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ABSTRACT

Background. The saiga antelope (Saiga tatarica) has recovered numerically in Kazakhstan, but its populations remain ex-
posed to mass mortality events that can remove a large share of a population within weeks. Viable somatic cell banking can
insure genetic diversity, yet no cryopreservation protocol had been reported for saiga cells. Aim. To establish primary fibro-
blast cultures from saiga ear skin and to compare post-thaw survival after passive and controlled-rate slow freezing. Methods.
Ear skin biopsies were collected from 50 adult saigas of the Betpak-Dala and Ustyurt populations. Fibroblasts obtained by ex-
plant culture were frozen at passage 2 either passively in cryovials with 10% dimethyl sulfoxide (DMSO; = —1 °C/min to —70
°C) or in 0.5 mL straws with 1.5 M DMSO or 1.5 M ethylene glycol (EG) after 2 h equilibration at 5 °C, using a programma-
ble freezer. Viability was assessed by trypan blue exclusion. Results. Cell outgrowth began on days 6—10 of culture. Passive
freezing reduced viability from 97.6% to 44.5% (p < 0.001), with high inter-individual variability (9-77%; CV 30%). Con-
trolled-rate freezing yielded 52.8 + 1.1% viable cells with DMSO and 62.1 £+ 1.0% with EG versus 85.8 + 0.8% in fresh con-
trols (p <0.001); EG exceeded DMSO by 9.3 percentage points and gave 27% more viable cells per straw. Both controlled-rate
treatments outperformed passive freezing and showed 2.9-3.5-fold lower variance. Conclusions. Controlled-rate slow freezing
with 1.5 M EG was the most effective protocol and was adopted for the first somatic cell cryobank of the saiga in Kazakhstan.
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1. INTRODUCTION

The saiga antelope (Saiga tatarica Linnaeus, 1766) is a
migratory ungulate of the Eurasian steppes and semi-deserts,
and Kazakhstan holds the great majority of its world popula-
tion in three main groupings — the Betpak-Dala, Ustyurt and
Ural populations. During the 1990s uncontrolled poaching
caused one of the fastest population collapses recorded for a
large mammal [1]. In addition, saigas are uniquely prone to
mass mortality events: in May 2015 more than 200,000 ani-
mals of the Betpak-Dala population died within three weeks
from haemorrhagic septicaemia caused by Pasteurella mul-
tocida serotype B, apparently triggered by abnormally high
temperature and humidity [2, 3]. Similar die-offs occurred in
1988, 20102012, and the causative strains appear to be sta-
ble commensals that become pathogenic under specific envi-
ronmental conditions [4, 5].

Owing to strict protection, the saiga has recovered spec-
tacularly: in 2023 the species was reclassified from Critically
Endangered to Near Threatened on the [IUCN Red List [6],
and the spring 2026 aerial survey estimated more than 4.6
million animals in Kazakhstan [7]. However, numerical re-
covery does not remove the risk of sudden losses, which may
intensify under climate change [2]. Because each die-off can
remove a large share of a population within days, and genetic
diversity lost during a bottleneck is not restored by popula-
tion growth alone, long-term preservation of the species’ ge-
netic resources remains a conservation priority.

Genome resource banks — collections of cryopreserved
gametes, embryos, tissues and viable cell cultures — are now
considered an integral part of integrated in situ and ex situ
conservation [8]. Among biobanked materials, skin fibroblasts

are the most accessible: they can be obtained from a small ear
biopsy taken during capture for marking or collaring, or even
post mortem, proliferate readily in vitro, and can be used for
karyotyping, genomic and physiological research, derivation
of induced pluripotent stem cells and somatic cell nuclear
transfer [8, 9, 10]. The value of such a collection, however,
depends directly on the efficiency and reproducibility of the
cryopreservation protocol, and on its ethical and practical sus-
tainability [11].

