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1. Introduction

   Reproduction of many commercially valuable species of fishes due 
to a number of reasons has suffered an essential decrease. Due to this 
reason, they try to achieve the increase in population of this or that 
fishes species through receipt of young fishes in factory conditions 
and subsequently they are released into natural conditions. In this 
method, spawners as a rule are captured in nature, delivered to factories 

and kept in artificial conditions. It is shown that such procedures 
cause stress in fishes which is followed by changes in parameters of 
their neuroendocrine systems[1-8], carbohydrate[2-5,7-11], protein[12] 
and water-salt exchange[4,11,13-25]. In condition of stress, spawners’ 
synthesis of gonadotropic hormone and sex steroid concentration of 
17,20β-dihydroxy-4-pregnen-3-one decline reproductive function[6,26-

31]. In captivity, spawners of many fish species can not make the 
transition from maturity Stage IV to V. To understand the reasons of 
this phenomenon, it is necessary to study the processes which fishes 
experience in prespawning period during maturing of reproductive 
products in natural environment on breeding ground and in reply to 
catching, transportation and keeping of spawners in artificial conditions.
   This study presents the dynamics of H2O, Na, K, Ca and Mg content 
in the oocytes of bream, Abramis brama studied in prespawning period 
on breeding ground and in reply to catching, transportation and the 
subsequent remaining of spawners in a cage.

ARTICLE INFO                              ABSTRACT

Objective: To study the dynamics of H2O, Na, K, Ca and Mg content in the oocytes of bream, 
Abramis brama observed in prespawning period on breeding ground and in reply to catching, 
transportation and subsequent remaining of spawners in a cage.
Methods: For research on the dynamics of H2O and cations content in the oocytes of bream 
females, Abramis brama in the course of eggs transition from maturity Stage IV to Stage V, fishes 
were caught from breeding ground in the coastal zone of the Volga Reach of the Rybinsk reservoir 
at the Vereteya Station. For studying the influence of stress, the bream (76 individuals) were caught 
from breeding ground by hauling the seine during 15 min. Capture, sorting and transportation for 3 
h to the ponds were the stress factors. Samples of oocytes from 6–8 fishes were taken immediately 
after capturing, then two more were taken during transportation. Later fishes were removed from 
the cage in certain time intervals. Concentration of Na and K in the dissolved samples of oocytes 
was measured by the spectrometer (Flapho-4, Carl Zeiss, Iena, Germany) and content of Ca 
and Mg was measured by atomic-absorption spectrometer-1 (the same producer).
Results: In natural conditions before spawning in the course of maturation of oocytes from 
maturity Stage IV to V, H2O content in the ovicells of bream has increased by 3.3% and 
concentration of Na, K, Ca and Mg has decreased by 24.9%, 38.1%, 56.2% and 65.7%, 
accordingly. Stress caused by capturing, transportation and the subsequent remaining of bream 
spawners in a cage did not change parameters of water-salt exchange of the oocytes.
Conclusions: In natural conditions before spawning, the maturation of oocytes of bream 
from maturity Stage IV to V take place. Stress caused by capturing, transportation and the 
subsequent remaining of bream spawners in a cage prevents the transition of eggs from 
maturity Stage IV to V. It is suggested that in order to develop optimal technique stimulating 
oocytes maturation and the process of ovulation in industrial conditions, study of these reactions 
of spawners of one or another species in natural environment is preferentially conducted. 
Conditions of incubation and combination of hormonal preparations selected on the basis of these 
data should invoke similar effects as the ones spawners experience in natural habitat.
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2. Materials and methods 

