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The purpose of the research was to determine the regularities of influence of mammalian embryos
heterogeneity and effectiveness of cryoconservation steps on their viability by using the developed
simulation model. The model is based on analytical expressions that reflect the main causes of
embryonic mortality during in vitro and in vivo cultivation, crioconservation and embryo
transplantation. Reduction of viability depends on a set of biological factors such as the animal special,
donor and recipient state, quality of embryos, and of technological ones such as the efficiency of
cryopreservation method, and embryo transplantation. Fulfilled computer experiment showed, that
divergence of embryos viability depending on biological parameters variations changes in a range from
0 to 100%, whereas efficiency index of chosen technology has an inaccuracy about 1%. The
comparative analysis of alternative technologies of embryos cryopreservation showed the maximum
efficiency of stages of use of the cryoprotectant, freezing regime and in vitro and in vivo cultivation
of biological object. The application of computer modeling gives an opportunity to reduce the range
of embryos viability results, obtained in different experiments is many times, thereby to shorten the
time, monetary costs and the slaughter of laboratory animals in obtaining reliable results.
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The process of technology improving is
based on using of mathematical modeling
methods. Application of methods of
multifactorial analysis and optimization
is necessary condition for transformation
of extensive technology into the intensive
one. The result is a phenomenological model
that describes the interconnection between
the state of the object and its parameters by
using the regression equations. Application of
analytical models, which explain mechanisms
identified interconnections, is the basis for the
development of new technologies.

As an example can be considered a model
of dehydration cells that created by P. Mazur
that defines the optimal parameters for
cryopreservation of embryos [1]. With its help,
it was possible to obtain viable offspring from
deconservated embryos after two decades of
barren empirical researches. Intensification
of modern alternative cryobiotehnologies
which are based on the use of low and high
speeds of freezing and thawing, is limited by
the low reproducibility of the results, and as
a consequence — its incomparability. The
reason is the different initial state of gametes

and embryos, which is caused by the state of
the donor. Application of relative indexes
of biological object preservation increases
the reproducibility of results on average in
1.5-2 times [2, 3]. However, the problem of
the dependence of the proposed efficiency
indicators on the condition of native sperm
cells, oocytes and embryos of animals is still
open [4—6].

Application of analytical expressions,
which reveals the mechanism of changes in
the state of biological object, in conjunction
with regression expressions makes it possible
to develop the simulation model, which is
necessary for the computer experiment.

The aim of the study is to define the
patterns of influence of mammalian embryos
and the efficiency of cryopreservation steps
on their viability by using the developed
simulation model.

Materials and Methods

For our research were taken cow embryos
satisfactory, good and excellent quality,
which were on the stage of development from
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early morula up of expanded blastocysts. The
quality of the embryos was assessed in points
by their morphological condition [7] according
to the general accepted methods and results
of their in vitro development. Embryo search,
preparation for the experiment, obtaining
and washing—out of embryos were performed
according to the generally accepted methods
[8]. Experiments on animals were performed
according to the principles of “European
Convention for the protection of vertebrate
animals, which are used with the experimental
and other scientific purposes”.

