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Abstract
Increasing the efficiency of reproduction of farm animals is possible through the use of progressive cryotechnology.
Numerous studies have been devoted to this problem. However, a significant number of cells do not restore their
functional activity after deconservation, which hinders a fuller use of the genetic potential of high-value breeding
animals. Therefore, the purpose of the research was to determine the optimal technological parameters of
cryopreservation. To achieve the intended goal, experiments were carried out to determine: the optimal rate of cooled
semen up to 4°C, the temperature of the fluoroplastic plate, the duration of cooling of bull sperm after diluting it with
mediums containing various cryoprotective agents. It has been established that when developing new mediums, it is
necessary to use the optimal modes of cryopreservation of sperm of different types of farm animals. The results
presented in this paper allow us to understand that cryotechnologies should be developed taking into account the
features of the frozen object and the physicochemical properties of the components of protective mediums.
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INTRODUCTION

The procedure of sperm preservation differs
among different species due to their inherent
characteristics. There are noticeable species
differences in the size and morphology of
spermatozoa. In addition, there are more subtle
differences in the composition of membrane
phospholipids and sperm metabolism (Barbas
et al., 2009). Despite the species differences,
there are common stages in any sperm freezing
procedure. All technologies include sperm
collection and distribution, the addition of
cryoprotective agents and cooling above 0°C,
freezing below 0°C, storage and thawing
(Curry et al., 1994). At all these stages,
spermatozoa are exposed to a number of
potentially destructive stresses, such as changes
in temperature, osmotic and toxic stresses
caused by exposure to high molar
concentrations of cryoprotectants, as well as the
formation and dissolution of ice crystals in the
extracellular space (Watson, 2000). The
success of cryopreservation depends on the
resistance of spermatozoa to these influences
(Salamon et al., 2000; Watson, 2000).
Mediums, cryoprotectants, optimal cooling and
thawing rates are essential for successful
cryopreservation of sperm (Curry, 2007;

The cryobanks of reproductive cells and tissues
benefits agriculture, livestock programs and
biomedical research (Gunasena et al., 1997).
Cryopreservation may even exclude the need to
maintain a large number of breeding animals,
since the genetic material is still available for
future use. The cryobank of embryos, sperm,
and oocytes is becoming very important both
for reducing maintenance costs and for
improving the dissemination of highly efficient
farm animals (Agca et al., 2005; Oh et al.,
1998).
The development of effective cryoprotective
medium is one of the essential aspects of a
successful solution to the issue of storing
animal semen in a frozen state (Курбатов,
1988; Милованов, 1962; Наук, 1991;
Шапиев, 1998; Balan, 2013; Watson, 1995).
However, an equally important condition is the
development of the optimal parameters of
cooling, freezing and thawing, at which the
protective effect of the components of the
medium is maximally manifested (Борончук et
al., 2003; Наук, 1991; Осташко, 1978;
Шапиев, 1998; Balan, 2013; Roşca, 2000).
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The cooling rate determines whether the cells
remain in equilibrium with their extracellular
environment or become increasingly super
cooled with an increase in the possibility of
intracellular ice formation (Kumar et al., 2003).
The process of cell dehydration that
accompanies slow freezing is potentially
beneficial for cell survival, whereas fast
freezing rates are thought to be more likely to
cause cell death (Watson, 2000).
Freezing cells in medium induces ice formation
in the extracellular space, creating an osmotic
gradient across the plasma membrane between
the initially isotonic intracellular solution and
the frozen extracellular solution. Depending on
whether the cooling rate is high or low, the
intracellular water will either move through the
cell membrane and join the extracellular ice
phase, or freeze and form ice inside the cell,
respectively. In most cases, cells undergoing
the formation of intracellular ice become
osmotically inactive or lysed due to the loss of
the integrity of the cell membrane (Mazur,
1984). Likewise, cells that experience severe
loss of intracellular water also become
osmotically inactive due to prolonged exposure
to high concentrations of solutes (Lovelock,
1953). Thus, too high or too low a cooling rate
can be fatal to the cells. The optimal cooling
rate exists between high and low speeds, which
has been confirmed experimentally for a
variety of celules. The cell survival curve,
constructed as a function of the cooling rate,
has a characteristic inverted U - shape (Mazur,
1972). Too low or too high a given cooling rate
depends on the permeability of the cell
membrane to water and on the likelihood that
any water remaining in the cell at any given
negative temperature will originate and turn
into ice.
In the first series of experiments, the effect of
the bull's semen cooling rate on the motility
and longevity of thawed gametes was
investigated. The cooling of the semen was
carried out in the refrigerator at a rate of 0.52;
0.25
and
0.16°C/min
to
4°C.
As
cryoprotectants were used: acrylamide,
succinamide, glycerin, a mixture of acrylamide
and polyacrylamide, a mixture of dextran,
glycerol and globulin. The results are presented
in Table 1.