Cell survival during freezing is governed by two opposing
mechanisms: intracellular ice formation at high cooling rates
and “solution effects” (osmotic and solute injury) at low cool-
ing rates [ 12]. Permeating cryoprotective agents (CPAs) such
as DMSO, glycerol or EG reduce the amount of ice formed
at any temperature, but are themselves toxic and osmotically
active [13, 14]. Two practical approaches are used for slow
freezing of cells: passive cooling in an insulated container
placed in a —=70/—80 °C freezer, which gives an approximate
and uncontrolled cooling rate of about —1 °C/min, and con-
trolled-rate freezing in a programmable freezer, which allows
a pre-defined equilibration step and multi-stage cooling [13,
14]. DMSO (typically 10%) remains the standard CPA for cul-
tured cells, although its toxicity has stimulated a search for al-
ternatives [15]. For wild mammals, the optimal CPA appears
to be species-specific: EG outperformed DMSO for cryopre-
served skin tissue of an endangered deer [16], whereas no
difference was found for puma cells [17], and reduced CPA
concentrations were advantageous for manatee cells [18]. In
canine fibroblasts frozen with 1.2 M EG or 1.2 M DMSO,
membrane integrity 24 h after thawing was 55-75% [19].

To our knowledge, no data on isolation, culture and cryo-
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Figure 1. Experimental design. Fibroblasts derived from ear skin explants were frozen at pas-
sage 2 by passive (non-equilibrium) or controlled-rate (equilibrium) slow freezing and as-
sessed by trypan blue exclusion after thawing.

preservation of saiga somatic cells have been published, ei-
ther in Kazakhstan or elsewhere. The aims of this study were
therefore (i) to establish primary fibroblast cultures from ear
skin of saigas of the Betpak-Dala and Ustyurt populations;
(ii) to evaluate the post-thaw survival of saiga fibroblasts af-
ter passive slow freezing with DMSO; (iii) to compare DMSO
and EG under controlled-rate slow freezing with pre-equili-
bration; and (iv) to use the most effective protocol to estab-
lish a somatic cell cryobank of the species.

2. MATERIALS AND METHODS

2.1. Animals and sampling

Skin samples were obtained from the ear pinnae of 50
adult saigas of the Betpak-Dala and Ustyurt populations
during capture for satellite collaring/marking. After shaving
and disinfection with 70% ethanol, a skin fragment of approx-
imately 5 x 5 mm was excised and transported to the labo-
ratory in phosphate-buffered saline (PBS) with antibiotics at
20-25 °C within 72 h. All procedures were approved by the
Ethics Committee of the Institute of Genetics and Physiology,
Ministry of Science and Higher Education of the Republic of
Kazakhstan (protocol No. 4, 27 November 2023). The over-
all design of the study is shown in Figure 1.

2.2. Isolation and culture of fibroblasts

The samples were washed several times in PBS, cut into
fragments of about 1 mm? and placed in 25 cm? plastic culture
flasks with culture medium (explant method [20]). Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum (FBS), 2 mM L-glutamine and antibiotics
was used. Explants were cultured at 37 °C in a humidified at-
mosphere (85% humidity) with 5% CO:; half of the medium
was replaced every three days. Outgrowth of cells from ex-
plants and their proliferation were monitored daily under an
inverted microscope.
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2.3. Passaging

On reaching confluence, the monolayer was detached with
0.25% trypsin solution for 7-10 min at 37 °C. Trypsin was
inactivated by adding 5-20 mL of medium containing 10%
FBS, and the cell suspension was transferred to new flasks at
a 1:2 split ratio. Cells at passage 2 were used for cryopres-
ervation.

2.4. Passive slow freezing (non-equilibrium protocol)

The cell suspension was centrifuged at 160 x g for 10 min,
and the pellet was resuspended in FBS containing 10% (v/v)
DMSO (= 1.4 M; Sigma, USA) at 1-10 x 10° cells/mL. The
suspension was dispensed into cryovials, which were placed
in the wells of a polystyrene foam block (wall thickness 1 cm)
and transferred to a =70 °C freezer, giving a nominal cool-
ing rate of about —1 °C/min. After 24 h the cryovials were
plunged into liquid nitrogen (LN2, =196 °C).