Mediums that were used for cryopre-
servation of mouse embryos were prepared
based on Dulbecco solution (PBS) with 10%
fetal calf embryos serum. For the freezing
at the low speed as a cryoprotectant was
taken 1 M solution of glycerol for mouse, and
1.2 M for cow embryos. Embryos were
incubated for 10 min at a temperature
20 = 2 °C. As equilibration (duration of
equilibration is 10 min), and vitrification
(equilibration time of 1 min) cryoprotectant
solutions for freezing mouse embryos with
high speeds were used glycerol and sucrose
solutions of various concentrations (5,
10, 15, 20, 25, 30%), which were based on
Dulbecco solution (PBS) with the addition of
10% fetal calf embryos serum. Saturation of
cryoprotectant was performed in one or two
stages. After defrosting of containers for
removing cryoprotectant was used 0.5-0.7 M
sucrose solution. The sample temperature was
measured chromel-copel (B < 100 °C/ min)
and copper-constantan (B < 2:10® °C/ min),
thermocouples, junction diameter 0.3 and
0,1 mm respectively. Ultrahigh cooling rates
(B > 2:10% °C/ min) was recorded by means
of conductometric method [9]. Ulenguta’s
test tubes (V = 0.75 ml) and plastic straws
(d=2mm, V=200 mkl) were as containers for
the freezing of biological material. Embryo
cryopreservation was carried out in the freezer
ZEM-4 and in devices that were developed
by us. These devises use passive cooling of
the fuser in the neck of Dewar vessels X-34
(V =351)[9]. High speed freezing of mouse
embryos was obtained by direct stacking of
containers with biological object into the
liquid nitrogen. Thawing was performed
in a waterbath at 40 °C. The condition
of a biological object is characterized by
several criteria: safety — the suitability
of the biological object for the further use,
which is determined based on morphological
indicators; viability — a probability of
the biological object development in vitro;
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engraftment — the probability of biological
object development in vivo; the effectiveness
of cryopreservation stage — the value that
describes changes in biological object state
as a result of a predetermined operation;
reproducibility — the dispersion of the
results obtained by using a defined method of
cryopreservation; comparability — ability to
compare the results obtained using different
methods of cryopreservation.

The study was performed using embryos of
the same quality in each group to increase the
reproducibility of the results in the calculation
of indicators of preservation and engraftment.
Preservation of mammalian embryos S; f(1) is
defined as the ratio of the number of suitable
embryos for the further use n (excellent i = 5,
good i = 4, satisfactory i = 3), divided by the
initial number of specified quality embryos —
n

S;=n/n. 1)

To improve the accuracy of the estimate of
embryos with different quality, viability index
was used by the formula of average weighted
safety:

1 5
Vi=— 25", (2)
n, i=3

o 1

where n, — the number of i embryo quality
obtained after the experiment.

Initial safety of embryos of different
quality S,, determined after short-term
cultivation of the object in vitro S; £(1).

Engraftment of cows embryos P; f(3)
was calculated as a ratio of the number of

pregnancies — n to the total number of
implanted embryos i ** quality — N,
P;=n/n,, (3)

where ny — the initial number of embryos used
in the experiment.

Statistical analysis of the results carried
out according to the generally accepted
formulas of alternative method of variation
and quantitative analysis [10] through the
application of the standard and developed by us
software. Reliability of differences in control
and experiment groups was assessed using
Student’s t—test by comparing the average
values of safety, viability and efficiency that
were obtained for the experiment and control
group.

The accounting the individual
characteristics of biological object was carried
out by averaging the difference between the
paired parameters control-experiment [10].
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Reproducibility of cryopreservation results
was determined using the value of the standard
deviation and the coefficient of variation C,,.
As a control used experimentally obtained and
referenced from literature. The experimental
values obtained through the computer
experiment.

Results and Discussion

The need to create a simulation model lies
in the development of methods of generalized
of biological complex (Fig. 1, F, P, U, H)
and technological (k, t, z, T) factors for
determining the resistance of embryos (rz and
r,) the efficiency of technologies that were
used (W, and W}). Calculated parameters (r,
rp» Wq, Wr) determine the conditions of the
particular experiment. The model allows to
calculate the engraftment of embryos when
conducting a computer experiment using
the given parameters (Vy, ry, r,, Wy, Wr).
Simulation modeling ensures comparability
of empirical data (V, P) that was obtained
under different conditions of the study (V, ry,
rp» Wy, Wrp). Calculated efficiency indexes of
different technological stages (%, t, z, T') are
independent from the condition of biological
object (ry and r,), which greatly improves
the reproducibility of the results. The model
provides the opportunity to explore the
biological heterogeneity factors (Vy, V, P, ry,
r,, F, P,U, H), given the fact that each of them
depends on many interrelated parameters.

