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A simulation model for evaluating the survival and fertilizing capacity of animal spermatozoa was
developed, taking into account the initial condition of the sperm and the effectiveness of cryopreservation
stages. The model is based on an analytical expression that reflects the main reasons for the survival of
reproductive cells in onto-, techno- and phylogenesis. The decrease in spermatozoa resistance depends
on a number of biological factors — the animal species, physiological conditions of sperm donor and
recipient, the ejaculate quality, and technological factors — the effectiveness of the methods of cell
cryopreservation and egg insemination. The discrepancy between the results of cell motility obtained by
calculation and experimental methods amounted to less than 2% as a result of our own experiments and
to less than 5% for the data taken from literature. A feature of the model is the complete independence
of the effectiveness of studied techniques from the heterogeneity of animal sperm.

The conducted computer experiment showed that the difference between the values of initial
motility and fertilizing capacity of sperm varies from 50 to 100% depending on the difference of
biological parameters, while the index of the effectiveness of selected technique creates an error of
about 1% . Comparative analysis of alternative technologies of spermatozoa cryopreservation showed
the maximum efficiency of the stages of cryoprotectant use, freeze mode, survival and fertilizing
capacity of the object. The use of computer modeling allows to greatly reduce the spread in spermatozoa
preservation values that were obtained in different experiments, and thus to reduce the time and costs

it takes to obtain reliable results.
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The use of mathematical models when
conducting experiments makes it possible
to not only detect, but also to explain
the obtained regularities, which allows
scientists to create entirely new ways for
cryopreservation of biological objects.
Modern scientific methodology identifies
three stages of knowledge mathemization:
statistical processing of empirical data,
experiment modeling on the basis of regression
equations and the existence of relatively
complete mathematical theories represented
by analytical expressions [1]. Achievements
in the field of cryobiology allow to widely
use analytical methods in mathematical
modeling and to explore the potential of the
use of statistical methods for the analysis and
optimization of multi-factorial experiments.

To date, there have been a number of
studies aimed at improving the motility of
animal sperm by optimizing the parameters
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that define the freezing mode of biological
objects [2—-10]. It is found that the success
of cryopreservation of biological objects,
including sperm, mainly depends on three tied
components: proper selection of cryoprotectant
and its concentration, composition of a diluent
and the freeze-thaw mode characteristics.
Analysis of the cryopreservation results [2,
3, 6—8, 10-15] shows that bull and carp sperm
motility rate lowers during sperm freezing and
thawing.

The result of animal sperm
cryopreservation depends on the variation of
the initial state of the ejaculate. Consequently,
the initial state of the biological object and
features of technological operations that were
conducted prior to cryopreservation may have
an impact on the mobility of deconserved
material. Therefore, to study patterns of
repeatability of cryopreservation results, it
is necessary to develop a mathematical model
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for evaluating the effectiveness of the chosen
method of cryopreservation that takes into
account the initial state of biological objects
and the features of different stages of the
chosen cryopreservation method.

The aim of the study is to create a
simulation model to describe the patterns
of influence of animal heterogeneity and
the efficiency of steps taken during semen
cryopreservation on the fertilizing capacity of
sperm.

Materials and Methods

Sperm of breeding bulls of black-and-
white and Simmental breeds was used when
conducting experiments. Breeding bulls
from the experimental-methodological
breeding enterprise of the 1st category of the
Department Biotechnology at the Institute of
Animal Science of the National Academy of
Agrarian Sciences of Ukraine (NAAS) were
used. When conducting computer simulation,
we used the data obtained from the semen of
one bull to ensure the homogeneity of the
biomaterial. All technological methods for
bull semen receiving, evaluation and dilution
were performed in accordance with [9, 16].
Fresh sperm with a motility index not lower
than 70% was used. The sperm was stored
at a temperature of 30 °C no longer than
30 minutes after it has been obtained.

Upon receipt and evaluation semen was
diluted at 1:1 ration with sterile lactose-
vitelline-glycerol (LVG) medium (11%
solution of lactose — 62 ml, yolk — 30 ml,
glycerol — 7 ml). Then it was diluted again
with lactose-citrate-glycerol (LCG) (lactose —
6 g, sodium citrate — 1.4 g, glycerol — 5 ml,
distilled water — 100 ml) to a concentration of
spermatozoa of 15 million/ml. Then sperm was
placed into cone-shaped containers of 0.25 ml
in volume. Sperm equilibration was performed
at 2—4 °C for 3—4 hours with constant stirring.

Sperm of Nivky scaly carp was obtained
from sexually mature males (Cyprinus carpio).
The fish were caught in a pond during carp
spawning at an ambient temperature of 20 °C.
Fish that matured naturally without hormonal
treatment was used for the experiment [12,
17]. Sperm was obtained separately from
each male at 5th stage of maturity, which is
important for achieving high cryoresistance.
Carp sperm was obtained, assessed and
prepared for freezing according to[11, 12].

Cryoprotectant was prepared by dissolving
15 g of tris-HCl-buffer in 1 liter of distilled
water, adding hydrochloric acid to pH 8. To

make 1 liter of cryoprotectant, 7,3 g NaCl,
0,04 g KCl, 2,3 g NaHCOg3, 1,15 g sucrose,
0,52 g MgS0O, and 0,15 g CaCl, were alternately
dissolved in 600-700 ml of tris-HCIl-buffer.

150 g of egg yolk and 100—120 g of ethylene
glycol was added to the resulting solution
30 minutes before using it. Then tris-HCI-
buffer was added to the solution to get the total
volumeof 1111, 12].

Before the experiment, all the dishes,
sperm, cryoprotectant and activators (pond
water) were cooled to 15 °C. Cryoprotectant
was added to the sperm at 1:1 volume ratio
while constantly stirring. Then the diluted
carp sperm was cooled at the speed of 1-2
°C/min to a temperature of 2-3 °C and
equilibrated for 1 hour. Fresh sperm with a
mobility index no lower than 70% was used
in experiments. Selected ejaculates were
placed in cone-shaped containers with tapered
initiation of crystallization, sealed and placed
in a refrigerator at 2—3 °C for further testing
in various freeze modes. Each container was
0.25 ml in volume.

