-
centage of the dry weight matter (P1 + P2). The compo-
sition of individual phospholipids was analyzed by the
method of high performance liquid chromatography
(Arduini et al., 1996) in a steel column Nucleosil 100-7,
(Elsiko, Moscow), mobile phase acetonitrile–hexane–
methanol–orthophophoric acid (918 : 30 : 30 : 17.5). Detec-
tion was made by the light extinction level at 206 nm. The
ratio between phospholipids components was assessed
by the values of areas on the chromatogram.

The statistical treatment of the results was made
using software packages 

 

Excell

 

 and 

 

Stadia.

 

RESULTS AND DISCUSSION

It was found that, in whitefish from the convention-
ally pure zone (the Kunchast Bay—Control), the con-
tent of total lipid in the liver was 18.8% of the dry
weight and, in the fish from polluted water bodies (the
Kislaya Bay, island Syav), it was higher by 1.2–
1.4 times due to a higher level of reserve TAG (Figs. 1, 2).
Earlier investigations also revealed a higher level of
TAG in the liver of whitefish from the Belaya Bay of
Lake Imandra polluted with heavy metals (Smirnov and
Kirilyuk, 1994). This agrees with the previously
obtained data on high indices of the liver of whitefish
from Lake Imandra correlating with the level of toxic
load (Moiseenko, 1997). Such accumulation of TAG in
the liver was previously found in the experiments on
mammals at functional loads of various etiology (dia-
betes, viral hepatitis, impact of copper ions) (Bozhkov
and Dlubovskaya, 1995). Triacylglycerols, which are a
universal reserve form of lipids, are used by the organ-
ism to a considerable extent as a principal energy
source. The increased level of TAG in the liver of white-
fish from areas polluted with heavy metals, in compar-
ison with whitefish from a comparatively pure zone,
may be related to the decrease in the energy metabolism
as a result of inhibition of the activity of acid triacylg-
lycerol lipase in the liver by heavy metals (Tashev,
1980).

The content in the liver of structural lipids (choles-
terol and phospholipids) and, respectively, the value of
the coefficient CS/PL did not significantly (

 

p

 

 

 

≤

 

 0.05)
differ in the variants under consideration (Figs. 2, 3). It
is known that the values of this coefficient are a param-
eter characterizing the viscosity of biomembranes
influencing the activity of enzymes bound with mem-
branes (Lopukhin et al., 1985).

 

Principal hydrochemical parameters of polluted zones of Lake Imandra and the Pasvik River (Moiseenko, 1997; Kashulin
et al., 1999)

Parameters
Lake Imandra Vaggetem water area

Kunchast Bay Kislaya Bay Syav Island the Pasvik River

Silfate, mg/l 9.2 17.5 23.3 –

Total phosphorus, 

 

µ

 

g P/l 4.0 17.3 45.3 –

Total nitrogen, 

 

µ

 

g N/l 136.0 213.0 370.0 –

Iron, 

 

µ

 

g/l 23.0 22.0 32.0 –

Nickel, 

 

µ

 

g/l 2.0 6.0 10.0 12.8

Copper, 

 

µ

 

g/l 2.0 3.0 4.0 5.5

Zinc, 

 

µ

 

g/l – – – 17.0

Manganese, 

 

µ

 

g/l – – – 13.0

 

Note: – no data.
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In gonads of whitefish from polluted water bodies,
the level of total lipid was identical, including that of
phospholipids, triacylglycerols, and cholesterol (except
the area of Syav Island) coinciding with the values
determined for the control (Figs. 1, 4).

A very low content of cholesterol in gonads of
whitefish from the most polluted water area (at Syav
Island and, respectively, a ratio CS/PL in comparison
with those from Kislaya Bay and Kunchast Bay (con-
trol) may indicate to disturbance of lipid–lipid relation-
ships and, consequently, to the loss of ability of cells for
adhesion, to the change of microviscosity of the lipid
bilayer which influences the activity of lipid-dependent
enzymes bound with membranes (Lopukhin et al.,
1985; Melkonyan et al., 1989). A considerable decrease
in viscosity of biomebranes of eggs may cause its par-
tial resorption. This agrees with histochemical investi-
gations of Moiseenko (1997) demonstrating that the
structure of gonads in many female whitefish from
areas of Lake Imandra strongly polluted with heavy
metals is modified: the eggs are underdeveloped, filled
with exudates and their consistency is jellylike.

In spite of the absence of differences in the content
of total phospholipids both in the liver and in gonads of
whitefish from water areas with different anthropoge-
nous load, the spectra of particular phospholipids frac-
tions are different in type, though have some traits in
common. Comparison of spectra of phospholipids frac-
tions in whitefish revealed that there is a direct correla-
tion of the level of phosphatidylinositol (PI), phospha-
ditylserine (PS), lysophospaditylcholine (LPC), and
sphingomyelin (SPM) in the liver and a reverse correla-
tion of PS and LPC in gonads with the level of pollution
of water area with heavy metals (Figs. 5–7). The part of
phosphatidylcholine (PC) and phosphatidylethanola-
mine (PEA) in the liver of whitefish from Kislaya Bay
is higher than that in the control. In the area of Syav
Island, it is significantly lower. A high concentration of
LPC and a lowered level of PEA and PC in the liver of
whitefish from the area of Syav Island indicate to
destructive processes related to oxidation of phospho-
lipids. This may lead to a considerable decrease in the
microviscosity of membranes due to disturbance of
hydrophobous interaction of fatty acids of lipids with
proteins in the structure of membranes. PI is a key
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Fig. 1.