The basis of the proposed mathematical
model is Verhulst equation for describing
embryogenesis during preparation,
cryopreservation and embryos transplantation:

dU—r -U(1-UJ/K) , (4)
i

where U — the state of embryos, calculated
on the basis of preservation parameters f(1),
viability f(2) and engraftment f(3) depending
on their quality;

i — current number, which reflects the
quality of the embryos (excellent i = 5, good
i = 4, satisfactory i = 3, not satisfactory i = 2,
degenerated i = 1);

r — coefficient that reflects the rate, at
which embryos condition changes depending
on the physiological condition (quality) of the
donor or recipient;

K — coefficient that corresponds to the
initial embryos state.

The solution of the differential
expression f(4) gives a numerical value of the
embryo state U(V(i)), P(i) obtained from a
donor V(i) or transplanted to a recipient P(i):

U, -K-exp(r-i)
K-U, +U, -exp(r-i)

where U,, — the minimum value of the embryo
state;

r — coefficient that corresponds to the
state of the donor or recipient, which can

U(i)= ()

Technological characteristics
k- embryos cultivation
F - physiological the use of cryoprotectant
condition of the
animal
oo - =l
U-Livig ~ Bha,)

Productivit

> W,(k,t.2)
|,

2 Bayes

Fig. 1. Chart of computer study of embryos heterogeneity at different stages of cryopreservation
and transplantation:
Vo, Vg and Py, P, — viability and engraftment of native, deconserved embryo; r; and r, — resistance
of the donor and transplanted to the recipient embryos; W,; and W — the effectiveness of embryos
cryopreservation and transplantation technology
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be continuously varied from r = 1 — for the
problem animal to r = 2 — for the healthy one.

The analytical expression f(5) is determined
by computer modeling in analysis of
experimentally obtained values of preservation
f(1), vitality £(2) and engraftment f(3).

According to Bayes formula, the viability
of the specified quality deconserved embryos
V,4(i) can be expressed as the product of the
probabilities (in conventional units) that
corresponds to native embryo viability V(i)
and the effectiveness of the cryopreservation
technology W :

Vi@ =V, @)W, - (6)

The regression equation of depending
of embryos viability V; on their quality was
composed using least squares method (Fig.
2—-6). It was made for improving the accuracy
of analytical dependence V(i) and V(i). The
values of the efficiency of cryopreservation W,
calculated using the the proposed model f(6).

The error in determining of empirically
derived index of viability V; £(2) is determined
by assessing the state of biological object
specified quality, for embryos it is 5%
(0.5 points).

In generally accepted method of
cryopreservation evaluation according
to the average index of biological object
conservation, depending on its initial quality,
in different experiments, the difference
may be more than 10% . The necessity of this
transformation related to the fact that the
average values do not have information about
the status of the individual embryo, whereas
the proposed model V(i) in conjunction with
the empirically derived V; functions represent
individual properties of particular object.

The engraftment of native specified
quality embryos P(i) depends on the quality of
embryos and state of the donor a, in function
V(i) £(5) and the recipient a; Py(i) f(5) and
also on the value of the efficiency of embryos
transplantation technologies W :

P() =V, (i)-B(i)-W,. 7

Analytical expressions V(i) and Py(i)
is obtained using regression dependences of
experimentally determined values of native
cow embryos preservation during their short-
term cultivation f(1) and engraftment f(3),
(Fig. 2—6).