Hammerstedt et al., 1990; Mazur, 1984; Purdy,
2006). The composition of medium and the
cooling rate have a significant effect on sperm
viability, and there is a strong interaction
between medium and the cooling rate
(Woelders et al., 1997). If the cooling rate is
lower or higher than optimal, it can cause
irreversible damage of the spermatozoa (Fiser,
et al., 1990; Koshimoto et al., 2000; Mazur,
1970). The optimal cooling rate should be low
enough to allow water to leave the cells to
avoid the formation of intracellular ice, and fast
enough to avoid severe cell dehydration and
cryo-damage (Mazur, 1970).
It is generally accepted that at least 50% of
spermatozoa die during the freezing and
thawing procedure (Watson, 2000), known as
cold shock. Thus it may be necessary to eight
times more cryopreserved sperm compared to
fresh sperm to achieve in vivo fertilization
(Shannon et al., 1995).
Since in previous studies (Борончук et al.,
2003) a number of substances were identified
that quite effectively stabilize the studied
indicators of the functional-biochemical status
of gametes in the process of conservation,
naturally, the question arose about working out
the optimal technological parameters for each
of them.
MATERIALS AND METHODS
Special experimental studies were carried out at
private and state breeding enterprises in
compliance with the proper zoo-veterinary
requirements. In the experiments used the
semen of bulls of Black and White breed, as
well as carp. Freezing of the experimental
material was carried out in the form of open
granules with a volume of 0.1-0.2 ml, in liquid
nitrogen vapor. The temperature was measured
using
a
thermocouple
and
mercury
thermometers.
Statistical processing of digital material was
performed using the Student's t-test.
RESULTS AND DISCUSSIONS
Essential in the cooling mode is the cooling
rate in the critical temperature range, defined as
the range in which the formation of ice crystals
and subsequent dehydration of cells occurs.
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Table 1. Influence of the rate of decrease in the temperature of bull semen from 30°C to 4°C on its quality when using
various cryoprotectants

Acrylamide
Succinamide
Acrylamide +
polyacrylamide
Dextran + glycerol
+ globulin
Glycerol

1
2

Gamete motility (points) after:
Cooling
Thawing
M±m
M±m
0,52°С/min
8.3 ± 0.13
7.7 ± 0.22
3.7 ± 0.37
8.1 ± 0.21
7.6 ± 0.40
3.4 ± 0.21

3

8.1 ± 0.21

7.5 ± 0.35

3.3 ± 0.22

4.0 ± 0.01

4

8.2 ± 0.13

7.8 ± 0.13

4.0 ± 0.17

4.0 ± 0.17

5

8.1 ± 0.11

3.8 ± 0.13

4.0 ± 0.01

Acrylamide
Succinamide
Acrylamide +
polyacrylamide
Dextran + glycerol
+ globulin
Glycerol

