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Abstract
The levels of lysozyme in tissues of spleen, liver and heart of Siberian sturgeon fingerlings (Aci-
penser baeri) kept in sublethal concentrations of heavy metal salts consisting of HgCl2 (3µg/l),
CuSO4 (15µg/l) and CdNO3 (30µg/l) were estimated at 15-17°C for 60 days. The highest reaction
to toxicants based on the average level of lysozyme was recorded in spleen. In liver, increase in
the level of lysozyme through 7 and 14 days exposure was also marked, but it was significant
only in the presence of Hg ions. Similar reaction occurred in tissues of the heart with higher
levels of lysozyme obtained in this organ 14 days after maintaining fish in the toxicants. The
data show that the lysozyme content in tissues of sturgeon were variable and the fluctuations
were defined by duration of exposing fish to toxicant, nature of toxicant and structural organi-
zation of the examined organs.

Introduction
Much attention has been given to study of the
properties of lysozyme as it is one factor of
natural resistance or innate immunity in fish
(e.g. Lindsay, 1986; Studnicka et al., 1986;
Siwicka & Studnicka, 1987; Grinde, 1989; Lie
et al., 1989; Lukianenko, 1989; Itami et al.; 1992;
Yousif et al., 1994; Yano, 1996; Vihman, 1996).
A major source of interest in this immunologi-
cal factor is that lysozyme has a wide spec-
trum of biological influences including anti-
bacterial action by destroying the peptidog-
lycan layer of bacterial cell walls, stimulation
of phagocytosis and antibody producing func-
tions of immunocompetent cells, participat-
ing in the regulation of processes of differen-

tiation and proliferation of cells, virucidal ac-
tivity (Chernushenko & Kogosova, 1987), and
initiating the synthesis of both normal, and
immune antibodies through stimulating of
other factors such as complement (Paster &
Ovod, 1989). Studies on the activity of this
enzyme in Acipenseridae have generally been
performed in adult fish and are limited to
determination of its location in various tissues
and establishment of specific, seasonal and
annual differences in its level (Lukianenko,
1989; Kazinenko et al., 1999; Mikriakov et al.,
2001). However, limited data are available
concerning the regulation of this enzyme by
Acipenseridae in response to unfavourable
environmental conditions, or its role in patho-
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logical and adaptative processes under such
stresses. The aim of present study was to
evaluate the effects of sublethal concentra-
tions of some heavy metal salts consisting of
mercuric chloride (Hg), cadmium nitrate (Cd),
and copper sulphate (Cu) on the content of
this enzyme in tissues of spleen, liver and
heart of fingerlings of Siberian sturgeon (Aci-

penser baeri) following chronic exposure.

Materials and Methods
Fish.
Sturgeon fingerlings (Acipenser baeri) weigh-
ing 11.4g (average weight) from Volga river
fish farms were used for the experiments. The
fish were acclimatized to laboratory condi-
tions for 14 days in 250L fibreglass tanks with
aeration. The fish were fed with fresh minced
fish and the water temperature was main-
tained at 15-17°C.

Application of toxicants
The tests were conducted in 250L aquaria con-
taining 30 fish in each aquarium with satu-
rated oxygen. Fish were exposed to the heavy
metal salts at sublethal concentrations (one
tenth of 96-hour LC50 for each toxicant). The
toxicants consisting of mercuric chloride (Hg),
copper sulphate (Cu) and cadmium nitrate
(Cd) were added to aquarium water at con-
centrations of 3µg/l, 15µg/l and 30µg/l, re-
spectively for 60 days. The concentrations of
the various toxicants concentrations was de-
termined by the method of Vinogradov and
Tagunov (1989). Throughout the experiment
water temperature was maintained at 15-
17°C, pH 7-7.5, dissolved oxygen 10mg/l and
one complete water exchange per day (flow
approx. 1 L per hour). Control groups were
kept in clean water.