The probability of engraftment
deconservated embryos P,(i) is expressed
through the product of deconservated embryos

70

viability V, (i) and the effectiveness of
cryopreservation technology W, expressed in
units:

B0 =V,(0)-R(@)-W,=V,@)- B@)-W,-W,. (8)

To improve the accuracy of determining
the cryopreservation efficiency by reducing
the total variance this value is represented
as the product of the efficiency of the use of
cryoprotectant stages W,, freezethaw mode W,
and cultivation W, in vitro:

Wy =W, W W, =W, W,.  ©

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

V() =V, ()W, - W.
Vi@ =V,()-W, - W,

V@)=V @)W,
Va @)=V, (0)- W, -W,. (10)

To simplify the calculation procedure of
the main biotechnological parameters, the
software was developed in Microsoft Excel. A
graphical representation of calculated results
is shown in Fig. 2-6.

To test the proposed simulation model
f(4-10), we analyzed the data about the
engraftment of native and deconservated
cow embryos of satisfactory, good and
excellent quality, which we obtained in the
experimental farms of Ukrainka and Ahtyrka
[3, 11]. Embryos were frozen in plastic straws
(V=0.75ml) in a device that was developed by
us [9].

The experimentally determined values
(Fig. 2) of deconservated embryos preservation
of satisfactory — excellent quality differ
by 58%, it is 34.7 = 3.2% (n = 331) for
satisfactory quality and 92.6 = 1.5% (n = 324)
for good quality. The range of values of
deconservated embryos viability is 49% and
engraftment is 32% . Regressional relations of
indexes of native and deconservated embryos
of cows on their quality are as follows: for
engraftment and viability, approximating
coefficients are R? = 0.999 and R? = 0.997,
respectively.

Indexes for native and engraftment
deconservated embryos: for satisfactory
quality — about 20% (21.6 = 5.9; n = 68
and 19.1 = 6.2; n = 72), good quality —
40% (40.2 = 3.1%; n = 81 and 37.8+3.7%;
n=178), excellent quality — 50% (563.2 +3.2%;
n=48 u 51.2 = 3.4%; n = 46), respectively.
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0 y=0.019x5- 0.276x%+ 0.909x* + 1.015x3- 4.23x2 s
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. Pu(i)
-10 >

Quality of embryos, points

Fig. 2. Dependence of the viability of native V(i) and deconservated V ;(i) cow embryos and engraftment
P,(i) and P;(i) on their quality:
effectiveness of cryopreservation technology — W, = 95%, and transplantation — W, = 65% ; coefficients

which indicate the status of donors — ry = 1.4 and recipients — r; = 1.64; minimum an% maximum values of

embryo viability — V,, = 1.1 and K = 99

100

90 y=-0.238x°+3.945x3- 24,02x* + 62.43)¢2 36x4+21.87x+

1.365
7

80 R=0949 e average productivity
70 of donors Fofi)
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y=-0.07 64+ PA77x5-7.100x%+ 17.70x3-12.11x2+ 6.137x +
o 1346+ A

/ 1.519
10 R=0.997 == problem
0 animals V(i)
0 1 2

3 4 5
Quality of embryos, points

Viability,%

=@~ high productivity of
donors V(i)

Fig. 3. Dependence of the native cow embryos viability V (i) on the quality and condition of the donor:

efficiency of cultivation technology — W, = 99%; coefficients that reflect the state of the donor with an
average productivity — ry= 2.0, high productivity — ry=1.7, and for problem animals — ry = 1.6; maximum
values of embryo viability for donors with an average productivity — K = 98, high productivity — K = 62, for
problem animals — K = 60; the minimum value of embryo viability — V,, = 1.5
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The discrepancy between the values, which
were obtained experimentally and calculated
(regression relatios), no more than 5%
for embryos of different quality. Index of
efficiency of cryopreservation is 95.0 = 1.0
(n = 328) and of transplantation 65.2 = 0.5%
(n = 321) (Fig. 2). The values of engraftment
and viability of embryos, which were calculated
based on the analytic dependences f(5—8) in
conjunction with the regression one, disperse
with the data determined by us experimentally,
less than 5%.

The approbation of the proposed simulation
model on the data, which is presented in
the literature [11, 12], demonstrates high
convergence of results of healthy animals
with medium and high productivity (Fig. 3).