Ejaculate volume, motility and
concentration of cells were determined
before the experiment using a photoelectro-
colorimeter. Motility index was used to
assess deconserved carp sperm, motility,
survivability and fertilizing capacity
indexes were used to assess the condition of
deconserved bull sperm. Fertilizing capacity
was determined by first insemination of
Simmental heifers.

Sperm motility of carp was determined as
follows. A drop of water was placed on a glass
slide with a pipette, then a small amount of
sperm on the tip of a needle was added. Total
duration of these manipulations did not
exceed 10 seconds. When determining the
motility of bovine spermatozoa, biomaterial
was applied on a glass warmed to 38 °C, under
a microscope. The motility of sperm in each
sample was determined at least three times and
the average result was calculated.

Microscopes of MBI or MBR brands with
magnification of 300-600 were used during the
experiment. Bull and carp sperm motility was
determined by the ratio of spermatozoa with
rectilinear translational motion to the total
number of sperm in the field of view of the
microscope, expressed as a percentage (F. 1).

Sperm cryopreservation was carried out
in devices that were developed by us earlier.
These devises use passive cooling of the fuser
in the neck of Dewar vessels, as a basic process
[18]. To make ultrahigh freeze—thaw speeds
possible, envelopes made of polyethylene
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and aluminum foil were used. Before the
actual freezing, the device is cooled in liquid
nitrogen. During thawing, it was heated in a
water bath to 40 °C. Freezing (thawing) rate
in this case was 15 000 (12 000) °C/min and
24 000 (22 200) °C/min for envelopes made of
polyethylene and aluminum foil, respectively
[18].

The condition of a biological object is
characterized by several criteria: the motility
of the sperm determines whether the object
is suitable for further use in the study; it is
evaluated by morphological parameters of
the object; fertilizing capacity characterizes
the probability of successful development of
a biological object further in the experiment;
the effectiveness of cryopreservation stage
gives an indication of how the condition of a
biological object changes as a result of the
cryopreservation stage alone; reproducibility
characterizes the dispersion of the results
obtained by using a particular method of
cryopreservation; comparability enables us
to compare results obtained using different
methods of cryopreservation.

To improve the reproducibility of obtained
results, the study was performed using
ejaculates of the same quality in each group,
while determining the motility and fertilizing
capacity of sperm. Animal sperm motility —
the Sf (1) is defined as the ratio of the number
of moving sperm — n, divided by the total
number of sperm in the sample — n,:

S=n/n,. 1)

Survival rate was also evaluated for
deconserved bull sperm 38 °C. Survival rate
was measured as the amount of time during
which all spermatozoa lost their rectilinear
translational movement.

The initial sperm motility S, was
determined experimentally, after semen was
obtained and diluted — Sf (1).

Fertilizing capacity of sperm — Pf (2)
was calculated as a ratio of the number of
pregnancies — n to the total number of
fertilized cows (for fish — embryos) — n.:

P=n/n, (2)

where n, — the initial number of samples used
in the experiment.

Insemination of eggs and incubation was
carried out at a temperature of 18-20 °C.
To eliminate the influence of differences in
fertilization and cultivation methods for
fresh and deconserved sperm on evaluation
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of effectiveness of cryopreservation of carp
sperm, the following experiments were
conducted. 0.02 ml of fresh diluted sperm was
added to each Petri dish in control group, and
0.02 ml of deconserved sperm was added to
each Petri dish in experiment group. Semen
(0.02 ml) was mixed with eggs (50-60 eggs)
and activator (0.25 ml 0,3% NaHCOs) in Petri
dishes (10 cm in diameter), stirred thoroughly
with a feather for 2 min and quenched with
water [19, 20]. When assessing the fertilizing
capacity of fresh and deconserved sperm,
ejaculate of the same animal was used for 1 h
after freezing. Experiments were conducted
in the laboratory; inseminated eggs were
incubated in Petri dishes. Embryos that
were stuck to the bottom of the cup embryos
were left to incubate at 18—20 °C, water was
changed every 3—4 hours. To remove the sticky
layer from the surface of eggs, pond water
was added to eggs 5 minutes after they were
mixed with activated sperm. After that, eggs
and water were stirred for 30—40 minutes to
remove the adhesive layer from egg surface.
Fertilization percentage was determined by
4-cell blastomere stage, and calculated using
the formula:

n

P =-.100%, (2 a),
no
n,g

P, =—-.100%, (2b),
n

0

where P, and P, — probabilities of fertilization
using native and deconserved sperm; n,., n,,
and n, — number of cells that were fertilized
with fresh, deconserved sperm, and total
number of eggs in the sample.

Statistical analysis of the results
obtained in the experiment was carried out
using standard formulas for qualitative
and quantitative analysis [21]. Standard
and developed by us software was used for
the calculations. Reliability of differences
in control and experiment groups was
assessed using Student’s t-test by comparing
the average values of motility, viability
and efficiency that were obtained for the
experiment and control group. Differences
in conjugate parameters for control and
experiment groups were averaged to take
into account individual characteristics of
biological objects [21]. Reproducibility of
cryopreservation results was determined using
the value of the standard deviation and the
coefficient of variation C,.
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Results and Discussion

The need to create a simulation model
lies in the need to identify values that cannot
be identified directly when conducting a
physical experiment. We have proposed a
method for calculating parameters of sperm
resistance for sperm that was obtained from
a particular donor and fertilized recipient
(fig. 1 ry and r,), and for determining the
efficiency of technologies that were used (W,
and W)). These figures summarize the impact
of biological (F, P, U, H) and technological
factors (a, e, z, T). Calculated parameters (r,,
rp» Wq, W,) determine the conditions of the
particular experiment. The model allows to
calculate the fertilizing capacity of sperm
cells when conducting a computer experiment
using the given parameters (S, ry, r,, Wy, W)).
Simulation modeling ensures comparability of
empirical data (S, P) that was obtained under
different conditions of the study (S, ry, r,, Wy,
W,). Calculated efficiency indexes of different
technological stages (a, t, z, T') are independent
from the condition of each biological object
(ry and r,), which greatly improves the
reproducibility of the results. The model
allows one to determine the heterogeneity of
biological characteristics (S, S, P, ry, 1, F, P,
U, H), given the fact that each of them depends
on many interrelated parameters.