   For research on dynamics of H2O and cations content in the oocytes 
of bream females, Abramis brama in prespawning period, fishes were 
caught from breeding ground in the coastal zone of the Volga Reach 
of the Rybinsk Reservoir at the Vereteya Station. Data regarding roach 
was published earlier[32]. For studying the influence of stress, the 
bream [76 individuals; the weight of (1 162 ± 44) g] was caught from 
breeding ground in the Volga Reach of the Rybinsk Reservoir at the 
Vereteya Station by hauling the seine during 15 min. Capture, sorting 
and transportation for 3 h to the ponds of experimental base (Sunoga) 
of Institute of Biology of Internal Waters were stress factors. Such 
procedures were inevitably present in research work and aquaculture. 
Samples from not less than 6–8 fishes were taken immediately after 
capturing, then two more were taken during transportation. Later fishes 
were removed from the cage in certain time intervals. Fish bodies were 
placed in polyethylene packages and put in thermostatic boxes with ice. 
Cooled fish bodies were delivered to the laboratory where they 
were weighed and opened and a sample of oocytes weighing of 
120–150 mg was taken from the middle part of the ovary. Samples of 
eggs were placed on the decalcified paper and weighed by the laboratory 
weigher (VLR-200) with the accuracy of 0.05 mg. Afterwards, samples 
were kept for about 1 week at room temperature. Then they were dried 
at 105 °С up to constant mass. Dried samples were placed in teflon cups 
with added 2 mL of the concentrated nitric acid and were evaporated on 
electric cooker up to carbonization. Afterwards, bidistilled water was 
added in teflon cup with the quantity necessary to delude the substance 
500 times as calculated from the mass of crude tissue.
   Concentration of Na and K in the dissolved samples was measured 
in air-propane flame by the spectrometer (Flapho-4, Carl Zeiss, Iena, 
Germany) and content of Ca and Mg (absorptive mode in air-acethylene 
flame) was measured by atomic-absorption spectrometer-1 (the same 
producer). The water content was calculated as the difference between 
wet and dry weights of eggs and were expressed in percent of total wet 
weight. In the oocytes, Na, K and Mg ions were dissolved in water, 
therefore, concentration of these cations was calculated as per 1 kg of 
water. Ca ions in caviar were connected with proteins[32]. Therefore, 
content of Ca in oocytes was calculated as per 1 kg of dry mass. The data 
were presented as means and errors of means. Accuracy of differences 
was evaluated with the help of Student’s factor at significance level P < 
0.05.

3. Results

   In natural conditions, content of H2O in the oocytes of female bream 
and roach spawners with ovary maturity Stage IV in prespawning period 
was regulated at certain stable levels (Table 1). Shortly before spawning, 
(24–72 h) content of H2O in the oocytes of bream increased by 3.3% 
and by 3.4% in the oocytes of roach. In the course of maturation of 
oocytes from maturity Stage IV to V, concentration of Na, K, Ca, Mg 
in the ovicells of bream has decreased by 24.9%, 38.1%, 56.2% and 
65.7%, accordingly. At transition to maturity Stage V, content of Na in 

the oocytes of roach increased by 44.6%, whereas levels of K, Ca and 
Mg did not change.
   Stress caused by capturing, transportation and the subsequent 
remaining of bream spawners in a cage did not change parameters of 
water-salt exchange of the oocytes, preventing their transition from 
maturity Stage IV to V (Figure 1).
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Figure 1. Dynamics of H2O, Na, K, Ca and Mg content in the eggs 
of bream at maturity Stage IV in reply to catching, transportation and 
subsequent holding of spawners in a cage. 

4. Discussion

   It is stated that degree of oocytes watering before ovulation of 
the fishes spawning caviar in fresh and saltish water is at a lower 
level than of those spawning in the sea environment[33]. Shortly 
before spawning, content of water in the oocytes of bream increased 
by 3.3% and by 3.4% in the oocytes of roach. Concentration of 

Table 1 
Dynamics of H2O, Na, K, Ca and Mg content in the oocytes of bream and roach during transition of gonads maturity from Stage IV to stage V in natural 
conditions. 

Date n Stages Н2О (%) Na (mmol/kg Н2О) K (mmol/kg Н2О) Mg (mmol/kg Н2О) Ca (mmol/kg dry 
weight)

Bream 25.04.1990   7 IV 67.1 ± 0.5 54.6 ± 4.0   95.9 ± 6.9 14.1 ± 1.8  7.6 ± 0.9
03.05.1990 11 IV 67.0 ± 0.3 53.0 ± 3.1   96.8 ± 4.8 13.7 ± 1.3  7.3 ± 0.7
08.05.1990   6 V   69.3 ± 0.6**  39.8 ± 4.6*     59.9 ± 8.3**     4.7 ± 1.0**     3.2 ± 0.7**

Roach[32] 03.05.1988   6 IV 65.4 ± 0.3 58.1 ± 2.9   94.7 ± 4.1 16.1 ± 1.3 19.6 ± 2.2
05.05.1988 11 IV 66.0 ± 0.3 57.0 ± 1.6   98.9 ± 2.3 14.5 ± 1.0 16.6 ± 1.7
06.05.1988   5 V   67.6 ± 0.2**   82.4 ± 3.3** 100.8 ± 2.0 12.9 ± 0.9 15.6 ± 1.5