2.5. Controlled-rate slow freezing (equilibrium protocol)

Two CPA solutions prepared in Dulbecco’s PBS (DPBS)
were compared: 1.5 M DMSO and 1.5 M EG (both Sigma,
USA). Cells were diluted with the CPA solution to a final
concentration of 2 x 10° cells/mL, loaded into 0.5 mL straws
(CryoBioSystem, France) and sealed (Minitube, Germany).
Straws were held at 5 °C for 2 h to equilibrate the cells with
the CPA, and then cooled in a programmable freezer Kryo
360-3.3 (Planer, UK) from 5 °C to —40 °C at —1 °C/min and
from —40 °C to —85 °C at —4 °C/min, after which they were
plunged into LN: (Figure 2).

2.6. Thawing and viability assessment

Cryovials and straws were thawed in a 37 °C water bath
(straws for 5 min); cryovials were first held briefly at room
temperature to allow residual LN2 to evaporate [20]. Cells
were washed free of CPA in a 20-fold excess of RPMI-1640
by centrifugation at 160 x g for 10 min, resuspended in com-
plete medium (10% FBS, 2 mM L-glutamine, antibiotics) and
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Figure 2. Temperature profiles of the two slow-freezing protocols. The controlled-rate profile is
the programmed set-point; the passive profile is nominal (= —1 °C/min to —70 °C) and was not re-
corded.

Table 1. Viability of saiga fibroblasts before and after passive slow freezing with 10% DMSO (n = 50)

Viable cells, % (M + o
Stage SEM) 95% CI SD Range
Before freezing 97.6+0.6 96.4-98.8 4.1 -
After thawing 44.5 + 1.9% 40.748.3 13.3 9-77

*p <0.001 vs before freezing (Welch’s t-test).

counted in a haemocytometer after staining with 0.4% trypan
blue [21]. Viability was expressed as the percentage of un-
stained cells. In the controlled-rate experiment, post-thaw vi-
ability was calculated as the number of viable cells recovered
after thawing divided by the number of cells frozen x 100;
fresh, non-frozen cells from the same cultures served as the
control. After assessment, the cells were returned to culture.

2.7. Statistical analysis

The biological unit was the individual animal (n = 50 per
treatment). Data are presented as mean + standard error of the
mean (SEM) and 95% confidence intervals (CI) unless stated
otherwise. Normality of distributions was assumed on the ba-
sis of sample size. Two groups were compared with Welch’s
t-test; the three groups of the controlled-rate experiment
(fresh, DMSO, EG) were compared by one-way ANOVA fol-
lowed by Tukey’s HSD test. Homogeneity of variances be-
tween freezing protocols was compared by the F-test. Effect
sizes are given as Cohen’s d. Differences were considered sig-
nificant at p < 0.05. Calculations were performed in Python
3 (SciPy 1.17).

3. RESULTS

3.1. Primary culture of saiga fibroblasts
Primary cultures were established from all 50 biopsies.

The first single cells migrated from the explants not earlier
than on day 6 of culture (on average on days 8—10) and pro-
liferated until a monolayer was formed. Ten to twelve days
after the onset of outgrowth, the monolayer covered approx-
imately one third of the 25 cm? flask surface. Cells had the
typical spindle-shaped fibroblast morphology.

3.2. Passaging

The optimal trypsinization time was 7—10 min at 37 °C.
Counting after dissociation showed 86—89% viable cells. After
the first passage, the growth rate increased markedly and the
culture became morphologically more homogeneous.

3.3. Survival after passive slow freezing

Passive freezing with 10% DMSO reduced the propor-
tion of viable cells from 97.6 + 0.6% before freezing to 44.5
+ 1.9% after thawing (Table 1, Figure 3), i.e. a loss of 53.1
percentage points (95% CI 49.2-57.0; Welch’s t = 27.0, df
=58.2, p<0.001; d =5.4). Thus, only 45.6% of cells that
were alive before freezing survived. Post-thaw viability var-
ied widely among animals, from 9% to 77% (SD 13.3%; co-
efficient of variation 30%).