1
2

8.3 ± 0.13
8.1 ± 0.21

7.6 ± 0.07
0.25°С/min
7.7 ± 0.40
7.6 ± 0.40

4.0 ± 0.17
3.4 ± 0.27

4.2 ± 0.22
4.0 ± 0.01

3

8.1 ± 0.21

7.3 ± 0.13

3.3 ± 0.13

4.0 ± 0.01

4

8.2 ± 0.13

7.6 ± 0.21

4.3 ± 0.13

5.4 ± 0.27*

5

8.1 ± 0.11

7.7 ± 0.13
0.16°С/min
7.6 ± 0.2
7.5 ± 0.17

4.2 ± 0.13

4.0 ± 0.01

Acrylamide
1
8.3 ± 0.13
3.7 ± 0.33
Succinamide
2
8.1 ± 0.21
3.2 ± 0.33
Acrylamide +
3
8.1 ± 0.21
7.6 ± 0.32
2.8 ± 0.22
polyacrylamide
Dextran + glycerol
4
8.2 ± 0.12
7.7 ± 0.13
4.3 ± 0.13
+ globulin
Glycerol
5
8.1 ± 0.11
7.6 ± 0.11
4.2 ± 0.13
Note: * The differences are statistically significant compared to the first cooling variant.

4.2 ± 0.22
4.0 ± 0.01

Cryoprotectants

Experi
mental
variants

Dilution
M±m

It follows from the table that the change in the
cooling rate within the limits of the speeds used
by us does not significantly affect the motility
and longevity of deconserved gametes (the
exception is the 4th variant of the experiment).
A similar experiment was carried out on carp
semen (Table 2). The cooling conditions are
presented in the table.
deconserved carp semen

Cooling was carried
out using pond water
Cooling was carried
out without using
water
Cooling was carried
out using pond water
and ice

Temperature
decrease rate,
°С/min

Motility of
thawed gametes,
points

0.56

4.7 ± 0.21

0.89

3.7 ± 0.18

1.07

4.2 ± 0.21

4.0 ± 0.01
4.0 ± 0.01

4.0 ± 0.01
5.2 ± 0.22*
4.0 ± 0.01

which can be explained by the conditions of the
experiment, under which the manifestation of a
cold shock is possible (Ostachko et al., 2004).
Further studies were aimed at studying the
effect of the surface temperature of the
fluoroplast plate when freezing the sperm of
breeding bulls in mediums containing various
cryoprotectants on the motility and longevity of
gametes after thawing (Figure 1). The data
presented in figure 1 show that in the case of
dilution of the semen with a medium containing
acrylamide as a cryoprotectant, the protective
properties of this substance are most fully
manifested at a temperature of minus 100120°C, while when using glycerin, the best
results were obtained at a temperature of minus
120°С.
The next important issue that we have studied
is the determination of the optimal duration of
semen cooling at 4°C in the case of using
various cryoprotectants (Figure 2). The
physiological parameters of thawed semen
were studied by cooling it for 0-7 hours with an
interval of one hour. The figure shows the

Table 2. Influence of the cooling rate on the quality of
Experimental
conditions

Longevity of gametes
at 37°C (hour)
M±m

As can be seen from the table, cooling the carp
semen at a rate of 0.56°C/min allows achieving
the highest motility of thawed gametes. An
increase of the cooling rate reduces its quality,
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optimal time for semen cooling in the case of
using various cryoprotectants.

The conducted studies have shown that the
motility of thawed semen reaches its maximum
value after 1 hour of cooling when using
acrylic acid amide in the medium. In the case
of using polyacrylamide and polyethylene
glycol, the motility of gametes after thawing is
higher when they are cooled for 7 and 6 hours,
respectively. When using a cryoprotective
mixture
based
on
acrylamide
and
polyacrylamide, the best motility of the thawed
semen was achieved when cooling lasted 3
hours, and when a cryoprotective mixture based
on acrylamide and polyethylene glycol was
used, the protective effect was most
pronounced after 6 hours of cooling. The use of
glycerin requires 3-4 hours of cooling.
In subsequent experiments was determined the
optimal duration of exposure of bull and carp
semen at 4°C, after reaching its specified
temperature, in the case of using new
cryoprotectants (Table 3).

