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ABSTRACT

Background. The saiga antelope (Saiga tatarica) remains exposed to recurrent mass mortality, and a bank of viable somatic
cells can insure its genetic diversity. Vitrification of saiga cells has not been studied. Aim. To establish fibroblast lines from
neonatal saiga calves and to compare three vitrification solutions under two cooling regimens. Methods. Ear skin explants
from 50 calves (25 males, 25 females) aged up to two weeks from the Betpak-Dala region were cultured in DMEM. Cells
were loaded stepwise with 20% dimethyl sulfoxide (DMSO), 20% ethylene glycol (EG) or 20% DMSO + 20% EG, each with
0.5 M sucrose, and cooled in 0.25 mL straws either in liquid nitrogen (—196 °C) or in subcooled nitrogen at —205 °C (super-
cooling ultra-rapid vitrification, SCURV). Viability was assessed by trypan blue exclusion (n = 50 lines per group). Results.
Cell outgrowth began on days 6—10 of culture. Two-way ANOVA showed effects of both the cooling regimen (p < 0.001;
1n? = 0.19) and the solution (p < 0.001; n* = 0.04), without interaction. SCURV increased viability by 6.1 percentage points
(95% CI 4.7-7.5), and the DMSO + EG mixture by 3.1 points relative to either single agent (p = 0.001); DMSO and EG did
not differ. The highest viability, 53.9 + 5.9%, was obtained with DMSO + EG under SCURV. Conclusions. The DMSO + EG
mixture combined with ultra-rapid cooling at —205 °C was the most effective vitrification protocol. Samples of all 50 calves
were added to the saiga somatic cell cryobank.
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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 most of its world population lives in Kazakhstan. After a
collapse at the turn of the century the species has recovered
markedly, and in 2023 it was moved on the IUCN Red List
from Critically Endangered to Near Threatened [1]. Numerical
recovery, however, does not remove the threat that is specific
to saigas — recurrent mass mortality. In May 2015 more than
200,000 animals of the Betpak-Dala population died within
about three weeks from haemorrhagic septicaemia caused by
Pasteurella multocida serotype B; the die-off coincided with
calving and followed a period of unusually warm and humid
weather [2, 3]. Similar events occurred in 1981 and 1988 [2],
and the P. multocida strains isolated in 2015 are identical to
those from the die-offs of 1988 and 2010-2012 [4]. The risk
is therefore systemic, and the genetic resources of the species
need to be secured in advance rather than after the next event.

Banks of viable somatic cells, often called “frozen zoos”,
are one of the tools for this purpose; the largest collection, in
San Diego, holds cell lines of 965 species [5]. Unlike gametes
and embryos, skin fibroblasts can be obtained from a small
biopsy of a live animal or post mortem, they proliferate
readily in vitro, keep the complete genome of the donor
and remain viable in liquid nitrogen for decades [6]. Their
value for conservation has been demonstrated by somatic cell
nuclear transfer (SCNT) from cryopreserved fibroblasts: a
gaur (Bos gaurus) was cloned by interspecies nuclear transfer
[7], a mouflon (Ovis orientalis musimon) from post-mortem
somatic cells [8], the first animal of an extinct subspecies,
the bucardo (Capra pyrenaica pyrenaica) [9], and recently

two Przewalski’s horses (Equus przewalskii) from a cell line
frozen for more than 40 years [10].

Cells are cryopreserved either by slow freezing or by
vitrification. Slow freezing uses low concentrations of
cryoprotective agents (CPAs) and is the most common
method, but survival depends on a compromise between
intracellular ice formation and solution effects, which requires
an optimal cooling rate for each cell type [11]. Vitrification
avoids ice altogether: at a sufficiently high CPA concentration
and cooling rate the solution solidifies as an amorphous glass
[12, 13]. Its main drawback is CPA toxicity [13, 14]. Toxicity
can be reduced by combining permeating CPAs, among
them dimethyl sulfoxide (DMSO) and ethylene glycol (EG)
[14-16], and by shortening the exposure time [17]. A higher
cooling rate lowers the CPA concentration needed to avoid
ice; one way to obtain it is to plunge samples into subcooled
(“slush”) nitrogen, which boils less and therefore does not
form the insulating vapour layer that surrounds a sample in
ordinary liquid nitrogen [18]. The warming rate is at least
as important as the cooling rate [19]. For somatic cells and
tissues of wild mammals, solid-surface vitrification with
faster heat exchange has proved more efficient than direct
vitrification in cryovials [20], and in puma somatic cells a
reduction in the concentration of DMSO or EG did not impair
survival, irrespective of the presence of sucrose [21].