A logistic function was used as a basis for
the proposed mathematical model to describe
spermatzoa resistance when obtaining sperm,
cryopreserving it and inseminating the
recipient:

Biological
characteristics:

F —Physiological
condition of the
animal;

II - Breed:

U — Living
conditions;

H - Productivity
Sy — spermatozoa

das
er-S(l—S/K), (3)

where S — spermatozoa motility, calculated in

terms of f(1);
t — time, expressed in hours;
r — coefficient that reflects the rate

at which spermatozoa condition changes
depending on the physiological condition of
the donor;

K — coefficient that corresponds to the
maximum value of sperm motility.

The solution of the differential equation
f(3) gives a numerical value to describe the
survival rate of sperm cells at physiological
temperature:

S, - K -exp(r-t)
K—S,+S,-exp(r-t)

S()= (4)

where S, — the value that corresponds to the
value of the initial sperm motility.

The coefficient, which reflects the rate at
which the condition of spermatozoa changes,
S(t) in this analytical expression, is determined
using computer simulation by analyzing
the values of sperm motility f(1) that were
obtained in the experiment.

According to Bayes’ theorem, motility
of deconserved spermatozoa S, (t) can be
expressed as the sum of conditionally
independent probabilities (expressed in units)
that correspond to fresh sperm motility Sy(%)
minus the probability of the death of some

Technological characteristics:
a — sperm obtaining and dilution

3 —the use of cryoprotectant;

/_

motility;

—» Syla,)

[Se=sa] - £s.a,)

— WD

Fig. 1. Chart of computer study of spermatozoa heterogeneity
in cryopreservation and artificial insemination
So, Sy and Py, P; — motility and fertilizing capacity of fresh, deconserved sperm;
rqy and r, — resistance of the donor and of fertilized recipients to sperm;
Wy and W, — efficiency of sperm cryopreservation and artificial insemination techniques.
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cells. This value depends on the effectiveness
of the cryopreservation technique that was
used W .

S, () =S,()=8,-(1-W,). )

In order to improve the accuracy of the
analytical dependence S(¢) f(4), we created a
regression equation that connects the change
in spermatozoa motility S to time. The method
of least squares was used for this (fig. 1-5).
The values of cryopreservation efficiency
W ,were calculated using the proposed model
f(3-5) on the basis of spermatozoa motility data
obtained in the experiment S f(1).

The error in determining empirically
derived sperm motility index S f(1) is
determined by assessing the state of a
biological object of specified quality. The
error is 5% (0.5 points) when using the
visual method, and 1% (0.1 points) when
using computer video fixation [18]. When
using the conventional method for evaluating
cryopreservation that takes into account the
average value of sperm motility, depending on
the initial spermatozoa condition, in different
experiments the difference may be more than
10% . The need for such a transformation
is due to the fact that average values do not
carry information about the condition of each
individual ejaculate, while the proposed model
S(t) £(5), in conjunction with the empirically
derived function S f(1) reflect the individual
characteristics of a particular ejaculate.

Fertilizing capacity of fresh sperm of
given quality P(S) depends on their motility —
S f(1), on the physiological condition of the
recipient — r f(7), and on the value that
reflects the effectiveness of the technique used
for artificial insemination of cows W, £(8):

P -K-exp(r-S)
K—P +P -exp(r-S)

P(S) = (7)

where K — coefficient that reflects the
maximum value of egg fertilization, and the
minimum — P, respectively;

r — coefficient that corresponds to the
physiological condition of the recipient. It
determines the probability of fertilization.

Analytical expressions S(t) and P(S) are
derived from f(4) and f(7), using the regression
dependence of sperm motility values that
were obtained experimentally during sperm
cultivation f(1) and insemination f£(2)
(fig. 2—6).
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The probability of fertilizing capacity of fresh
and deconserved sperm P(S) is expressed
through the product of dependent parameters
of the fertilizing capacity of fresh sperm P(S)
f(7), the effectiveness of cryopreservation
techniques W, and artificial insemination
techniques W, expressed in units:

P(S)= B/(S)-W,-W,. (8)

To improve the accuracy of determining
the cryopreservation efficiency by reducing
the total variance [18] this value is represented
the product of the efficiency of the following
technological stages: collection and dilution
of the ejaculate W,, equilibration in
cryoprotectant and temperature adaptation
W, selection of the freeze-thaw mode W .

W, =W, -W,-W.. ©)

The following system of equations is used
to calculate the parameters of effectiveness:

S () =S8,(0)-W,;
S, (1)=S,(t) W W ;
Sd(t) = So(t)'Ww

(10)

Software was developed in Microsoft
Excel in order to simplify the procedure
for calculating the main biotechnological
parameters. A graphical representation of
calculated results is shown in fig. 2-6.

To test the proposed simulation model
f(3—10), we analyzed the data for fresh and
deconserved bull sperm motility at 38 °C that
was obtained at the Livestock Institute of
National Academy Of Agrarian Sciences of
Ukraine [10]. Spermatozoa were frozen in
plastic containers (V = 0,75 mu1) in a device
that was developed by us [15].

It was established experimentally [15],
that when frozen with crystallization
initiation, the motility index of deconserved
bull sperm increased — from 38,6 = 1,83% to
52,3 + 1,64%, respectively. Survival time of
deconserved bull sperm that was frozen with
the initiation of crystal growth was 9 hours,
and without the initiation of crystal growth —
7 hours (Fig. 2).