3.4. Survival after controlled-rate slow freezing: DMSO
versus EG

Controlled-rate freezing significantly reduced fibroblast

Table 2. Effect of cryoprotectant on the survival of saiga fibroblasts after controlled-rate slow freezing (M + SEM, n = 50)

Cryoprotectant | Cells frozen, x10° Viﬁ';iiif;l,lsﬁfffr Viability, % 95% CI % of control
Fresh (control) | 2019.5+79.2 - 85.8 + 0.8 84.2-87.4 100
1.5 M DMSO 2102.1 £ 69.6 1109.9 + 64.8 528+ 1.1¢ 50.6-55.0 61.5
1.5 M EG 2278.5+75.9 14145 £52.5 62.1 + 1.00 60.1-64.1 72.4

Different superscript letters indicate significant differences (one-way ANOVA with Tukey’s HSD, p < 0.001).
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Figure 3. Viability of saiga fibroblasts before and after freezing. Grey: unfrozen cells (fresh control of the controlled-rate
experiment; pre-freeze cells of the passive-freezing experiment). NE — passive (non-equilibrium) freezing; EQ — con-
trolled-rate (equilibrium) freezing. Bars show means, whiskers 95% CI (n = 50 animals). Different letters indicate signifi-
cant differences (Tukey HSD and Welch’s t-test, p < 0.05).

Figure 4. Number of cells frozen and number of viable cells recovered after controlled-rate freezing with
1.5 M DMSO or 1.5 M EG (mean + SEM, n = 50). Recovery = viable cells after thawing / cells frozen x
100. The number of viable cells was higher with EG (Welch’s t-test, p < 0.001); the number of cells fro-

zen did not differ (p = 0.09).

viability compared with fresh cells for both CPAs (ANOVA:
F(2,147)=304.8, p<0.001, n?>= 0.81; Table 2, Figure 3). Vi-
ability was 33.0 percentage points lower than the control with
DMSO (95% CI 29.7-36.3; p < 0.001) and 23.7 points lower
with EG (95% CI 20.4-27.0; p <0.001). EG gave higher sur-
vival than DMSO: 62.1 £+ 1.0% vs 52.8 + 1.1%, a difference
of 9.3 percentage points (95% CI 6.0-12.6; Tukey p <0.001;
d=1.25). Relative to fresh cells, 72.4% of cells survived with
EG and 61.5% with DMSO.

The number of cells frozen per sample did not differ be-
tween CPAs (2278.5 £ 75.9 vs 2102.1 + 69.6 x 10% p = 0.09),
whereas the number of viable cells recovered after thawing
was 304.6 x 10° higher with EG (1414.5 £ 52.5 vs 1109.9 +
64.8 x 103 95% CI 139.0-470.2; p < 0.001), i.e. 27% more
viable cells per straw (Figure 4).
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3.5. Comparison of freezing protocols

Controlled-rate freezing with DMSO yielded 8.3 per-
centage points more viable cells than passive freezing with
DMSO (95% CI 4.0-12.6; p < 0.001; d = 0.76), and con-
trolled-rate freezing with EG yielded 17.6 points more (95%
CI 13.4-21.8; p < 0.001; d = 1.65). Besides a higher mean,
controlled-rate freezing gave much more reproducible results:
the variance of post-thaw viability was 2.9-fold lower with
DMSO and 3.5-fold lower with EG than after passive freez-
ing (F-test, p <0.001 for both), and the coefficient of variation
decreased from 30% to 15% and 11%, respectively.

3.6. Somatic cell cryobank of the saiga

Based on these results, controlled-rate freezing with 1.5
M EG was adopted as the working protocol, and a cryobank
of saiga somatic cells was established at the Institute of Zo-
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ology. The samples are stored in LN> at =196 °C. The collec-
tion will be expanded with samples from subsequent captures,
including animals of the Ural population.

4. DISCUSSION

This study reports, to our knowledge, the first protocol
for the isolation, culture and cryopreservation of saiga so-
matic cells. Fibroblast cultures were readily obtained from
small ear biopsies taken from live wild animals, confirming
that ear skin collected during routine capture and marking is
a practical and minimally invasive source of viable cells for
biobanking. In other wild mammals, fibroblast banks have
been established largely from skin collected post mortem [9,
10]; sampling live animals during capture allows a collection
to be expanded systematically without depending on mortal-
ity events. Notably, cultures were obtained from all biopsies
despite transport of skin samples for up to 72 h at 20-25 °C,
which indicates that the explant method tolerates the field lo-
gistics typical of remote steppe captures. The timing of ex-
plant outgrowth (6—10 days) is within the range reported for
fibroblasts of other wild species [10, 22].