The results demonstrate that the
physiological condition of the donor
significantly affects the viability of embryos.
Healthy animals (r = 2.0) provide high viability
of embryos (K = 98), and problem animals
(r=1.6) — low viability (K = 60) (Fig. 3).

Analysis of the literature data provided
an opportunity to calculate the maximum
value of the of native cow embryos viability
K f(4), obtained from healthy donors with

medium and high productivity, and also from
problem animals — 98, 62 and 60 respectively.
Maximum viability of native cow embryos that
used in the experiments — K = 99 (Fig. 2).

We have carried out a comparative analysis
f(4-10) of the data from the literature [12]
about the complex influence of embryos and
their donors quality at cryopreservation
technology (Fig. 4). The experimentally
obtained and theoretically calculated values
differ by no more than 5%.

The value of efficiency embryo of
cultivation in vitro is 99.0%, cryopreservation
using software freezer in 1.4 M glycerol
solution is 96.8% ; 1 M — 90.2%; 1.5 ethylene
glycol — 88.0%; by using the method of
vitrification — 82,3%.

Also, for approval of the proposed model,
was conducted an experiment on mouse
embryos. Embryos were frozen in a device
that was developed by us [9]. Experimentally
obtained values along with data of
mathematical model are in Fig. 5.

The error of model for evaluating status
of the native and deconservated embryos was
0.2% because the value of the approximation
coefficient is R = 0.998 (Fig. 5, A).

Viability of native embryos obtained from

a donor with:
—&4— Vo— average

productivity
Vo— high productivity

V,— problem
- I

Viability,%

" Viability of deconserved

embryos using:
i Pd— average speed (1.4 M of glycerol)

—e— F/3— high speed (1.4 M of glycerol)

Quality of embryos, points

=@~ Vi— software freezer (1.4 M of glycerol)

== V3— average speed (1 M of glycerol)

s 13— low speed (1 M of glycerol)

. Vg — software freezer (1 M of glycerol)
Vi— average speed (1.5 M of ethylene

== glycol)

== Va—low speed (1.5 M of ethylene glycol)

5 Va— software freezer (1.5 M of ethylene

glycol)

Fa— method of vitrification

Fig. 4. Dependence of the viability of native (V) and deconservated (V ;) cow embryos on their quality and
efficiency of cryopreservation:
efficiency of embryos cryopreservation technologies at low speed: W;=97% at 1.4 M and W;=90% at 1.0 M of
glycerol; W,;=88% at 1.5 M of ethylene glycol, and at high speed — W ;= 82% . Coefficients of donor condition:
for healthy animals with an average productivity — ry= 2 and with high productivity — ry = 1.2, for problem
animals — ry = 0.9; minimum and maximum values of embryo viability — V,, = 1.5 and K = 99 for healthy and

K =92 for problem animals
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Quality of embryos, points

Fig. 5. Dependence of native mouse embryos V(i) and deconservated V(i) viability on their quality:

A — effectiveness of cryopreservation technology — W ;= 95% ; coefficient of donor status — ro = 1.7; minimum
and maximum values of embryo viability — V,, = 1.5 and K = 974;

B — effectiveness of cryopreservation technology in experiment — W,;; = 90% and control — W, = 78%;
coefficient of donors viability — ry = 1.6; minimum and maximum values of embryo viability — V,, = 2
and K =95