Regression dependence of experimental
f(1) and model (4, 5) values of spermatozoa
motility in time allowed to determine
approximation coefficients for fresh diluted
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y = 5E-05x%- 0,005x + 0,105x* - 0,736x% + 0,924x3- 1,559x + 79,95

R*=0,985

K¢~ 0,0195° + 0,240 - 1,176x%+ 1,384x2- 2,585x + 49,55

R*=0,987

40 #

y=-0,001x%+ 0,041x>

14x* + 1,938x%- 4,679x2- 0,126x + 39,79
0,970

Spermatozoa motility, %

30
——50(t)
20 i -
—m-5d1(t)
10 ——5d2(t)
0 —
0 1 2 3 5 6 7 8 9 10

Time, hours

Fig. 2. Dependence of bull sperm motility from cultivation time at a temperature of 38 °C for fresh diluted
cells — S (t), deconserved cells in the first group — S;;(f) and in the second — S ;,(t), respectively:

The effectiveness of cryopreservation techniques amounted to W ; = 62% and W ;5 = 50% . Coefficients
that reflect sperm motility reduction, depending on the viability of the donor, r; = ry=-0,4. Coefficients that
reflect the values of initial spermatozoa motility amounted to Sy; = Sp3 = 80, and maximum motility —
Esl = RS2 = 86.

cells Sy(t) R* = 0,985, and for deconserved cells
in experimental group (with crystal growth
initiation) — S,;(t) R*> = 0,987 and in control
(without initiation) — S ,(t) R® = 0,970,
respectively.

Obtained results indicate that seeding has
a positive effect on deconserved spermatozoa
motility, which increases by 10-15%, and
on the effectiveness of cryopreservation
technique, which increases by 12% due to
reduction in supercooling and, consequently,
significantly reduced temperature change
during freezing. The difference between
control and experiment is reliable at the level
of reliability of P > 0,95.

To evaluate the performance of the
proposed model we used a computer experiment
that assesses motility of deconserved and
fresh spermatozoa obtained from different
ejaculates (fig. 3). Difference in initial sperm
motility was 20% and the error of efficiency
estimation did not exceed 1% .

When the proposed simulation model was
tested using data that was published by us[15],
we received results that were highly similar
to experimental results that were obtained
when the experiment was conducted —
R? = 0,999 for values of fertilizing capacity
of deconserved bull sperm (fig. 4) that was
preserved using the proposed technique. This
biological quality indicator is a comprehensive
characteristic of reproductive cells that were

frozen and thawed given a high preservation
safety rate of heifer gametes.

Studies have shown that functions that
tie fertilization probability to spermatozoa
motility P,(S) £(7) for fresh and deconserved
cells coincide with high reliability probability
R?=0,99. Effectiveness of cryopreservation
amounted to W ; = W ;,=100% . Consequently,
the effect of temperature lowering regimes
on the fertilizing capacity of Simmental bull
sperm depends solely on sperm motility and
fertilization method. When determining the
fertilizing capacity, sperm doses that were
conserved according to Kharkov technology [9]
were used as a control.

Indicators of sperm motility, survival
and absolute survival of deconserved sperm
in all experiments conformed to the figures,
outlined in GOST 26030-83 “Frozen bovine
semen. Technical specifications” for heifer
insemination. All frozen semen doses were
studied in SEC “Ukraine” of Zmiev district to
determine the effectiveness of insemination.

In publications [13, 17, 19, 20] it has
been shown that the likelihood of fish embryo
development depends on the genotype and
physiological characteristics of the female
and male that were used to obtain eggs and
sperm. The authors found that fertilizing
capacity depends not only on the initial state of
fresh sperm and eggs, but also on many other
factors: cryoprotectant type, freezing-thawing
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y = -0,000x% + 0,003x*- 0,034x* + 0,128x*- 0,694x2- 2,510x + 89,84
R?*=0,997

90

$ 4+ 0,006x°- 0,067x* + 0,447x%- 1,950x2- 3,792x + 69,89
70 R?*=0,998

60 | 15x5-0,18x" + 1,124x%- 3,

R?*=0,998

x*-0,046x* + 0,267x%- 1,298 - 4,988x + 34,80
R*=0,998

2. 1,148x + 40,08

S0
y = -0,000x+ 0,

40

30

Spermatozoa motility, %

20 - —m=s02(t)
10 |—=&—=Sdl{t)
w—Sd2(t
o (t)
0 1 2 3 4 5 6 7 8 9 10

Time, hours

Fig. 3. Dependence of bull spermatozoa motility on cultivation time at 38 °C from fresh diluted sperm in
the first group — S(;(f) and in the second — S,(), deconserved spermatozoa — S;; () u S ga(t), respectively:
effectiveness of cryopreservation techniques amounted to: W31 =60% and W39 = 60% . Coefficients that
reflect the decrease in sperm motility, depending on donor viability amounted to ry =rg = -0,4. Coefficients
that reflect the value of initial sperm motility — S = 70 and Sp9 = 90,
and maximum — Ks; = 86 and Ksg = 96

100
90
« 380
=
2
= 70 —4—P0{s}
g —m—Pd1(s)
0
a —Pd2(s)
&
St 0
I
g 40
= y = -0,005x¢ + 0,1505* - 1,603x* + 6,909x7 - 8,386x2+ 6,893x + 2,861
o R? = 0,994
-3 30
2 y=-0,002x%+ 0,075x%- 0,836x* + 3,533x*- 2,596x%+ 4,198x + 2,836
& 20 | R?=0,997
y = -0,002x5 + 0,075x% - 0,836x* + 3,533x* - 2,596x7+ 4,198 + 2,836
10 R*=0,997
0
0 1 2 3 a 5 6 7 8 9 10
Spermatozoa motility, points

Fig. 4. Dependence of fertilizing capacity of cows on bull sperm motility for fresh — P(S) and
deconserved spermatozoa in the first group — P41(S), and in the second — P 4o(S), respectively:
effectiveness of cryopreservation techniques amounted to: W1 = sz =95% . Coefficients that reflect
the probability of fertilization, depending on the recipient’s pﬁysiological condition —ry =19 =1,0.
Coefficients that reflect the maximum value of animal fertilization Kpl = sz =100, and minimum —
P11 = Pyyo = 3, respectively.
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mode, method of fertilization and embryo
cultivation [13, 17, 19, 20]. A particularly
important factor is the individual fertilizing
ability of both fresh and deconserved
spermatozoa obtained from a particular male
[13, 17, 19]. In this regard, a common practice
in industry is to fertilize eggs using a mixture
of sperm that was obtained from at least three
manufacturers[11, 12, 17, 19].