Figure 1. Influence of the surface temperature of the
fluoroplastic plate on the quality of the bull semen:

Table 3. Optimal duration of exposure of bull and carp

semen at 4°C in the case of freezing it with the use of
various cryoprotectants

A. Motility of gametes after frozen-thawing in a
medium with: —— glycerin; - - - - acrylamide;
B. Longevity of gametes at 37°C, frozen in a medium
with ══ glycerin, acrylamide;
I - 60°С; II - 80°С; III - 100°С; IV - 120°С; V - 140°С;
VI - 160°С

Cryoprotectant
name

Exposure
duration,
min

Thawed semen indicators
Gamete
motility, points
M±m

Bull semen

Longevity, hour
M±m

Acrylamide

0

4.1 ± 0.2

6.4 ± 0.76

Glycerol

60

4.5 ± 0.17

6.0 ± 0.61

Succinamide

40

3.8 ± 0.22

5.8 ± 0.65

Acrylamide +
polyacrylamide

60

4.1 ± 0.21

6.2 ± 0.50

Dextran +
glycerol +
gamma globulin

25

4.7 ± 0.13

7.4 ± 0.80

1,3-Butylene
glycol

5

Carp semen
4.7 ± 0.21

-

It follows from the table that the optimal
exposure for different cryoprotectants is not the
same. Thus, the use of acrylamide as a
cryoprotective agent in the composition of the
medium for diluting and freezing bull semen
makes it possible to exclude the period of its
exposure at 4°C, while the use of glycerol,
succinamide, mixtures of acrylamide with
polyacrylamide and dextran, glycerol with
globulin as a cryoprotectant requires holding
the semen after cooling it to 4°C for 60, 40, 60

Figure 2. Duration of cooling of bull semen at 2-4ºС in
case of using substances tested as cryoprotectants:
I - glycerin; II - polyacrylamide; III - polyethylene glycol
300; IV - acrylamide; V - acrylamide + polyethylene
glycol 300; VI - acrylamide + polyacrylamide
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presented in this article and previously
published works (Борончук et al., 2003; Balan,
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the stabilization of the structural and functional
parameters of gametes during cryopreservation
of animal semen can be ensured by:
maintaining the stability of bonds that
determine intermolecular interactions by using
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new cryoprotectants of both endo- and
exocellular action; polar compounds capable of
forming complexes of membrane components
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potential and modifying biomembranes, as well
as using specific parameters of technological
methods of genome cryopreservation for each
medium component and animal species.

This research work was carried out with the
support of Institute of Physiology and
Sanocreatology and was financed from the
Project 20.80009.7007.25 “Methods and
procedures for maintenance and conservation
of biodiversity depending on the integrity of
gametogenesis and food variability”.
REFERENCES
Agca, Y., & Critser, J.K. (2005). Assisted reproductive
technologies and genetic engineering in rats.
Academic Press, San Diego (CA), 165-190.
Balan, I. (2013). Theory and practice of
cryopreservation of rooster semen in the technology
of reproduction of healthy offspring. Autoref. tez. dr.
hab. şt. biol., Chişinău.
Barbas, J.P., & Mascarenhas, R.D. (2009).
Cryopreservation of domestic animal sperm cells.
Cell Tissue Bank, 10, 49-62.
Curry, M.R., Millar, J.D., & Watson, P.F. (1994).
Calculated optimal cooling rates for ram and human
sperm, cryopreservation fail to conform with
empirical observations. Biol. Reprod., 51, 1014-1021.
Curry, M.R. (2007). Cryopreservation of mammalian
semen. Cryopreservation and freeze-drying protocols,
methods in molecular biology. Humana Press, New
Jersey, 368, 303-311.
Fiser, P.S., & Fairfull, R.W. (1990). Combined effect of
glycerol concentration and cooling velocity on
motility and acrosome integrity of boar spermatozoa
frozen in 0.5 ml straws. Mol. Reprod. Dev., 25, 123132.
Gunasena, K.T., Villines, P.M., Critser, E.S., & Critser,
J.K. (1997). Live Births after autologous transplant of
cryopreserved mouse ovaries. Hum. Reprod., 12,
101-106.
Hammerstedt, R.H., Graham, J.K., & Nolan, J.P. (1990).
Cryopreservation of mammalian sperm: what we ask
them to survive. J. Androl., 11, 73-88.
Koshimoto, C., Gamliel, E., & Mazur, P. (2000). Effect
of osmolality and oxygen tension on the survival of
mouse sperm frozen to various temperatures in
various concentrations of glycerol and raffinose.
Cryobiology, 41 (3), 204-231.
Kumar, S., Millar, J.D., & Watson, P.F. (2003). The
effect of cooling rate on the survival of cryopreserved
bull, ram, and boar spermatozoa: a comparison of two
controlled-rate cooling machines. Cryobiology, 46,
246-253.
Lovelock, J.E. (1953). Haemolysis of human red bloodcells by freezing and thawing. Biochim Biophys Acta,
10, 414-426.
Mazur, P. (1970). Cryobiology: the freezing of biological
systems. Science, 168, 939-949.