73



BIOTECHNOLOGIA ACTA, V.9, No 4, 2016

The effectiveness of different methods and stages of mouse embryos cryopreservation W,

in terms of the use of cryoprotectant W, mode and freeze-thaw mode W,

Step effectiveness rates, M = m, %
The ra'te Amount, Pre§erva- Viability,
of freezing, tion, o .
°C/min pcs S % Var Cryopreser- Equilibra- Freezing
dk> vation, W, tion, W, w,
0.3 18 83.3+8.8% 76.9+5.0% 96.0+1.5% 99.6+0.7%
95.4+0.9%
0.1+1% 62 85.5+4.5% 79.6+2.5% 94.7+1.5% 99.2+0.4%
1.68x10° 56 51.8+6.7° 50.9+2.6° 65.9+1.7° 74.7+1.5° 87.7+0.4°
6.24x103 68 54.4+6.0° 52.6+2.4° 68.0+1.5° 74.4+1.5° 90.0+1.1°
11.8x10° 54 70.1+6.1%° 64.1+3.0° 82.9+1.2° 88.4+1.6° 93.9+2.0°

Note: as a container was used plastic straw;

* — Ulenguta’s test tube; a, b, c — P > 0.95. Control is a value of preservation, viability and effectiveness,
by means of which has been compared one technology to another.

Consequently, the effectiveness evaluation
error is 0.4% as a result of errors additivity
estimates of native and deconservated
viability f(6).

For the approbation of proposed model were
analyzed the differences between viability
of mouse embryos frozen in Ulenguta’s test
tubes and plastic straws. Mouse embryos were
divided into homogeneous groups according
to their initial quality: satisfactory, good,
excellent. ygoBierBopuTeabHOE, XOpoliee,
orauuHoe. Then they were frozen: control —
in test tubes, and experiment — in straws.
Amount of embryos in each group — from 26
to 40 pcs.

Approximation coefficients were calculated
using a regression of depending the viability
of mouse embryos on their quality. For native
embryos it is R? = 0.989, deconservated in
experiment — R? = 0.982 and control — R? =
0.979 (Fig. 5, B). Application of the calculated
value of cryopreservation effectiveness W,
f(6) variances in experiment and control 12%,
error in the determination is 2.9 and 3.2%,
respectively.

To determine the efficiency of mouse
embryos cryopreservation steps during
their low and rapid freezing we analyzed the
parameters that determine a method of using
a cryoprotectant and freezing mode (Table).
As a control were values of preservation,
viability and efficiency. By using these values
were compared one technology with another.
The efectiveness of cryopreservation by using
high speed freezing is 65.9 + 1.7%, at low
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indicators of cryoprotectant usage — 74.7
* 1.5% and freezing mode — 87.7 = 0.4%,
that ensures the preservation — 51.8 £ 6.7%
(n = 56). Increasing the freezing rate 7 times
improves the efficiency of cryopreservation to
82.9 = 1.2%, cryoprotectant — 88.4 = 1.6%,
freeze mode — 93.9 = 2.0%, that ensures the
preservation — 70.1 + 6.1% (n = 54). The
biggest loss of viability of embryos observed
during the procedure of cryoprotectant
saturation-removing, especially using the
vitrification methods.

Proposed mathematical model makes it
possible to quantify embryos heterogeneity
in the evaluation of the effectiveness of
different methods of cryopreservation.
It promotes a multiple increase of
reproducibility and ensure conditions
for their comparability. Quantitative
accounting of different embryo quality
greatly increases the reproducibility of
the experimental results, which allows to
reduce the number of experiments more
than 10 times for obtaining the valid result.
Application of proposed viability and
efficiency indexes reduces the variation
of obtained values up to quantities of the
error. Improving the accuracy of embryos
quality evaluation according to their
morphological indexes up to 0.5 points
and differentiation of cryopreservation
stages increases the reproducibility of the
experimental results.

The proposed simulation model is
recommended to use for increasing the
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accuracy of the mammalian embryos viability
assessing and for accounting of their quality
at the various stages of the cryobiological
operations. This model combines the
regression equation of experimentally
obtained values and the analytical
expressions f(4—-10), which summarize
the multidirectional data. Application of
quantitative method of embryos viability
determination by using video fixation
and subsequent image processing allows
reducing their number in times in comparison
with the conventional visual method of
assessing the preservation.