The effect of different cryopreservation
techniques on fresh and deconserved carp
sperm motility is shown in fig. 5. The
error in determining the effectiveness of
cryopreservation technique W31 = 65% and
W9 = 50% amounted to less than 1%.

OnjgomoTBopAmILass CIOCOOHOCTH
CIIEPMATO30UL0B B3aBUCUT OT KOJHUYECTBA
JKM3HECIIOCOOHBIX KJETOK B Impobe, 4To, B
CBOIO Ouepe/lb, 3aBUCHUT OT UX KOHI[EHTPAIUHU
u noxBmkHOCcTH [13, 17, 19, 20]. Results of
fertility evaluation of ejaculates taken from
two males with initial mobility 80,0 + 3,6%
and 70,0 £ 3,5% are shown in fig. 6.

Fertilizing capacity of carp sperm in the
two groups was not significantly different
and was 23,3-31,2% for deconserved object
(the accuracy of the difference P > 0,90) and
51-61% for the freshly obtained object.
Fertilizing capacity in the first group was
higher than in the second, in addition, sperm
motility value was higher in the first group

90

80

70 ¢

60

50 |

40 |

Spermatozoa motility, %

y=-8E-11x% + 2E

for both fresh and deconserved sperm. When
assessing the effectiveness of insemination
techniques, the obtained values were: for the
first group — 51,0% and for the second —
45,8% . The difference in values for two
groups decreased by 1,6—2,0 times due to a
decrease in the impact of the initial condition
of carp sperm and eggs which depends on their
individual fertilizing ability and specific
features of insemination and cultivation
techniques that are used.

When comparing values for fertilizing
capacity of fresh and deconserved carp sperm
that were obtained by us with those from the
literature [3, 13, 17], it should be noted that
the obtained absolute values of the fertilizing
capacity of fresh sperm can vary over a wide
range from 15 to 80%, and for deconserved
spermatozoa — 5-65% . However, values for
fertilizing capacity after cryopreservation in
publication [13] correspond to those obtained
by us, while those in publications [3, 17] are
higher, which seems to be associated with the
use of mixed sperm from several males during
fertilization.

Obtained values of deconserved sperm
motility (30—-65%) correspond to the data
correspond to the data presented in the
literature for carp spermatozoa [13], which
makes it possible to have fertilizing capacity
of deconserved carp spermatozoa ranging from

y = 1E-10x% - 6E-08x° + 1E-05x* - 0,000x% + 0,014x2- 0,393x + 90,19

R*=0,997

- 1E-07x% + 2€-05x* - 0,001x% + 0,025x%- 0,572x + 59,91

R?=0,998

5 - 9E-08x* - 0,000x*- 0,000xZ- 0,280x + 45,07
Ri=1

—t=50(t)
30 |
50 | —E—Sdi)
10 =m=sd2(t)
0 L
0 20 40 60 80 100 120
Time, sec

Fig. 5. Dependence of carp spermatozoa motility on cultivation time at room temperature for fresh cells

— S(t), deconserved spermatozoa in the first group — S4(t) and in the second — Sy

(t), respectively:

effectiveness of cryopreservation techniques amounted to W31 = 65% and W49 = 50‘%0 . Coefficients that
reflect the decrease in spermatozoa motility, depending on donor viability — ry = rg =-0,04. Coefficients that
reflect the minimum value of spermatozoa motility Sp; =Sp9 = 90 and maximum — Kgq1 = Kg9 = 96.
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Fig. 6. Dependence fertilizing ability of carp eggs on spermatozoa motility for fresh cells in the first

group — P(1(S) and in the second — Po(S), deconserved cells —
Cryopreservation effectiveness amounted to W31
= 53% . Coefficients that reflect fertlhzatlon probablhty depending on the recipient’s

—W,1=W

=54 and Wyo

}11(S), P 42(S), respectively:

=63%, and insemination effectiveness

physiological state — r{ =r9 = 1,0. Coefficients that reflect maximum values for egg fertilization
Kp1=Kpa = 100and minimum — P11 = P9 = 3, respectively.

5 to 65% . It is shown that in the fertilizing
capacity is significantly influenced by the
condition of fresh sperm and eggs, and this in
turn depends on the physiological state of the
donor, the methods of hormonal treatment and
superovulation induction[3, 13, 17].

The use of the proposed model reduces
the influence of the condition of fresh carp
sperm and eggs, conditions of fertilization
and cultivation by a factor of two or more, and
allows us to determine the effectiveness of the
chosen method of cryopreservation, assessed in
terms of fertilizing capacity (54-63%).

Along with the assessment of differences of
averages of deconserved carp sperm motility,
we also analyzed the variations in the current
values of mobility. When transitioning to
model values, the variation decreased 2 to
13 times (fig. 5). This indicates an increase
in the accuracy of the proposed method for
evaluating cryobiological operations by half
or more by reducing the influence of the initial
state of carp sperm and related factors that
determine the individual characteristics of the
selected method of cryopreservation. Such a
significant discrepancy between the obtained
values can be tied to the effect of “noise” —
a difference in the initial condition of sperm
and eggs on the one hand, and features of the
cryopreservation and fertilization methods —
on the other, on the useful “signal” — the
condition of the cryopreservation system being
examined.
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To evaluate the effectiveness of different
methods of carp sperm cryopreservation
and their constituent stages, the following
computer experiment was performed.
Maximum deconserved sperm mobility —
51,7 £+ 1,7% (cryopreservation effectiveness
68,9 + 2,2%) is obtained using a cryopreser-
vation method that involves slow two-step
freezing of spermatozoa in a polyethylene
envelope (table). As a result of rapid freezing,
mobility rates 35,1 = 5,0% (43,8 = 1,0%) are
close to those rates 36,9 = 1,2% (50,0 =1,3%)
that were obtained when spermatozoa were
thawed slowly B, = 725 °C/muu. The reasons
for this — similar values of cryoprotectant
effectiveness (92%) and freeze-thaw
conditions (60—-68%).