The main finding is that the freezing protocol had a strong
effect both on the mean survival and on the reproducibility
of results. Passive freezing in an insulated box — the simplest
and most widely used method for lymphoid and other cultured
cells — preserved less than half of the saiga fibroblasts and
showed a very wide range of outcomes (9—-77%). The cool-
ing rate in such devices is not controlled and depends on the
position of the vial, the volume of the sample and the load of
the freezer, so the cells of different samples experience dif-
ferent conditions around the ice nucleation point. According
to the two-factor hypothesis [12], such fluctuations may shift
some samples towards intracellular ice formation and others
towards prolonged exposure to concentrated solutes. The ab-
sence of a controlled equilibration step and uncontrolled su-
percooling and ice nucleation probably explain both the lower
mean survival and the high variance. By contrast, the pro-
grammable protocol with a 2 h equilibration at 5 °C, a slow
cooling rate (—1 °C/min) through the critical zone down to
—40 °C and faster cooling (—4 °C/min) thereafter gave more
uniform conditions for all samples, which resulted in a 2.9—
3.5-fold lower variance. For a biobank, reproducibility is as
important as mean survival, because every sample represents
a unique individual and cannot be re-collected.

Under controlled-rate freezing, EG was superior to DMSO
at the same molar concentration (1.5 M): it increased post-
thaw viability by 9.3 percentage points and the yield of via-
ble cells per straw by 27%. This agrees with the results ob-
tained for skin samples of an endangered Neotropical deer,
where EG alone performed better than DMSO in slow freez-
ing [16], and it is noteworthy that both species are ruminants.
EG has a lower molecular weight than DMSO and permeates
cell membranes faster, which reduces the amplitude of os-
motic volume excursions during CPA addition and removal;
its lower chemical toxicity may also have mattered during the
2 h equilibration period [13, 14, 15]. However, the advantage
of EG is not universal: no difference between CPAs was found
for puma somatic cells [17], similar survival ranges were re-
ported for canine fibroblasts frozen with either CPA [19], and
for manatee cells the CPA concentration was more import-

ant than its type [18]. Studies on human haematopoietic cells
likewise show that lowering the DMSO concentration from
10% to 5% can improve post-thaw viability [23]. These data
indicate that CPA choice must be validated for each species,
and that CPA concentration is a further variable worth opti-
mizing for saiga cells.

The post-thaw survival obtained with the best protocol
(62%, or 72% of the fresh control) is comparable to values
reported for somatic cells of other wild mammals after slow
freezing [10, 19]. Importantly, a large number of viable cells
(about 1.4 x 10° per straw) remained, which is sufficient to
re-establish a culture from each straw. Tissue-level preserva-
tion (freezing of skin fragments) and vitrification of tissues
have also been proposed for wildlife biobanks, especially un-
der field conditions [22, 24, 25], and should be tested for saiga
as a complementary strategy for animals found dead or sam-
pled far from the laboratory.

The study has several limitations. First, the passive and
controlled-rate protocols differed not only in cooling profile,
but also in container (cryovial vs straw), carrier solution (FBS
vs DPBS), cell concentration and CPA concentration (10%
DMSO = 1.4 M vs 1.5 M), and the two experiments were per-
formed at different times; the comparison therefore concerns
complete protocols rather than the cooling rate alone. Second,
viability was assessed only by trypan blue exclusion immedi-
ately after thawing, which reflects membrane integrity but not
the ability of cells to attach, proliferate or maintain a normal
karyotype [21]. Third, the results were analysed at the level
of summary statistics per treatment, and a paired analysis of
cells from the same animals would have been more powerful.
Future work should include post-thaw attachment and popu-
lation-doubling assays, apoptosis and karyotype analysis, as
well as testing lower CPA concentrations and combinations
of EG and DMSO.