Sample collection and lysozyme assay
Samples were collected on following 7, 14, 30
and 60 days exposure to the toxicants. Five
fish were sampled for each toxicant at each
sample point. Tissues of spleen, liver and
heart were obtained by dissecting fish follow-
ing euthanasia by a sharp blow to the head.
Weighed amounts (< 1.0 g) of tissue samples
were homogenized with one part (W/V) of
sodium phosphate buffer (PBS)(0.004M, pH
6.2), incubated at room temperature for one
hour then subject to three cycles of freeze-
thaw to extract additional lysozyme from the
samples. The samples were then centrifuged
at 7000 x g for 30 minutes and the superna-
tants were retained for lysozyme assay. Lys-
ozyme level in tissue samples was determined
by the turbidimetric assay according to the
method described by Ellis (1990) with some
modifications. Aliquots (1.75ml) of Micrococ-

cus lysodeikticus suspension (0.375 mg/ml
0.05M sodium phosphate buffer, pH 6.2) was
mixed with 250 µL of each sample and the
optical density was measured after 15 and 180
seconds by spectrophotometer (KFK-3, Rus-
sia) at 670nm wavelength. PBS was used as
the blank and results were expressed in
amounts of lysozyme (µg) per one milligram
of tissue sample calibrated using a standard
curve determined with hens egg white lys-
ozyme in PBS.

Results
The results are shown in Table 1. The highest
reaction to toxicants based on the average
level of lysozyme was recorded in spleen
(P<0.05) after 7 days of exposure of fish to the
toxicants. However, 14 days following expo-
sure, the level of lysozyme activity had fallen
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back to levels similar to those recorded in con-
trol fish (table 1). In the presence of Hg and
Cu salts, significantly elevated levels were
also recorded after 30 days (P<0.05). An in-
crease in the level of lysozyme in liver tissue
was only recorded following 7 and 14 days of
exposure to Hg (P<0.05), but not following
exposure to cadmium or copper salts, and the
level of lysozyme in liver in all experimental
fish groups was almost identical to those of
control fish after 30 and 60 days of exposure.
A similar response was recorded in heart tis-
sues, with significant differences in level of
lysozyme in this organ only recorded follow-
ing14 days exposure to toxicants (P<0.05). In
the case of Cu ions the level of lysozyme was
also elevated after 7 days exposure. No sig-
nificant difference in lysozyme level was re-
corded in heart tissues compared to controls
following 30 or 60 days exposure to the toxi-
cants (P>0.05). The level of lysozyme in each

individual organ of control fish did not
change significantly throughout the experi-
ments.

Discussion
These data show that the level of lysozyme in
tissues of Siberian sturgeon fingerling changes
under influence of these heavy metal ions. The
concentration of the enzyme in tissues is de-
fined by structural and functional organiza-
tion of examined organs, duration of exposure
to toxicants and the chemical nature of the
toxicants. In homogenates from spleen, which
basically contains cells of the lymphoid mac-
rophages system, the level of lysozyme was
higher than in homogenates of both liver and
heart muscles.

The sturgeons spleen is an organ of haemo-
genesis containing sizeable regions of adenoid
tissue rich in neutrophils and macrophages.
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Table 1. Levels of lysozyme (µg/mg of tissue) in spleen, liver and heart of sturgeon fingerling (Acipenser
baeri ) exposed to heavy metal salts (Hg, Cd and Cu ) at 15-17 °C. (n=5, Mean ± Standard error). NT= not
tested, *Values are significantly different from control.
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Here, lysosomes containing lysozyme can act
in the blood or intercellular spaces of the tis-
sue following their destruction, possibly un-
der the influence of stressor-localized factors
as reported in mammals (Clawson et al., 1966;
Fange, 1984; 1986; Weeks et al., 1989; Florensov
& Pestova, 1990; Zapata et al., 1996). In mam-
mals, during periods of high stress, lysosome
exocytosis from macrophages and neutrophils
can be varied by action the of stress hormones,
in particular hydrocortisone (Mock & Peters,
1990). The present results suggest that the re-
lease of varying amounts of lysozyme in re-
sponse to toxic stress, possibly mediated via
hydrocortisone, may also take place in fish.
The strong reaction in spleen tissue in re-
sponse to toxicants in water is not surprising;
the rise in the levels of lysozyme in spleen tis-
sues of fish may be due to increasing number
of lysozyme producing cells of the myeloid
tissues, in particular non-segmented and seg-
mented neutrophils. This is supported by the
change in appearance of leucocytes in Sibe-
rian sturgeon blood exposed to heavy metals
(Mikriakov & Lapirova, 1997). Furthermore,
the higher level of lysozyme in spleen tissues
following 7 days of exposing sturgeon to all
three heavy metals ions may be indicative of
an increase in the percentage of segmented
forms of neutrophils in the blood (unpub-
lished data). Therefore, we may assume that
an increase in the number of mature neu-
trophils containing high levels of lysozyme
occurred in the spleen of fish during the ini-
tial stage of the experiments.