The range of motility rates 35-52%
obtained by using different methods of
cryopreservation of carp sperm (table) gives a
similar discrepancy in motility values as when
using ejaculates of different quality (fig. 5)
with the error in measurement of less than 1%.

The values of cryopreservation
effectiveness 44-67% and the mistake of their
measurement also have close values (1%).
The decrease in differences of values when
transitioning to model values is 1.2—2.7 times.
This is indicative of the fact that variation in
the initial condition of carp sperm and features
of the chosen cryopreservation method have
the same effect on deconserved sperm motility.
Such a significant discrepancy between the
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The effectiveness of different methods of carp sperm cryopreservation W, and their stages,
evaluated in terms of the use of cryoprotectant W, and freeze-thaw mode W,

Freezing rates By, Step effectiveness rates,%
Container B, (B3 — thawing), Motility
°C/min S 4% cryopreservation, equilibra- freezing, W,
W, tion, W,
Test tube 4, 25 (318) 36,9 = 1,5% 50,0 = 1,3" 68,0 +1,2%
Straw 4, 25 (725) 44,6 +1,5° 56,9 + 1,6° 75,2 +1,5°
o . 92,0+1,5 .
Envelope 4, 25 (4780) 51,7+1,7 68,9+1,2 88,6 +£1,6
Envelope 4500 (12000) 35,1 +1,5% 43,8 + 1,04 59,8 +1,6¢

Note: B; and B, — freezing rate during the first stage from 5 to —20 °C;
the second stage from —20 to —60 °C; B; — thawing rate.

obtained values is due to the influence of
different initial condition of sperm samples, on
the one hand, and features of cryopreservation
methods that were used — on the other hand,
on the condition of the deconserved biological
object.

It was found that the initial state of
the biological object in some cases affects
his mobility to a greater extent than the
features of the cryopreservation method that
was used. In the case when reproducibility
of carp sperm motility rates is connected
to different semen quality, it reaches 96—
136% . If the reproducibility depends on the
cryopreservation method, it is 94-137%.
When using effectiveness rates, it is possible
to increase the reproducibility of research
results 1,2—4,7 times. To achieve this, it is
necessary to take into account the impact
of quality of the object on the study and to
evaluate the effectiveness of the method
cryopreservation method that was used and
of its stages. Effectiveness rates of different
technological stages that were obtained by
us allow to compare results of studies that
were conducted using different methods.
The most effective method of freezing sperm
carp, ensuring sperm safety rate of 45-52%,
is based on the use of two-stage freezing.
Cryoprotector effectiveness rate is 92%,
freeze mode — 75-89%.

Thus, the developed simulation model
describes the dependence of deconserved
spermatozoa motility on their initial condition
and on the effectiveness of cryopreservation
technology stages. The use of the model
greatly increases the reproducibility of the
results of the study and provides conditions

for their compatibility when using different
technologies and heterogeneous biomaterial.

Comparative analysis of the effectiveness
of different stages of bull and carp sperm
cryopreservation process indicates that in
each case the obtained values depend more on
the experimental conditions than on the initial
sperm motility. When transitioning to the
calculated values of efficiency, it is possible to
determine the impact of each studied factor on
sperm motility, evaluated at different stages of
cryopreservation procedures, while reducing
the number of experiments by a factor of three
or more.

We believe that the proposed model makes
it possible to determine the conditions needed
to solve a problem at the stage of exploratory
experiments. The proposed method of
biotechnological computer experiment can be used
in studies that aim to identify hidden patterns
of influence that the physiological state of the
donor and recipient, different technologies of
cryopreservation and artificial insemination have
on the fertilizing capacity of deconserved sperm.

The model is a method that ensures the
comparability of heterogeneous data obtained
empirically under different experimental
conditions, which makes it possible to
quantitatively explain the strength of the
influence that a number of biological and
technological factors have on the probability
of obtaining offspring. The same model is
necessary for multi-factor research aimed at
the intensification of existing technologies and
the creation of new ones.

Authors would like to express gratitude
to the employees at the Institute of Animal
Science NAAS and at the Institute of Fisheries
NAAS for helping to conduct these studies.

w7




BIOTECHNOLOGIA ACTA, V.9, No 2, 2016

REFERENCES

. Gorbunov L. Mathematical modeling of the
condition of a depreserved biological object.
LAPLAMBERT Academic Publishing.
Germany. 2014, 116 p. (In Russian).

. Forero-Gonzalez R. A., Celeghini E. C. C.,
Raphael C. F., Andrade A. F. C., Bressan F. F.,
Arruda R. P. Effects of bovine sperm
cryopreservation using different freezing
techniques and cryoprotective agents on
plasma, acrosomal and mitochondrial
membranes. Andrologia. 2012, V. 44,
P. 154-159. doi: 10.1111/j.1439-
0272.2010.01154.x

.Irawan H., Vuthiphandchai V., Nimrat S.
The Effect of Extenders, Cryoprotectants
and Cryopreservation Methods on Common
Carp (Cyprinus Carpio) Sperm. Animal
Reproduction Science. 2010, 122 (3—-4), 236—
243. d0i:10.1016/j.anireprosci.2010.08.017.

. Celeghini E. C., Arruda R. P., Andrade A. F.,
Nascimento J., Raphael C. F., Rodrigues P. H.
Effects That Bovine Sperm Cryopreservation
Using Two Different Extenders Has on
Sperm Membranes and Chromatin. Animal
Reproduction Scienc. 2008, 104 (2—-4), 119-
131. d0i:10.1016/j.anireprosci. 2007.02.001.

. Critser,dJ. K., Mobraoten L. E. Cryopreservation
of Murine Spermatozoa. ILAR J. 2000, 41(4),
197-206. doi:10.1093/ilar.41.4.197.

. Pacey, A. A., Tomlinson M. J. The History of
Sperm Cryopreservation. Sperm Banking:
Theory and Practice. Cambridge, UK:
Cambridge UP, 2009.

. Behma A., Behma L. Energy of spermatozoa,
as a criterion in forecasting the fertilization
ability of sperm. Biolohiia tvaryn. 2000, 2 (10),
119-124. (In Ukrainian).