5. CONCLUSIONS

This study is the first to develop and test a complete work-
flow for the isolation, culture and cryopreservation of somatic
cells of the saiga antelope (Saiga tatarica), a species that, de-
spite its numerical recovery, remains vulnerable to mass mor-
tality and loss of genetic diversity. The results support the fol-
lowing conclusions.

1. Primary fibroblast cultures of the saiga can be reliably
established by the explant method from small ear skin biop-
sies taken from live wild animals during routine capture. In
DMEM, cell outgrowth begins no earlier than day 6 (on aver-
age on days 8-10), and 10-12 days later the monolayer cov-
ers about one third of a 25 cm? flask. Trypsinization for 7-10
min at 37 °C preserves 86—-89% viable cells, and after the first
passage the culture grows faster and becomes morphologi-
cally homogeneous. Skin sampling during marking and col-
laring is therefore a minimally invasive and practical source
of viable saiga cells.

2. Passive slow freezing with 10% DMSO in a polysty-
rene box at =70 °C, a simple and widely used method, pre-
served only 44.5% viable fibroblasts, i.e. fewer than half of
the cells that were alive before freezing. Outcomes varied
widely among individuals (9—77%; coefficient of variation
30%), which makes this method unreliable for a biobank in
which every sample represents a unique individual and can-
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not be collected again.

3. Controlled-rate slow freezing with a 2 h equilibration at
5 °C and two-step cooling (—1 °C/min to —40 °C, then —4 °C/
min to —85 °C) outperformed passive freezing both in mean
survival (by 8.3 percentage points with DMSO and by 17.6
points with EG) and in reproducibility: the variance of re-
sults decreased 2.9-3.5-fold and the coefficient of variation
fell from 30% to 11-15%.

4. Under controlled-rate freezing, 1.5 M ethylene glycol
was significantly more effective than 1.5 M DMSO: viability
was 62.1% versus 52.8% (72.4% and 61.5% of the fresh con-
trol), and each straw contained 27% more viable cells (about
1.4 x 10°%), which is sufficient to re-establish a culture from ev-
ery straw. The advantage of ethylene glycol is consistent with
data obtained for an endangered deer species and is probably
related to its higher membrane permeability and lower os-
motic stress during CPA addition and removal.

5. Based on these data, the following working protocol is
recommended for saiga fibroblasts: culture in DMEM with
10% FBS; cryopreservation at passage 2 at 2 X 10° cells/mL
in 1.5 M ethylene glycol in DPBS in 0.5 mL straws; equili-
bration for 2 h at 5 °C; controlled-rate cooling to —85 °C fol-
lowed by plunging into liquid nitrogen; thawing at 37 °C.
Passive freezing with DMSO is acceptable only as a back-up
option when a programmable freezer is not available, and the
viability of each sample should then be checked.

6. Using the recommended protocol, the first somatic cell
cryobank of the saiga in Kazakhstan has been established at
the Institute of Zoology, containing skin and fibroblast sam-
ples from 50 animals of the Betpak-Dala and Ustyurt popu-
lations. The collection serves as an insurance of the species’
genetic diversity against mass mortality events and as a re-
source for population genetic and genomic research, deriva-
tion of induced pluripotent stem cells and, in the future, as-
sisted reproductive technologies.

The practical value of this work is that the protocol can be
integrated into saiga monitoring programmes: skin samples
collected during annual marking will allow the cryobank to
be expanded systematically with material from different pop-
ulations, sexes and age groups. The approach is also applica-
ble to other Central Asian ungulates for which somatic cell
biobanks have not yet been established.
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KPUOKOHCEPBAIIUA COMATHYECKHUX KJIETOK CAUMTAKA (SA4IGA

TATARICA): BINSAHUE HEPABHOBECHOI'O U PABHOBECHOTI' O 3AMOPA’KUBAHU S HA
AKU3HECIIOCOBHOCTbDb ®UBPOBJIACTOB

E.M. Totiwuberos, A.A. I paues, M. Canomenosa, T. Hyprenos, b. Kamyb6aesa, /[. Touuwioex, U. Kymaesa,
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Jlabopamopus kpuobuonoeuu u 6u0banHKa 3apoovluLesoll niamol OUKUx xcugomuwix, PITI « Hncmumym
300n02uu» Komumema nayku Munucmepcmea nayku u gvicuieco oopazosanus Pecnyonuxku Kazaxcman,