CONCLUSIONS
Cryotechnologies should be developed taking
into account the characteristics of the frozen
object and the physicochemical properties of
the components of protective mediums.
Cooling of frozen cells at 4°C is carried out for
the purpose of penetration of protective agents
into them, balancing the osmotic pressure in the
cell-medium system, regulating biochemical
processes aimed at preserving the functional
state and implementing adaptive reactions.
The duration of exposure of the semen at 4°C
depends on the physicochemical properties of
the cryoprotectants used.
There is a corellative relationship between the
duration of cooling of the semen at 4°C and the
molecular weight of the tested substances.

159

Mazur, P., Leibo, S.P., & Chu, E.Y. (1972). A two-factor
hypothesis of freezing injury. Exp. Cell. Res., 71,
345–355.
Mazur, P. (1984). Freezing of living cells: mechanisms
and implications. Am. J. Physiol., 247 (16), 125C142.
Oh, S.H., Miyoshi, K., & Funahashi, H. (1998). Rat
oocytes fertilized in modified rat 1-cell embryo
culture medium containing a high sodium chloride
concentration and bovine serum albumin maintain
developmental ability to the blastocyst stage. Biol.
Reprod., 59, 884-889.
Ostachko, V.F., & Ostachko, F.I. (2004). The
temperature chosk of cells as a hydraulical blow in
the resanant system. Mat. of the Intern. Conf.
„Preservation of genetic resources”. SPB, 832-833.
Purdy, P.H. (2006). A review on goat sperm
cryopreservation. Small Rumin. Res., 63, 215-225.
Roşca, N. (2000). Morphofunctional changes in bull and
rooster gametes depending on how the animals are
stressed. Autoref. tez. dr. în biol., Chişinău.
Salamon, S., & Maxwell, W.M. (2000). Storage of ram
semen. Anim. Reprod. Sci., 18, 77-111.
Shannon, P., & Vishwanath, R. (1995). The effect of
optimal and suboptimal concentrations of sperm on
the fertility of fresh and frozen bovine semen and a
theoretical model to explain the fertility differences.
Anim. Reprod. Sci., 39, 1-10.
Watson, P.F. (1995). Reccent developments in the
cryiopreservation of spermatozoa and the assessment

of their post-thawing function. Reprod. Fertil. Dev.,
7, 871-891.
Watson, P.F. (2000). The causes of reduced fertility with
cryopreserved semen. Anim Reprod Sci, 60, 481-492.
Woelders, H., Matthijs, A., & Engel, B. (1997). Effects
of trehalose and sucrose, osmolality of the freezing
medium, and cooling rate on viability and intactness
of bull sperm after freezing and thawing.
Cryobiology, 35, 93-105.
Борончук,
Г.В.,
&
Балан,
И.В.
(2003).
Криомембранология. Кишинев: Типогр. А.Н.
Молдовы.
Курбатов, А.Д. (1988). Криоконсервация спермы
птиц.
Криоконсервация
спермы
сельскохозяйственных
животных.
Л.:
Агропромиздат, 195-250.
Милованов, В.К. (1962). Биология воспроизведения и
искусственное осеменение животных. М.: Изд-во
с-х литературы и плакатов.
Наук, В.А. (1991). Структура и функция спермиев
сельскохозяйственных
животных
при
криоконсервации. Кишинёв: Штиинца.
Осташко, Ф.И. (1978). Глубокое замораживание и
длительное хранение спермы производителей.
Киев: Урожай.
Шапиев, И.Ш. (1998). Совершенствование методов
замораживания и оценки спермы хряков.
Автореф. дис. докт. с-х наук. Санкт-ПетербургПушкин.

160