. Behma L., Behma A. Methods of sperm quality
evaluation in cryopreservation. Naukovyi
zbirnyk. Metodyky naukovykh doslidzhen
iz selektsii, henetyky ta biotekhnolohii u
tvarynnytstvi. Kyiv. Ahrarna nauka. 2005,
P.161—-172. (In Ukrainian).

.Kharkiv technology of aceptic collection
and cryopreservation of sperm from sires:
guidelines. Redaktor Ostashko F. Kharkiv.
1990, P. 47. (In Russian).

10. Bugrov A. Development of theory and practice

of sire sperm cryopreservation. M. S. thesis in
biological sciences. Kharkov, Ukraina. 1983,
P. 19-24. (In Russian).

11. Kopeyka E. Guidelines on low-temperature

carp sperm preservation. Moskva. 1986, 9 p.
(In Russian).

78

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Tsvetkova L. Methodical manual on sperm
cryopreservation of carp, salmon and
sturgeon fish species. Moskva:VNIIPRKH.
1997, 11 p. (In Russian).

Bibenko O. Influence of cryopreservation
factors on the genetic apparatus of fish
spermatozoa. Ph. D. dissertation in biological
sciences. 1993, 16 p. (In Russian).
Pavienko B. Results of studying the
cryoconvector method of freezing sperm.
Mizhvidomchyi tematychnyi naukovyi
zbirnyk. Rozvedennia i henetyka tvaryn.
Instytut rozvedennia i henetyky tvaryn.
2002, V. 36, P. 132-133. (In Ukrainian).
Mishchenko A., Gorbunov L. Accelerated
modes of freezing of biological material.
LAPLAMBERTAcademic Publishing.
Germany. 2014, 136 p. (In Russian).

DSTU 3535-97. Native bull sperm. Technical
specifications. (In Ukrainian).

Gerasimov Yu. Fundamentals of fish
economy: textbook. Samara: Izdatelstvo
«Samarskiy universitet». 2003, 108 p. (In
Russian).

Gorbunov L., Buchackiy L. Cryopreservation
of reproductive cells and embryos. Kyiv:
Izdatelsko-poligraficheskiy tsentr «Kievskiy
universitet». 2005, 325 p. (In Russian).
Dzyuba B. Activation, reactivation
and fertilization ability of white
carp spermatozoa after dilution with
cryoprotector environment. Problemy
kriobiologii i kriomedetsiny. 1997, N. 3,
P. 62-63. (In Russian).

Ginzburg A. Detlaf T. Development of
sturgeon fish. The maturation of eggs and
embryogenesis. Moskva: Nauka. 1969,
134 p. (In Russian).

Lakin B. Biometrics. Moskva: Vysshaya
shkola. 1990, 254 p. (In Russian).



Experimental articles

MOKJINBOCTI KOMIIBIOTEPHOI'O
ERKCITEPUMEHTY B JOCJINREHHI
TETEPOTEHHOCTI CIIEPMATO30IIIB
TBAPUH

JI. B. I'opbynose
€. M. Maxcaposa

HamionmanbHUY TeXHIUHNN YHiBepCcUTET
«XapKiBCBKUH MOJTITeXHIYHUNA iHCTUTYT»

E-mail: 4glv@i.ua

Pospobieno imiTaiiiiny MofeJib OIIiHKHN PyX-
JMBOCTI i 3amigHIOBaJIbHOI 3aTHOCTI ciepmMa-
TO30i[iB TBAPWH 3 ypaxyBaHHAM iX TOUATKOBOTO
cTaHy Ta e()eKTUBHOCTi eTaniB KPiOKOHCEPBY-
BaHHS. B 0CHOBY MOeJIi MOKJIageHO aHaJ iTh-
HUU BUpas, 10 BigobOparkae OCHOBHI MPUUYUHH
BUXKMBAHOCTI PeIIPOAYKTUBHUX KJIiTHUH B OHTO-,
TeXHO- i (hisoreHesi. SHUKEHHA PE3UCTEHTHO-
cTi cmepMaTO30ifiB 3a/IeKUTH BiJg HU3KHU Oio-
JoriuHuX (BUAY TBapmHH, (isiosoriunoro cra-
HY DOHOpAa i pernumieHTa, SKOCTi eAKYJIATY) Ta
TexHOJIOTiuHUX (ehpeKTUBHOCTI cmmocobiB Kpio-
KOHCEePBYBaHHS 1 3aNIifHeHH AUIEKJIITUH TBa-
puH) YNHHUKIB. Po30isKHiICTh MiK 3HaUEHHAMU
PYXJIMUBOCTI KJIiTHH, OTPUMAHUMU PO3PaAXyHKO-
BUM i eKCIepUMeHTaJIbHUM cIlocob0aMu, CTaHO-
BuJa He Oiabiie 2% B pe3yJabTaTi NPoBegeHHSA
BJIACHUX AOCJIiAiB i menme 5% — gaa gaHux,
HaBeneHUX y JiTepatypi. Ocob6amBicTio MozeJi €
TIOBHA HE3aJIeXKHICTh MOKAa3HMKIB epeKTUBHOCTI
IOCJiA)KyBaHUX TEXHOJOTIH BiJ reTeporeHHOCTi
eAKYJIATY TBAPUH.