Thus, the developed simulation model
describes the dependence of deconserved
mammalian embryos viability on their quality
at the beginning of the experiment and the
efficiency of cryopreservation. The use of the
model greatly increases the reproducibility of
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KOMIT'IOTEPHE MOJEJIOBAHHS
SATUBEJI EMBPIOHIB
3A KPIOROHCEPBYBAHHSA

JI. B. I'opbyHos
€.I. YepHascovka

HamionanbHuil TeXHIiYHUEN YHIiBEPCUTET
«XapKiBCBbKUH NOJiTeXHIUHUY IHCTUTYT» ,
Ykpaina

E-mail: 4g8lv@i.ua

Mera po6oTy — BUBHAUEHHS 3aKOHOMipHOC-
Tell BIJINBY TeTE€POTEeHHOCTi eMOPiOHIB ccaBIliB
Ta e(PeKTUBHOCTI eTaliB KpioOKOHCEPBYBaHHA Ha
IXHIO XXUTTE3NATHICTD 32 JOIIOMOTOIO PO3pob.Ie-
HOi iMmiTamiinoi momesni. B ocHOBY MomeJi 1mo-
KJaJeHo aHAJITHUYHUKN BUpAas, I0 Bimobpakae
OCHOBHI mpuYmHU eMOpioHAIbHOI CMEPTHOCTI
y mpolieci KyJIbTUBYBaHHA B yMOBax in vitro ta
in vivo, KPIOKOHCEPBYBAHHA Ta TPaHCIJIAHTAIil
3apOJKiB. SHMIKEHHA KUTTE3NATHOCTI BaJIEKUTH
Big Hua3Ku GiosoriuHux paKTOPiB, 30KpemMa BUIY
TBapMUHU, CTAaHy AOHOpA i penumieHTa, AKOCTi
eMOpioHiB, a TAKOK BiJf TEXHOJOTIUHUX — edeK-
TUBHOCTI CITOCO6iB KPiOKOHCEepBYBaHHS i TpaHc-
miaHTaIii em6piomis.

3ailficHeHNII KOMII IOTePHUN eKCIePUMEHT
moKasaB, 110 PO30iKHICTL JKUTTE3LATHOCTL eM0-
pioHiB 3ajyie;kHO Bij Bapiarii Oiosoriumux ma-
pamerpiB saminioeTbesa Big 0 o 100% , Tomi ax
TMOKa3HUK e(PEeKTUBHOCTI 0OpaHOI TexXHOJIOTiI
opu mboMy Mae moxubKy 6amsbko 1% . ITopis-
HAJBHUN aHaJi3 aJbTEePHATUBHUX TEXHOJIOTiN
KPiOKOHCEepBYBaHHS eMOPiOHIB CBiJUUTH HPO
MaKCcuMaJbHy e()eKTUBHICTh eTalliB 3aCTOCyBaH-
HA KPIioIpoTeKTOpa, PEXKUMY 3aMOPOKYBAHHS 1
KYJIbTUBYBaHHSA 00’€KTa B YMOBax in vitro ta in
vivo. 3acTOCYBaHHA KOMII IOTEPHOTO MOJAEJIO-
BaHHA JIa€ 3MOT'Yy 3HU3UTHU y 6araTo pasiB pO3KuUs
ITaHUX KUTTE3NATHOCTI eMOpPioHiB, OTPUMAaHUX
y Pi3HUX JocJjimax, i TUM caMuUM OiJbIIT HixK Ha
HOPANOK CKOPOTUTH YaC, SMEHIIUTHU I'DOINOBi
BUTpaTu Ta 3ab6iit 1abopaTOpHUX TBAPUH 3a Ofep-
JKaHHS TOCTOBIPHOTO Pe3yJIbTarTy.

