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INTRODUCTION 

One of the most urgent issues of � sheries in Ukraine 
is enhancing the ef� ciency of restoring populations 
of aborigine, unique, endangered and economically 
valuable species of � sh. In order to achieve this, 
there is a de� nite need of full scale growing of these 
species under arti� cial conditions and the develop-
ment of aquaculture as an agro-industrial sector us-
ing low-cost and ef� cient technologies. A popular 
trend to improve and increase or save gene pools 
of � sh populations is arti� cial fertilization. One of 
the decisive factors in the ef� ciency of arti� cial 
fertilization is improving the methods of long-term 
preservation of � sh sperm at low temperatures (cryo-
preservation).

Moreover, the presence of genetically representative 
collections of � sh genomes from female populations in 
sturgeon � sh-breeding complexes from natural popula-
tions in a cryobank ensures the preservation of genetic 
biodiversity of these species for the environment and 
industry.

The technology of preserving and using the fro-
zen sperm of rare and endangered � sh has long been 
worked out [1, 2]. But many of its negative impacts 
on sperm have not been fully overcome yet. Freez-
ing without cryoprotectant compounds added to the 
freezing medium causes considerable structural and 
biological defects of sperm cells. These defects lead 
to the impairment of permeability of plasmatic mem-
branes and the release of some enzymes and other 
relevant metabolites of cellular exchange from sperm 
cells with an often considerable decrease in fertility 
of sperm [3].
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Aim. To investigate the impact of low temperatures on the lipid composition of reproductive cells of male 
sterlets (Acipenser ruthenus L.) in a deep-freezing environment. Methods. The determination of sperm quality 
(color, consistence, concentration, and motility of spermatozoa) was estimated by common biochemical 
methods and light microscopy using standard equipment. Thin-layer chromatography was used to reveal � ve 
fractions of neutral lipids in the sperm of sterlet (Acipenser ruthenus L.) from three different river regions viz. 
Danube, Dnipro, and Volga. All lipid fractions (phospholipids, cholesterol, free fatty acids, triacylglycerol 
and ethers of cholesterol) showed a mean lower percentage (70, 12, 10, 5 and 3 %, respectively) for the three 
sterlet populations. Motility was also severely impaired (with a mean c. 50 %). Results. The impact of low 
temperatures on the lipid composition of reproductive cells of male sterlets (Acipenser ruthenus L.) in a deep-
freezing environment leads to substantial changes therein. Conclusions. The impact of low temperatures on 
the lipid composition of reproductive cells of male sterlets (Acipenser ruthenus L) in cryopreservation 
environment leads to impairments of the phospholipid bilayer of their membranes. It was established that 
during the thawing of frozen sperm cells which preserved their viability after cryopreservation their motility 
and capability of fertilizing an ovum were somewhat restored with slowing down of sperm cell motility.
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The ef� ciency of the technology of cryopreserving 
sperm of male sterlets and its impact on the lipid com-
position of this sperm is presently not well known.

Our study tries to � ll this gap, possibly allowing de-
termination of new ways to enhance the viability and 
biological full-value of sterlet sperm cells during short- 
and long-term storage in deep-frozen state.

MATERIALS AND METHODS

The samples originated from the sperm of sterlet 
(Acipenser ruthenus L.), obtained from Danube, Dni-
pro, and Volga populations during the spawning cam-
paign.

Ten samples were taken from each river population, 
deep-frozen and studied at the specialized � shery of 
Vilkove, Odesa Sturgeon Complex LLC and the Bio-
technology laboratory of the Institute of Fisheries, 
NAAS.

Sperm quality was determined visually using a light 
microscope Biolam D-13 (Russia). Sperm appearance 
(color, consistency) was determined as well as its con-
centration using Goryaev’s chamber (equivalent of a 
haemacytometer), and their lifetime using a stop-watch. 

Freezing/thawing of sterlet sperm samples was con-
ducted by the methods, commonly used in cryobiolo-
gy [4]. Cryopreservation and defrosting of sperm was 
conducted in glass ampules according to the method, 
described by Lunev in 2009 [5], using methyl alco-
hol instead of the traditional dimethyl sulfoxide. This 
method was implemented via diluting (1:1) the sperm 
prior to freezing with a cryoprotecting solution, con-
taining saccharose 14.6 mM, potassium chloride 13.4 
mM, and methanol 3.73 M with subsequent liquid ni-
trogen vapor freezing. The diluted sperm was frozen 
in two stages: the � rst one – from 5 °� till – 15 °� 
with the rate of 2–3 °� min-1; the second one – 15–70 
°� with the rate of 15÷20 °� min-1, with subsequent 