IIpoBemeHU KOMII'IOTEPHUN €KCIIEPUMEHT
moKasaB, IO PO30iKHIiCTHL MOYATKOBOI PYXJIU-
BOCTi i 3amigHIOBAJIbHOI 3aTHOCTI cepMaro-
301iB 3aJIesKHO Bijg Bapiarii 6iosoriunux mapa-
MeTpiB amiuioeTheda Big 50 1o 100% , mpu mibomy
nmoxubka BUBHAUEHHSA MOKa3HUKAa e(PeKTUBHOC-
Ti 00paHoi TeXHOJIO0ril CTaHOBUTHL 0aU3BKO 1% .
IlopiBHANBHUI aHAaNiI3 albTePHATUBHUX TeX-
HOJIOTili KPiOKOHCEepBYBaHHS CIIepMAaTO30iaiB
moKasaB MaKCUMaJbHY e(PeKTHBHICTHL eTamniB
3aCTOCYBaHHA KPIiOMPOTEKTOPA, PEKUMY 3aMO-
POKYBaHHA, BUKMBAHOCTHU Ta 3allJIiTHIOBAJIL-
HOI 3maTHOCTi. 3acTocyBaHHS MOJEJNIOBaHHS
ITae 3MOTy 60araTopasoBO 3HU3UTHU PO3KUM MiK
3HAUYEHHAMHU PYXJUBOCTI CIepMaTo30iiB, OTpH-
MaHUMH y Pi3HUX Jocaifax, i THM caMUM OiJbIIT
Hi)K Ha TOPSAJAOK CKOPOTHUTH Yac Ta IPOIINOBi BuU-
TpaTu, HeOOXiAHI AJIsT OTPUMAaHHSA JOCTOBIiPHOTO
pe3yabTary.

Knwouwosi cnoea: cucremHa 06ioJiorisi, KpPioKoH-
cepBallis, reTeporeHHiCTh, CIIEPMATO30I 1.

BOSMOJKHOCTHA KOMIIBIOTEPHOI'O
IKRCITEPUMEHTA B HCCJIEJOBAHNHA
I'ETEPOTEHHOCTHU CIIEPMATO30HU/10B
JKHUBOTHBIX

JI. B. I'opbyHros
E.H. Maxaposa

HamnmnonanbHBIN TEXHUUYECKUI YHUBEPCUTET
«XapbKOBCKUH MOJUTEXHUUECKUI UHCTUTYT»,
Ykpanua

E-mail: 4glv@i.ua

Paspaborana mMuTamuoHHasd MOJEJb OIlEH-
KU MOABUKHOCTHU U OILJIOJOTBOPSAIOINIEll CIIoco6-
HOCTU CII€PMAaTO30UI0B KUBOTHBIX C YUETOM UX
HAYaJbHOTO COCTOAHUA U 9(PPEKTUBHOCTU ITATIOB
KPUOKOHCEPBUPOBAHUA. B 0CHOBY MOZeN II0JIO-
JKEeHO aHAJUTUYEeCKOe BBIPasKeHUe, OTpasKaroree
OCHOBHBIE IPUYUHBI BBI}KMBAEMOCTHU PEIIPONYK-
TUBHBIX KJIETOK B OHTO-, TEXHO- 1 (PUJIOTEeHese.
CHU’KeHVe Pe3UCTEeHTHOCTH CIIEPMATO30UIO0B 3a-
BUCHUT OT pAga OmosornuecKux (BUAa sKMBOTHOTO,
(GpUBUOTOTUIECKOTO COCTOIHUA JOHOPA U PEIUIIN-
€HTa, KauyecTBa 9AKYJIATA) U TeXHOJOTUUECKUX
(o PeKTUBHOCTH CIIOCOO0B KPHUOKOHCEPBUPOBA-
HUSA U OIJIOJLOTBOPEHUS SAUIEKJIETOK JKUBOTHBIX)
darTopoB. PacxokneHue MeXIy 3HAUEHUAMU
MMOABUKHOCTH KJIETOK, ITOJYUEHHBIMHY PACUETHBIM
U 9KCIIEPUMEHTAJIbHBIM CII0CO0aMu, COCTABUJIO He
6osiee 2% B pe3yJbTaTe MPOBEIEHUS COOCTBEHHBIX
OIIBITOB U MeHee 5% — AJA HaHHBIX, IPeJICTaB-
JIeHHBIX B Juteparype. Oco0eHHOCTHIO MOJENU
ABJIAETCA TOJIHASA HE3aBUCUMOCTh ITOKasaTeseil
9((PEeKTUBHOCTHU UCCJIETyEMBIX TEXHOJOTHUM OT T'e-
TEPOTEHHOCTH AAKYJIATA JKUBOTHBIX.

IIpoBegeHHBINI KOMIBIOTEPHBIN SKCIIEPUMEHT
IIOKAasaJj, 4TO PACXOKJeHe HaYaIbHOU MOIBUIK-
HOCTH U OILIOJOTBOPSAIOIIEH CIIOCOGHOCTH CIiepMa-
TO30UOB B 3aBUCUMOCTH OT BapUaIuu GMOJIOTHU-
yecKux napamerpoB uamensiercs ot 50 1o 100%,
IIPU ATOM IOTPENTHOCTD OIPeIeIeHNUA IT0OKA3aTe I
9((peKTUBHOCTH BEIOPAHHON TEXHOJOTHUU COCTaB-
JaseT 0KoJi0 1% . CpaBHUTEIbHBINM aHAINS aJIbTep-
HATUBHBIX TEXHOJOTUH KPUOKOHCEPBUPOBAHUS
CIIEpMAaTO30UA0B MMOKAa3aJ MaKCUMAaJbHYIO 3(0-
(eKTUBHOCTD ATAMIOB IPUMEHEHUA KPUOIPOTEK-
TOpa, PEKUMAa 3aMOPAKUBAHNA, BEIXKBAEMOCTH
U OILJIOLOTBOPSAMOIIel crtocoduHocTu. IlpuMmenenue
MOJEJIMPOBAHUA JaeT BO3BMOYKHOCTb MHOTOKPATHO
CHU3UTH pasdbpoc MeK 1y 3HAUCHUAMU TTOABUIKHO-
CTH CIIEPMATO30U0B, MOJYUEHHLIMU B PA3HBIX
OIIBITaX, ¥ TeM CaMbIM 0oJiee UeM Ha MOPANOK CO-
KpaTuUTh BpeMs U JAeHe)KHbIe 3aTPaThl, HeO0OXO1-
Mble JJIA TOJTyUYeHUA JOCTOBEPHOTO pe3yabTarTa.

Kntouesvle cnosa: cucreMHass OMOJIOTHA, CIIep-

MaTo30nabl, I'eT€POTreéHHOCTb, KPHMOKOHCEPBHUDPO-
BaHue.
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