Knwuoei cnosea: KpioKoHcepBallid, eMOpionu,
CMEPTHICTE.
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KOMIIBIOTEPHOE MOJEJNPOBAHHUE
I'NBEJIN OMBPUOHOB
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JI. B. 'opbyros
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HamnuonanbHBIN TEXHUYECKUT YHUBEPCUTET
«XapbKOBCKUH MOJUTEXHUUECKUN UHCTUTYT» ,
Yrpanua

E-mail: 4glv@i.ua

ITenp paboThl — ompefesieHre 3aKOHOMEDPHO-
cTeil BAUAHUS TeTEPOTeHHOCTH SMOPMOHOB MJe-
KomuTamomux u 3(PeKTUBHOCTU 3TAIOB KPHUO-
KOHCEPBUPOBAHMUA HA UX KU3HECIIOCOOHOCTDH IIPU
HOMOIINK pas3paboTaHHON MMHUTAIIMOHHON MOIe-
au. B 0CHOBY MOZe/IN TTOJIOKEHO aHAJIUTUUYECKOe
BBIPa’KeHNUe, OTpaskaroliee OCHOBHBIE IIPUYNHBI
SMOPUOHATIBHOM CMEPTHOCTHU B IIPOIIECCE KYJIbTHU-
BUPOBAHUA B YCJIOBUAX in Vitro u in vivo, Kpuo-
KOHCEePBUPOBAHUSA U TPAHCIJIAHTAIIUU 3aPOMbI-
mreti. CHU)KeHUe "KU3HECTTOCOOHOCTU 3aBUCUT OT
pAna 6uosornyeckux (PaKTOPOB, TAKUX KaK BU[
KMBOTHOT'0, COCTOSHME JOHOPA U PeIlUIIMeHTa,
KayecTBO 9MOPHOHOB, a TaKiKe OT TEXHOJIOTUYe-
cKux — 3G (GEeKTUBHOCTU CIIOCOO0B KPUOKOHCED-
BUPOBAHUA U TPAHCILJIAHTAIITUY SMOPUOHOB.

IIpoBemeHHBIIT KOMOBIOTEPHBIN 9KCIIEPUMEHT
MoKasaj, UYTO PAacXOoKIeHNe *KU3HeCI0COOHOCTH
9MOPMOHOB B 3aBUCHUMOCTU OT Bapuanuu Ouo-
JIOTUUYECKUX MapamMeTpoB uameHserca ot 0 mo
100%, B TO BpeMdA Kak ImoKasaTesb 3(GeKTUBHO-
CTU BBIOPAHHOM T€XHOJOTUU IPU 3TOM UMEET IIO-
rpemrHocTb 0K0J0 1% . CpaBHUTENbHBIN aHAIUS
aJbTEePHATUBHBIX TEXHOJIOTUH KPUOKOHCEPBU-
pOBaHUSA SMOPUOHOB CBUAETEJIHCTBYET O MaKCHU-
MaJbHON 5 (PEeKTUBHOCTU STAMOB MPUMEHEHUI
KPUOIIPOTEKTOPA, PEKUMA 3aMOPaKUBAHUA U
KYJIbTUBUPOBAHISI 00bEKTAa B YCJIOBUAX in Vitro u
in vivo. IIpuMeHeHIe KOMIIBIOTEPHOT'O MOIEJIUPO-
BaHU JAaeT BO3MOMKHOCTH MHOTOKPATHO CHU3UTD
pasbpoc JaHHBIX KU3HECIIOCOOHOCTH 9MOPIOHOB,
MOJIYUeHHBIX B Pa3HBIX OMBITAX, W T€M CAMBIM
0oJiee UueM Ha MOPAJOK COKPATUTHb BPEMSA, YMEHb-
ITUTD JeHeKHbIe 3aTPaThl U 320011 1a00PaATOPHBIX
JKUBOTHBIX IPU NOCTUMKEHUU NOCTOBEPHOTO pe-
3yJbTaTa.

Knwouesvie cnosa: KPUOKOHCEpBUPOBaHUE, 9M0-
PHUOHBI, CMEPTHOCTbD.