Fish liver has various immunological func-
tions associated with detoxification and neu-
tralization of both exotoxicants and
endotoxicants originating from various

sources, including environmental pollution
and pathogenic parasites. Significant differ-
ences in the concentrations of lysozyme were
not observed between control fish and fish
exposed to Cd and Cu salts. However, Hg ions
significantly increased levels of lysozyme af-
ter 14 days exposure. It has been shown that
Hg ions in fish accumulate in the parenchy-
mous organs which include the liver
(Suhachev et al., 1989). Therefore, it is possi-
ble that Hg ions at 3µg/l cause changes in
liver tissue initiating an inflammatory proc-
ess accompanied by migration of neutrophils
and macrophages containing high levels of
lysozyme.

In chondrostei fish which include the
Acipenseridae, lymphomyeloid tissue is
present in the pericardiac organ and the vari-
ous stages of cellular differentiation includ-
ing macrophages and neutrophils localized
around the atrium and ventricle have been de-
scribed previously (Fange, 1984, 1986;
Galaktionov, 1995). Therefore, such lymphoid
nodes are capable of mounting immunologi-
cal responses including development of
lysosomes containing lysozyme. Thus, in this
study, a significant increase in the level of lys-
ozyme in heart was recorded in all 3 experi-
ments after 14 days of exposing fish to the
toxicants.

It is probable that the changes in the quanti-
ties of lysozyme reflect a general adaptation
to stress. The change in concentration of lys-
ozyme in the tissues of the spleen in particu-
lar support this phenomenon. The difference
in the level of lysozyme in the spleen and the
nature of the fluctuations in its concentration
at different stages of the experiment compared
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with those in liver and cardiac muscles may
not only  be due to differences in structural
and functional organization, but also in the
proportion of cells of the particular organ in-
volved with detoxification and neutralization
of toxicants in the fish. Similar changes in con-
centrations of lysozyme to various stress fac-
tors have been also noticed by other authors
in the tissues of nephrons, spleen, liver and
serum of sterlet (Acipensre rutheneus) species
after a parenteral injection of inactivated
Aeromonas punctata (Lukianenko, 1989). How-
ever Fletcher (1986) reported a decreasing
level of serum lysozyme of flounder follow-
ing exposure of fish to sublethal concentra-
tions of inorganic Hg. Mock et al. (1990) con-
cluded that the activity of this enzyme reflects
the modulatory action of the protective sys-
tem of the organism, depending not only on
the nature, but also concentration or strength
of stress factor. Therefore, weak influences, for
example 30-minute handling can cause both
decrease and increase in the level of serum
lysozyme, while a strong stress, for example
the acute exposure of fish to NH4

+ ions, con-
siderably reduces the level of this enzyme
(Mock et al., 1990). Therefore, the comparison
of these data on concentrations of lysozyme
in organs of fish corroborates that lysozyme
level is dependent on the impact of various
factors.

Thus, the results of this study show that Sibe-
rian sturgeon fingerlings react to sublethal
concentrations of Cu, Hg and Cd salts by in-
creasing the level of lysozyme in tissues of
spleen, heart and liver. More acute response
occurs in the lymphoid macrophage system
i.e. spleen than organs not having dense re-
gions of adenoid tissue e.g. heart and liver.
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