slow submerging into nitrogen till 196 °�. Changes 
in temperature in the samples were registered by a 
chromel-copel thermocouple using the multimeter 
��890G (MAXTECH company, Canada) with 0.2 °C 
precision. To thaw the ampules, the latter were trans-
ferred to a water bath kept at 38–40 °�, stirring the 
water constantly to enhance heat exchange until the 
liquid phase and controlling the temperature in the 
thawed samples to be in the range of 18–23 °�. The 
thawed sperm was activated with pond water. The 
preservation of sperm was checked in each sample at 
least three times with the determination of mean val-
ues. Motility of sperm cells at different stages during 
the preservation process was determined visually with 
20-fold magni� cation. Total lipids in the ejaculate 
were separated by micro-thin-layer chromatography. 
The lipids from sterlet ejaculate were extracted with a 
chloroform-methanol mixture (2 : 1). The separation 
of lipids into fractions was performed on the plates 
with a thin silica gel layer (LS 5/40, Czech Republic) 
in the following system of solvents : hexane: diethyl 
ether : glacial acetic acid (85 : 15 : 1). Chromatograms 
of speci� c fractions of lipids were developed in io-
dine vapor using the method of Maksymenko [6]. Lip-
id extraction was performed by the method of Folch 
[7]. Protein concentration was determined according 
to the Lowry method [8]. The adaptive capacity of 
sperm was estimated via determination of the per-
centage of spermatozoa survival immediately prior to 
and after cryopreservation [9]. Statistical analysis was 
performed using Student’s t-criterion and the package 
of applications for processing medical and biological 
information – Statistica 6.0 (StatSoft, Inc., USA) for 
Windows [10].

RESULTS AND DISCUSSION
The obtained results of sterlet sperm activity pri-

or to and after cryopreservation demonstrate high 
quality of native sperm and its considerable (up to 

Table 1. Characteristics of sterlet sperm (Acipenser ruthenus L.) prior to and after cryopreservation (� ± m, n = 5)

� � 0.05; (M ± m, n = 5) from each population.

Sterlet 
populations

Sperm 
concentration 

mln/mm3

Duration 
of motility of 
native sperm 

cells, min

Duration 
of motility of 
thawed sperm 

cells, min

Percentage of sperm cells, preserving 
their motility before and after freezing 

in liquid with cryoprotectants, %

native thawed

Danube
Dnipro
Volga

0.93 ± 0.018
0.74 ± 0.026
0.99 ± 0.023

8–10
5–7

7–10

4–6
2–5
3–6

98–100
99–100
99–100

53–55
48–51
55–57
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50 %) deterioration after freezing/thawing, even 
with a cryoprotectant added (Table 1).

The number of mobile gametes after thawing de-
creased to 54, 48 and 56 % respectively. The fact 
that the decrease was not more that 60 % may be 
explained by the presence of a cryoprtectant such 
as methanol, in our freezing medium [11, 12]. The 
mechanisms of energy exchange regulation are 
known for their highest sensitivity to cooling and 
freezing/thawing sperm. Such experimental manipu-
lations with sperm cells of animals lead to changes 
in the organization and integrity of membranes of 
plasmatic and acrosomal membranes, the release of 
enzymes from cells, damage to membrane structures 
of mitochondria and impairing the functioning of the 
respiration chain – separating respiration and phos-
phorylation and increasing the production of damag-
ing free oxygen radicals [13, 14].

Structural defects of the membrane may serve as a 
target point for many agents – osmotic forces, lyotropic 
ions, catalysts, toxins, temperature and other factors, 
leading to secondary biochemical changes [13]. There-
fore, the following stage in our research was to deter-
mine the lipid composition of sperm of sterlet from 
Danube, Dnipro, and Volga populations before and af-
ter freezing.

In our micro-thin-layer chromatography the follow-
ing � ve fractions were recovered and visualized: phos-
pholipids, cholesterol, free fatty acids, triacylglycerol 
and ethers of cholesterol. These compounds are the 
main structural elements of biological membranes, de-
termining the main physical, chemical and functional 
characteristics of membranes of sperm cells [17].

The lipid pro� le of native sperm of different popu-
lations of sterlet (Danube, Dnipro, and Volga popula-
tions) did not show qualitative differences, except for 

the content of cholesterol and its ethers in sterlet from 
the Dnipro population. 

Our study shows that there were impairments of 
the phospholipid bilayer of sperm membranes during 
freezing/thawing. Phospholipids decreased to 34 % in 
sterlet of the Danube population, to 35 % in those of 
the Dnipro population, and to 49 % in those of the 
Volga population as compared to their native sperm 
(Table 2).

The main factor, controlling the � uidity and perme-
ability of the cellular membrane, is cholesterol. When 
the content of cholesterol is increased, the bilayer of 
lipids becomes less � uidal on the external surfaces and 
more � uidal on the internal, hydrophobic layer. It regu-
lates the permeability of cellular membranes, depen-
dent on temperature, and is capable of partial removal 
of the membrane-destabilizing action of lipids in the 
cooling process [18]. As the ratio of cholesterol and 
phospholipids in the sperm cells of � sh is low and cho-
lesterol is asymmetrically located, it is more present in 
the external layer of the membrane than in the internal 
one. Therefore, the internal layer of lipids is rather la-
bile to cold shock [11, 19].

Our experiment showed that the content of choles-
terol decreased from 59.6, 32.1 and 70.4 mg/100 ml 
in the native ejaculate to 23, 11, and 33 % for frozen 
sperm cells of the Danube, Dnipro, and Volga popula-
tions respectively (Table 2).