A]Ul/lambl, Kazaxcman
*4emop xoppecnonoenm: Maouna Canmenosa, leleo@bk.ru

AHHOTAIUA

AKTyanbHOCTb. UUCICHHOCTD calraka (Saiga tatarica) B Kazaxcrane BOCCTaHOBHIIACH, OJHAKO €TO MOMYJISAIUH MO-
MIPEKHEMY TOJIBEPIKEHBI MaCCOBOMY TAJIEXKY, CIIOCOOHOMY 32 HECKOJIBKO HEZleNIb YHHUTOKUTh 3HAYUTEIILHYIO YacTh ITOIYIISIUH.
BaHK ’KM3HECTIOCOOHBIX COMAaTHYECKUX KIJIETOK MOXET CIIY)KUTh CTPaXOBBIM (DOHIIOM T€HETHYECKOTO pa3HOOOpasus, OJJHAKO
MIPOTOKOJIBI KPHOKOHCEPBALMHU KIIETOK caiiraka jo cux nop He Obua onucanbl. Llens. [TonyuuTs nepBUYHBIE KYIBTYPbI
(uOpoOIaCTOB M3 KOXKH yXa caiiraka U CpaBHUTH BEDKMBAEMOCTh KJIETOK MOCJIE MACCHBHOTO M MPOrPaMMHOTO MEAJIEHHOTO
3aMopaxuBaHus. MeTonbl. buonrtaTsl KoXH yxa noiy4deHsl oT 50 B3pOCibIX calrakoB OETIAKJaIMHCKONW U YCTIOPTCKOU
nomynsinuii. @uOpoOIIacThl, BBIJEIEHHBIE METOJIOM JKCILIAHTOB, 3aMOpa)XKMBajl Ha BTOPOM Iaccake JTMOO MacCUBHO B
kpuomnpobupkax ¢ 10% aumermicynbdokcuna (AMCO; = —1 °C/mun g0 —70 °C), 1160 B conomunkax oobémom 0,5 mi
¢ 1,5M IMCO unu 1,5 M stunerrnukois (30 mocne 2 4y sxkpuubparuu npu 5 °C Ha MporpaMMHOM 3aMOpaKHBaTele.
Ku3HeCcrocoOHOCTh OLIEHNBAJIH 110 UCKITIOUEHUIO TPUITAHOBOTO CUHET0. Pe3ysbTarbl. BBIX0/ KIIETOK U3 SKCIUIAaHTOB HAYMHAJICS
Ha 6—10-e cyTKU KynsTUBHpOBaHMs. [laccuBHOE 3aMOpakKMBaHUE CHU3UIIO XM3HECTIOCOOHOCTH ¢ 97,6 10 44,5% (p < 0,001) npu
BBICOKOW MHIMBHIYaJIbHOIM m3MeHunBOCTH (9—77%; CV 30%). [Tocne nporpaMMHOTO 3aMOpasKUBAHUSI JIOJIS KUBBIX KIETOK
coctaBuna 52,8 = 1,1% ¢ IMCO u 62,1 = 1,0% ¢ OI' npotus 85,8 £+ 0,8% B cBexxem koHTpose (p < 0,001); 3" nperzomen
JAMCO na 9,3 nporieHTHOTO IyHKTa U o0ectiedrt Ha 27% OoJbIle )KUBBIX KJIETOK B coloMuHKe. O0a BapraHTa porpaMMHOTO
3aMOpaKMBaHUsl PEB3OILIHN TACCHBHOE U Aaiu B 2,9-3,5 paza meHblIyto aucnepcuto. BeiBoasl. Hanbonee s dpexTuBHBIM
0Ka3aJI0Ch IPOrpaMMHOE MeJIeHHOe 3amopaxkuBanue ¢ 1,5 M OI'; 3ToT nmpoToKoI PHHST JUIs co3ianus nepsoro B Kazaxcrane
KpHOoOaHKa COMaTHYECKHX KIIETOK cairaka.