Slow freezing of fibroblasts from adult saigas has been
examined by our group in a parallel study (Toishibekov et
al., submitted), but vitrification of saiga cells has not been
reported, and no cell lines have been described for neonatal
calves, which can be sampled during tagging in the calving
season. The aim of this study was to establish fibroblast lines
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Figure 1. Experimental design. Fibroblast lines from 50 calves were each divided into six aliquots, one per
combination of vitrification solution and cooling regimen (3 x 2 design, n = 50 per group). LN, — liquid
nitrogen; SCURV — super-cooling ultra-rapid vitrification in subcooled nitrogen.

from saiga calves of the Betpak-Dala population, to compare
three vitrification solutions based on DMSO and EG under
two cooling regimens (plunging into liquid nitrogen at =196
°C and ultra-rapid cooling in subcooled nitrogen at —205 °C),
and to add the material to the somatic cell cryobank of the
species. The objectives were: (i) to isolate fibroblasts from
ear skin explants and to describe their culture and passaging;
(ii) to evaluate post-warming viability after vitrification with
DMSO, EG and DMSO + EG under the two cooling regiments;
and (iii) to deposit skin and cell samples of all animals in the
cryobank for long-term storage.

2. MATERIALS AND METHODS

2.1. Animals and sampling

Skin samples were obtained from the ear pinnae of 50
saiga calves (25 males and 25 females) aged up to two weeks
in the Betpak-Dala region of Kazakhstan during capture
for tagging in the calving season of 2025. After shaving
and disinfection with 70% ethanol, a skin fragment of
approximately 5 x 5 mm was excised and transported to the
laboratory 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 design
of the study is shown in Figure 1.

2.2. Isolation and culture of fibroblasts

The samples were washed in PBS, cut into fragments
of about 1 mm?® and placed in 25 cm? plastic culture flasks
with culture medium (explant method). 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
atmosphere (85% humidity) with 5% CO,, and half of the
medium was replaced every three days. Outgrowth of cells
from the explants and their proliferation were monitored
under an inverted microscope.
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2.3. Passaging

The monolayer was detached with trypsin (0.25%) for
7—-10 min at 37 °C. Trypsin was inactivated by adding 5-20
mL of medium containing 10% bovine serum, and the cell
suspension was transferred to new flasks at a 1:2 split ratio.
Cells at passage 2 were used for vitrification. Immediately
before vitrification the cells were counted and their viability
was determined by trypan blue exclusion (section 2.6); the
suspension was adjusted to 1 x 10° cells/mL.

2.4. Vitrification solutions and CPA loading

Three vitrification solutions prepared in base medium were
compared: (1) 20% (v/v) DMSO + 0.5 M sucrose; (2) 20%
EG + 0.5 M sucrose; and (3) 20% DMSO + 20% EG + 0.5
M sucrose (all reagents Sigma, USA). CPAs were loaded in
three steps at room temperature (2224 °C): 25% of the final
concentration for 3 min, 50% for 3 min, and the vitrification
solution for 30 s, with 0.5 M sucrose at every step. Thus,
cells were exposed to 5%, 10% and 20% DMSO or EG in the
single-agent solutions, and to 5% + 5%, 10% + 10% and 20%
+ 20% in the mixture (DMSO + EG respectively). The total
exposure time was 6.5 min in all groups.

2.5. Cooling regimens

The cell suspension in vitrification solution was loaded
into 0.25 mL straws (CryoBioSystem, France), and cooled in
one of two ways. In the conventional regimen, straws were
plunged directly into liquid nitrogen (LN,) at =196 °C. In
the ultra-rapid regimen, straws were plunged into subcooled
nitrogen at —205 °C in a VitMaster vitrification device (IMT
Ltd., Ness Ziona, Israel) operating in the super-cooling ultra-
rapid vitrification (SCURV) mode (Figure 2). The device
lowers the temperature of liquid nitrogen below its boiling
point by reducing the pressure above it; subcooled nitrogen
does not boil on contact with a warm sample, so the insulating
vapour layer does not form and the cooling rate increases [18].
The straws, solutions and loading procedure were identical in
both regimens.
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Figure 2. VitMaster vitrification device (a) and the chamber temperature display showing —205 °C during vitrification in
the SCURV mode (b). Photographs by the authors.

2.6. Warming and viability assessment

Straws were warmed in a water bath at 37 °C for 5 min,
and the CPAs were removed by 0.5 M sucrose. Viability
before vitrification and after warming was assessed by
trypan blue exclusion: cells were stained with trypan blue and
unstained (viable) cells were counted in a haemocytometer
[22]. The recovery index was calculated as post-warming
viability divided by pre-vitrification viability x 100.