*: P < 0.05; **: P < 0.01, differences between the maturity Stage IV and V.
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water in the oocytes of sea halibut (Hippoglossus hippoglossus) 

raised before ovulation by 42.9% at the average and the oocytes of 
common killifish (Fundulus heteroclitus) raised by 90%[34,35]. The 
oocytes of black sea bass (Centropristes striata) at the final maturing 
stage increased their volume more than 3 times within 24 h due to 
water inflow[36]. The comparison shows that in oocytes of the sea 
fish, watering degree is considerably higher than in the oocytes of 
freshwater bream and roach. Water level in the oocytes of leopard 
frogs (Rana pipiens) spawning caviar in fresh water environment 
increased before spawning by 32%[37]. It is obvious that such rate of 
oocytes watering is characteristic for caviar of the sea fish species. 
Apparently, degree of oocytes watering depends not only on salinity 
of environment but also on taxonomic location of species. For 
various animal species, watering of oocytes before ovulation is a 
universal process, indicating readiness of breeders to spawn.
   The reasons of oocytes watering before ovulation are connected 
with receipt of inorganic ions, accumulation of peptides and free 
amino acids resulted from yolk hydrolysis[33].
   In natural conditions during transition of oocytes from maturity 
Stage IV to V, the content of cations in eggs of bream decreased. 
Lowering of ions level in oocytes was followed by the decrease 
of osmotic concentration and therefore prevented the watering of 
oocytes. Increase of H2O content in oocytes of bream in the transition 
from maturity Stage IV to V is possible only if concentration of free 
amino acids by means of hydrolysis of yolk proteins is increased. At 
the same time, gain of amino acids should additionally compensate 
outflow of ions from oocytes.
   Feasibility of such mechanism is indicated by the data on Ca. 
A number of researches show that concentration of free Ca ions 
in cytosol of oocytes of different animal species is extremely low 
(0.1–0.4 micromol/L)[38-44]. General concentration of Ca in oocytes 
of bream and roach is tens of thousands of times higher than free 
ions. It shows that almost all Ca ions in oocytes exist in the form 
linked with organic substances and only insignificantly small part is 
dissolved in the water phase of eggs.
   At the transition of oocytes from maturity Stage IV to V, content 
of Ca in oocytes of bream has decreased for more than 2 times. 
Extremely low share of free Ca ions is not sufficient to support a 
process of such essential decrease. Consequently, the loss of Ca 
from oocytes of bream occurred by means of the part of ions linked 
with yolk proteins. Ca ions linked with proteins cannot be extracted 
from the oocyte. For this purpose, they should be transferred into 
free form. It is proven for a number of fish species that at transition 
of oocytes from maturity Stage IV to V, hydrolysis of yolk proteins 
takes place resulting in essential increase of the content of free 
amino acids[45-48]. This results in growing of osmotic concentration 
cause inflow of water into the oocyte. At transition of bream oocytes 
from maturity Stage IV to V as a result of protein hydrolysis, Ca ions 
were transferred to a free form and ousted from the oocytes. It is 
known that high levels of free Ca ions in cytoplasm of various types 
of cells destroy cytoskeleton and cause death[49,50].
   At transition to maturity Stage V, content of Na in the oocytes of 
roach increased whereas levels of K, Ca and Mg did not change. 
Watering of the oocytes of roach is caused by the increase of osmotic 
concentration due to the raised level of Na in eggs. Constant content 
of Ca during maturing of the oocytes of roach indicates that there is 
no process of yolk proteins hydrolysis.
   The period of transition of oocytes from maturity Phase IV to V 
is very quick and registering this process in field conditions is very 
difficult. In this connection, studies in this sphere are usually carried 
out in laboratory conditions applying the method of hormonal 
injections in vivo or incubation of oocytes in solutions with different 
hormones in vitro.
   Before ovulation, intracellular concentration of Na raised to a 
certain level in the oocytes of starfish (Astropecten aurantiacus), 

black sea bass, common killifish and leopard frog[35-37,51]. Increase 
of Na concentration in oocytes at transition from maturity Phase IV 
to V facilitates the penetration of water into oocytes causing increase 
of their volume. Similar mechanism is discovered in adaptation of 
fishes to lack of oxygen in the water. It is shown that in condition 
of hypoxia and rise of outside temperature, increase of Na ions 
level accompanied by water absorption occurs in erythrocytes[52-