KurwueBble ciioBa: cairak; Saiga tatarica; puOpoONIACTHI; KPHOKOHCEPBALHS; STUIICHIVIMKOIb; IUMETHICYIIL()OKCHT;
6100aHK; OXpaHa TUKHX KUBOTHBIX.
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AHJATIIA

Ozexrimiri. Kazakcranma KuikTiH (Saiga tatarica) canbl KajnbiHa KeATeHiMEH, OHBIH MOMyIAIUAIAph! GipHele

arTa inrHe NOMYISAIUSHBIH e19yip OeJIiriH jK0s alaThlH JKallai KeIpbUTyFa Jli Jie YIIbIpan oTelp. Tipmritikke KaOinerTi
COMaTHKAJIBIK Xacymrajap 0aHKi FreHeTHKaIBIK 9pPTYPIITIKTI CaKTayablH CaKTaHABIPY KOpbI OoJia amasnsl, ajaina KHik
KacylragapblH KPHOKOHCEpBAIMsUIAy XaTTaManapsl OyraH JeifiH cumartanMarad. Makcarsl. KnikTiH KyJak TepiciHeH
¢ubpobIacTTapabIH OaCTaNKbI TAKbULIAPBIH ATy KSHE ITACCHBTI JKoHE Oaraapiamaisl Oasty My31aTyaaH KeHiHT1 KacyIanap/IbH
TIPIIUTIKKE KaOLIETTLIIrH calBICTRIPY. OficTepi. Kyiak Tepicinin Ononrarrapsl OeTnak/iana >koHe YCTIPT HOIyISIHsIIapbIHBIH
50 epecek KHiriHeH aJbIHABL. DKCILIAHT 91iciMeH OeJIiHIN abIHFaH (GHOpoOIacTTap EKiHIII MaccaXkaa He KpronpoOupKaapa
10% mumetmncymshokcuaner (JMCO; —70 °C-ka neitin ~ —1 °C/MuH) maccuBTi Typae, He 5 °C-Ta 2 caF 3KBIIIHOpaIvsiIaH
kein 1,5 M JIMCO nemece 1,5 M stunenrmukonsmer (317) 0,5 Mn conomuHKanapaa 6argapiaMansl My3/1aTKBIIITA
My3nateuLabl. Tiporirikke KaOUTETTUNIK TPUITaH KOTiH ciHipMey oniciMen Oaramannabl. Hotmwxkenepi. XKacymanapasia
9KCIUTAaHTApJIaH WIBIFYHl ecipynin 6—10-roymirinae 6actangsl. [laccuBTi My3aary Tipurimikke KaOineTTisikri 97,6%-nan
44,5%-ra neitin remenaetTi (p < 0,001), Oyt perre mapanap apachbIHIAFEl ©3repriluTiK oFapsl 6omasl (9—77%; CV 30%).
Barnapnamains! My3aatyaaH keiiH Tipi xxacymanapasie yieci IMCO-men 52,8 + 1,1%, OI'-men 62,1 + 1,0% Kypaasl, an kaHa
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Oakputayna 85,8 + 0,8% 6omner (p < 0,001); 3T AMCO-xaaH 9,3 malbI3nbIK TApMaKKa aChIIl TYCTI XoHE Oip COJIOMHHKAIAFbI
Tipi Jkacymanap canbiH 27%-fa apTTbipabl. barnapiamanbl My3aaTyablH €Ki HYCKachl 1a TaCCUBTI My3/1aTyllaH THiM/i 00JIIbI,
aI onapuslH aucnepeusicsl 2,9-3,5 ece Toemen 6onapl. Kopeiteinast. 1,5 M OI'-meH Oarnapnamaisl Oasy My3aaTy eH THIMIL
xarrama O0osibl sxoHe KazakcraHarbl KMIKTIH COMaTHKaIbIK jKacylaJapblHbIH aJIFaIlKbl KpHOOAHKIH KYPY YIIiH KaObUIIaHIbL.

TYﬁiH co3aep: I(I/IiI(; Saiga tatarica; pubpobrIacTTap; KPHOKOHCEPBALMS; ITHICHITIHKOIb; TUMETHICYIb(POKCH,;
6no0aHK; xabalibl )kaHyapJiapabl KOpray.
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