 

 Content of total lipid in tissues of whitefish 

 

Corego-
nus lavaretus

 

 from water bodies with different anthropoge-
nous load.

 

Fig. 2.

 

 Content of lipid in the liver of whitefish 

 

Coregonus
lavaretus 

 

from water bodies with different anthropogenous
load.

 

Fig. 3.

 

 The coefficient CS/PL in tissues of whitefish 

 

Core-
gonus lavaretus

 

 from water bodies with different anthropo-
genous load.

 

Fig. 4.

 

 Content of lipid in the gonads of whitefish 

 

Corego-
nus lavaretus

 

 from water bodies with different anthropoge-
nous load.
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mediator of various signal mechanisms triggering and
regulating such cellular processes as differentiation,
chemotaxis, adaptation to the environment, etc. (Rad-
chenko et al., 2005). A considerable increase in the con-
centration of SPM may be attributed to defensive mech-
anisms directed to the decrease of oxidizability of
membrane lipids due to a high saturation of its compo-
sition of fatty acids preventing the excessive activation
of free-radical oxidation, especially under conditions of
deficiency of antioxidants (Barak et al., 1998).

Generally, under conditions of anthropogenous load
on water bodies, the phospholipid spectra of the liver of
whitefish from comparable water areas demonstrate a
lower stability in comparison with the gonads, as the
liver is the principal organ of lipid metabolism and of
detoxication.

The system of the Pasvik River receives effluents of
copper–nickel production with a considerable presence
of zinc and manganese (table). It was found that, in the
liver and in gonads of whitefish from the Pasvik River,
the content of total lipid did not differ from that in the
fish from the “control” water body (Kunchast Bay), the
level of cholesterol being higher (Figs. 1, 2, 4). This
may result from blocking with metals (xenobiotics) of
the activity of the monooxigenase enzyme system of
the liver containing cytochrome P-450 catalyzing the
reactions of oxidation of both cholesterol and of xeno-
biotics (Rocha et al., 2000). An increased value of the
coefficient CS/PL in the liver and gonads of whitefish
from the Pasvik River is noticeable (by 2.6 and 1.6 times,
respectively), mainly due to accumulation of choles-
terol (Fig. 3). Cholesterol is known as a principal stabi-
lizer of biomembranes. Getting between nonsaturated
fatty acids of phospholipids, it may inhibit the develop-
ment of processes of peroxide oxidation (Baraboy
et al., 1992; Kolomiytseva et al., 2003).

The content of TAG in the gonads of whitefish cor-
responded to the control values and in the liver it was
considerably higher than that in the control, as noted
above for the liver of whitefish from polluted water
areas of Lake Imandra (Figs. 2, 4).

The decreased level of total phospholipids in the
liver of whitefish is determined (in comparison with the
control) due to a lower concentration of principal phos-
pholipids fractions—PEA and PC. The part of PI, PS,
and SPM was higher (Fig. 5), similarly to modifications
of phospholipids spectra of the liver of whitefish from
Syav Island. An increased level of acid phospholipids
(possessing functional groups with a negative
charge)—PI and PS in the liver of whitefish from pol-
luted water areas may be related to the necessity of acid
PL for reactivation of membrane ATPases ensuring the
action of ion channels (Fig. 7) (Kreps, 1981; Boldyrev
et al., 2006). In the gonads of whitefish, the quantity of
total phospholipids does not differ from the control
level. However, the spectra of particular phospholipids
differed: the level of PS and SPM was higher by two
times, and the level of LPC—lower by more than three

times (Fig. 6). Thus, differences in lipid in gonads are
revealed and are more significant differences—in the
liver of whitefish from the system of the Pasvik River in
comparison with the control variant.
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Fig. 5.

 

 Content of phospholipid in the liver of whitefish

 

Coregonus lavaretus

 

 from water bodies with different
anthropogenous load.

 

Fig. 6.

 

 Content of phospholipid in the gonads of whitefish

 

Coregonus lavaretus

 

 from water bodies with different
anthropogenous load.

 

Fig. 7.

 

 Content of “acid” phospholipid (PI + PS) in tissues
of whitefish

 

 Coregonus lavaretus

 

 from water bodies with
different anthropogenous load.



 

104

 

JOURNAL OF ICHTHYOLOGY

 

      

 

Vol. 47

 

      

 

No. 1

 

      

 

2007

 

NEFEDOVA et al.

 

CONCLUSIONS

(1) Accumulation of reserve high-energy triglycer-
ols in the liver of whitefish from all polluted water areas
of Lake Imandra and the system of the Pasvik River in
comparison with the control (Kunchast Bay) is one of
mechanisms of adaptation of fish to changed environ-
mental conditions.

(2) The revealed modifications of phospholipids
spectra (the increase in the concentration of highly sat-
urated sphingomyelin, of highly nonsaturated phos-
phatidylcholine and phosphatidylethanoamine) on the
liver of whitefish from polluted water bodies are a part
of adaptogenous reactions (modification of permeabil-
ity of biomembranes; of activity of membrane
enzymes, including ATPases responsible for activity of
ion channels) which provide a possibility of survival of
fish under various combinations of unfavorable ecolog-
ical factors.

(3) In the liver of whitefish, the shifts of lipid param-
eters are more significant than in the gonads, which is
obviously related to the maximum protection of the
system of reproduction against external influences.

(4) Determination of the lipid status of fish may be
used for bioindication in ecologo-biochemical monitor-
ing of the state of fish in water bodies exposed to
anthropogenous impact.
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