55]. Consequently, the volume of erythrocytes increases resulting in 
increase of their oxygen bearing volume due to additional capture 
of oxygen[56]. It is believed that increase in the content of Na ions in 
erythrocytes in condition of adapting of fishes to lack of oxygen is 
connected with amplification of activity of Na+/H+ transporter[52,53]. 
Perhaps, this ionic pump also participates in increasing concentration 
of Na ions in oocytes during their transition from maturity Stage 
IV to V. To prove this, additional studies of oocytes in vitro are 
necessary.
   The literature data concerning changes of K ions level in the 
oocytes of various species at the final stage of maturing also differ 
from each other. The same as of roach in the oocytes of leopard 
frog before ovulation changes in the content of K ions was not 
observed[37]. In other researches at the finishing stage of ovary 
maturing, the level of K ions raised in the oocytes of black sea 
bass, common killifish[35,36]. Increase of osmotic concentration in 
maturing eggs was happening simultaneously with changing of the 
level of K ions in oocytes[35]. Authors have drawn a conclusion that 
water inflow into maturing oocytes of common killifish is connected 
with entering of K ions into eggs.
   Before ovulation in the oocytes of leopard frog, the level of linked 
Ca increased 18 times and the share of free ions reduced by 40%[37]. 
It shows that oocytes receive Ca proteins linked with ions from the 
liver. Observed watering of oocytes of this species was caused by the 
increase of the Na ions content. 
   In the oocytes of black sea bass at the final stage of maturing 
by means of protein proteolysis concentration of free amino acids 
increased 10 times[36]. Degree of proteolysis of yolk proteins 
precisely correlates with the rate of oocytes hydration[35]. It is shown 
that water inflow into oocytes during final maturing occurs through 
special water channels (aqua pores) which are discovered in the egg 
shell[57].
   Thus, during the transition of fish oocytes from maturity Stage 
IV to V, content of water increases to a certain level by means 
of receiving Na or K ions or because of yolk proteins hydrolysis 
resulting to increased concentration of peptides and free amino acids. 
It is not clear how observed distinctions are defined. For finding it 
out, further research is required.
   In the oocytes of bream after its catching, transportation 
and subsequent remaining in a cage change of H2O and ions 
concentration were not observed preventing oocytes transition 
from maturity Stage IV to V. In condition of stress, the process of 
oocytes maturing is detained. As a result, reproductive products of 
breeders in captivity do not reach spawning stage of maturity V. It 
can be assumed that in condition of stress, function of hypophysis 
and gonads is depressed which results in the decrease of 17,20β-
dihydroxy-4-pregnen-3-one of sex hormone concentration in blood 
plasma[6,26,27]. Normal concentrations of 17,20β-dihydroxy-4-
pregnen-3-one hormone, which promote final oocyte maturation 
rapidly increase just prior to ovulation and spawning, and remain 
elevated throughout the duration of spawning activity[58-60]. Watering 
of the oocytes of loach and sturgeon fishes was stimulated in vitro 
by combining influence of progesterone and chorial gonadotropin on 
follicles[61,62].
   Nowadays, the methods of hypophysial and hormonal injections 
are widely used in fish-breeding for stimulation of oocytes 
maturing and ovulation process[63-69]. It is shown that the result 
depends on conditions of incubation and application of hormonal 
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preparations[61,62]. It is required to search optimal methods to 
stimulate maturing of oocytes and ovulation process in industrial 
conditions. In our opinion for this purpose, it is necessary to start 
with studying these reactions of breeders of this or that species in 
natural conditions. Then, on the basis of received data, incubation 
conditions and combination of hormonal preparations can be 
selected in such a way that they activate similar effects which 
breeders experience in natural environment. In this case, receipt of 
the best quality reproductive products can be expected.
   In natural conditions before spawning in the course of maturation 
of oocytes from maturity Stage IV to V, water content in the ovicells 
of bream has increased by 3.3% and concentration of Na, K, Ca, 
Mg has decreased by 24.9%, 38.1%, 56.2%, 65.7%, accordingly. 
Stress caused by capturing, transportation and the subsequent 
remaining of bream spawners in a cage did not change parameters 
of water-salt exchange of the oocytes preventing their transition 
from maturity Stage IV to V. It is suggested that in order to develop 
optimal technique stimulating oocytes maturation and the process 
of ovulation in industrial conditions, study of these reactions 
of spawners of one or another species in natural environment is 
firstly conducted. The conditions of incubation and combination of 
hormonal preparations are selected so that they invoke similar effects 
as the ones spawners experience in natural habitat.
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