It is known that cholesterol and phospholipids, as 
structural components of biomembranes, form com-
plexes of different stoichiometry in them, and the ra-
tio of cholesterol and phospholipids (Gyorgyi’s coef-
� cient) is one of the main indices for the degree of 
viscosity (� uidity) or rigidity of biological membranes 
[13, 14]. Gyorgyi’s coef� cient in the sperm of Danube 
and Volga sterlet was 0.14 and in Dnipro sterlet it was 

Table 2. The content of total lipids in sterlet sperm (Acipenser ruthenus L.) prior to and after cryopreservation

� � 0.05; (M ± m, n = 5) from each population.

Indices, mg/100 ml 
of ejaculate

Danube sterlet Dnipro sterlet Volga sterlet

native cryopreserved native cryopreserved native cryopreserved

Phospholipids
Cholesterol
Free fatty acids
Tryacylglycerol
Cholesterol ethers

272.0 ± 0.09
59.6 ± 0.04
33.1 ± 0.02
17.3 ± 0.07

20.4 ± 0.006

179.6 ± 1.28
25.9 ± 0.05
29.9 ± 0.07

13.7 ± 0.006
8.9 ± 0.003

181.9 ± 0.06
32.1 ± 0.003
39.9 ± 0.005
18.2 ± 0.002
10.5 ± 0.004

117.7 ± 0.008
29.0 ± 0.005
27.4 ± 0.007
13.5 ± 0.005
8.1 ± 0.003

288.2 ± 0.07
70.4 ± 0.005
36.2 ± 0.003
23.1 ± 0.006
26.7 ± 0.005

148.0 ± 0.95
20.9 ± 0.03
14.6 ± 0.02
10.2 ± 0.03
5.9 ± 0.005
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0.25. A low ratio of cholesterol and phospholipids in 
the ejaculate may lead to the impairment of perme-
ability of the cellular membranes and destructive and 
functional changes in sperm which, at the end, leads to 
the decrease in resistance and reproductive capability 
of sperm cells [23, 24].

As for phospholipids and cholesterol, the concentra-
tion of ethers of cholesterol was lower in sperm after 
cryopreservation as compared to the native sperm. It 
is especially true for sterlet of the Volga population, 
where it was 9 % less compared to the native state.

The changes in the ratio of the contents of free and 
etherized cholesterol were also determined. In the 
sperm of sterlet of Danube, Dnipro, and Volga popu-
lations the proportion between the content of free 
and etherized cholesterol was 29, 36, and 35 % lower 
compared to the indices of the control ejaculate. The 
obtained data demonstrate that the level of etherized 
cholesterol in the sperm of sterlet of Dnipro and Volga 
populations was 7 % and 6 % higher respectively as 
compared to the Danube population.

Our experiment established furthermore that the 
level of free fatty acids in the sperm of the three pop-
ulations of sterlet was 11, 14.5, and 25 % lower as 
compared to the sperm which was not subject to cryo-
preservation.

It should be noted regarding the determined regu-
larities of the content of free fatty acids that their 
special composition of cellular membranes of the 
sperm of sturgeons with prevailing essential shares 
of unsaturated fatty acids, which are predecessors of 
eicosanoids (prostagladins, thromboxanes, and leu-
kotrienes) and play the role of bioregulators of many 
physiological processes in the cell [15, 23], impacts 
the cryoresistance of the cells of these objects and 
requires principally novel approaches to elaborating 
more ef� cient types of cryoprotectors or membrane 
stabilizers.

It was established during the experiment that the 
concentration of tryacylglycerol in the � sh ejaculate 
was lower compared to the native sperm of Danube 
sterlet by 12 %, Dnipro sterlet by 13 %, and Volga 
sterlet by 22 %.

The obtained results indicate the important role that 
lipids of the plasmatic membrane of sperm cells may 
have in the resistance to cooling and the observed 
changes are in good agreement with the � ndings of 
other researchers [11, 13, 14]. It is known that the sen-
sitivity of � sh sperm cells to cold shock changes de-

pending on time and temperature, absence or presence 
of cryoprotectants and the type of cryoprotectant. De-
cisive factors  are the stage of maturity of sperm cells 
and the degree of ejaculate dilution [2, 14, 26]. Further 
studies of interactions between sperm cells and their 
environment during cryopreservation, under different 
temperature conditions and the addition of other cryo-
protectants, are instrumental to have a deeper under-
standing of the ways of preventing or decreasing nega-
tive changes, caused by cryopreservation processes.

CONCLUSIONS

The impact of low temperatures on the lipid composition 
of reproductive cells of male sterlets (Acipenser 
ruthenus L.) in a deep-freezing environment leads 
to substantial changes therein as it does in other � sh 
species. It was established that during the thawing of 
frozen sperm cells which preserved their viability after 
deep freezing, their lipid composition and motility 
were severely impaired. 
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#+��!#�||���` # ��`�+� Q+�+ >* ��*��#+��� + ^����+��� 
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����`. ��*!Q+��� �"��Q+>#.
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