2.7. Storage

After vitrification, straws were transferred within 2-3
s into pre-cooled containers in an insulated vessel filled
with LN, placed in visotubes and goblets, and stored in the
canisters of Dewar vessels in LN, at =196 °C.

2.8. Statistical analysis

The biological unit was the individual animal. A fibroblast
line was established from each of the 50 calves, and the cell
suspension of each line was divided into six aliquots, one per
experimental group (n = 50 per group). Data are presented as
mean =+ standard deviation (M £+ SD) with 95% confidence
intervals (CI). The effects of vitrification solution (DMSO,
EG, DMSO + EQG) and cooling regimen (—196 °C, =205 °C)
were assessed by two-way analysis of variance (ANOVA)
with effect size n%; the main effect of solution was further
examined with Tukey’s HSD test. Within each cooling
regimen, solutions were compared pairwise with Welch’s
t-test and Holm’s correction, and the two regimens were
compared for each solution with Welch’s t-test; effect sizes are
%iven as Cohen’s d. The groups were analysed as independent;

because aliquots of the same lines were used in all groups,
this approach is conservative. Differences were considered
significant at p < 0.05. All statistical analyses were performed
in Python 3.11 using a custom-written analysis script.

3. RESULTS

3.1. Primary culture and passaging

Primary cultures were obtained from all 50 calves. Single
cells began to migrate from the explants not earlier than on
day 6 of culture (on average on days 8—10) and divided until
a monolayer formed. Ten to twelve days after the onset of
outgrowth, the monolayer covered about one third of the 25
cm? flask. The optimal trypsinization time was 7—10 min at
37 °C, and counts after dissociation showed 86-89% viable
cells. Viability of the suspensions used for vitrification was
96.5 £ 3.9%.

3.2. Viability after vitrification

Post-warming viability in the six experimental groups
is given in Table 1 and Figure 3. Two-way ANOVA showed
significant effects of both the cooling regimen and the
vitrification solution, with no interaction (Table 2). The
cooling regimen accounted for the largest share of variance
(m*>=0.185).

Averaged over the regimens, the DMSO + EG mixture
gave 51.1% viable cells, 3.1 points more than DMSO or EG
alone (48.0% each; 95% CI of the difference 1.0-5.2; Tukey
p = 0.001), whereas DMSO and EG did not differ (p > 0.99;

able 1. Post-warming viability of saiga fibroblasts depending on vitrification solution and cooling regimen (M + SD, n =

50 lines per group)

Cooling regimen Vitrification solution Viable cells after warming, % 95% CI | Recovery index, %
(M £ SD)

—196 °C (LN, plunge) 20% DMSO 45.6 +£5.9% 43.9-47.3 47.3
20% EG 44.1 £6.2° 42.3-45.9 45.7
20% DMSO + 20% EG 483 +£7.52 46.2-50.4 50.1
—205 °C (SCURV) 20% DMSO 50.4 £ 6.20%** 48.6-52.2 52.2
20% EG 51.9 £ 5. 4abksk* 50.4-53.4 53.8
20% DMSO + 20% EG 53.9 £ 5.9a%** 52.2-55.6 55.9

Viability before vitrification was 96.5 + 3.9% for all groups. Recovery index = post-warming / pre-vitrification viability x
100. Within each cooling regimen, values without a common superscript letter differ (Welch’s t-test with Holm’s correction,
p <0.05); *** p <0.001 vs —196 °C for the same solution (Welch’s t-test). All groups differed from the pre-vitrification

level (p <0.001).
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Table 2. Two-way ANOVA of post-warming viability (factors: cooling regimen and vitrification solution)

Source of variation df F P n?
Cooling regimen 71.42 <0.001 0.185
Vitrification solution 2 8.29 <0.001 0.043
Regimen X solution 2 1.56 0.21 0.008
Residual 294 — - -

n? — proportion of total variance explained by the factor.

Averaged over the solutions, SCURV raised viability from 46.0% to 52.1%, i.e. by 6.1 percentage points (95% CI 4.7-7.5;
Figure 4a). The increase was significant for each solution: 4.8 points with DMSO (95% CI 2.4-7.2; p <0.001; d = 0.79), 7.8
points with EG (95% CI 5.5-10.1; p <0.001; d = 1.34) and 5.6 points with DMSO + EG (95% CI 2.9-8.3; p < 0.001; d =

0.83).

Figure 3. Post-warming viability of saiga fibroblasts by
vitrification solution and cooling regimen. Bars show means,
whiskers 95% CI (n = 50 lines per group); the dashed line shows
viability before vitrification (96.5%). Within each regimen,
bars without a common letter differ (Welch’s t-test with Holm’s
correction, p < 0.05); *** p <0.001, —205 °C vs —196 °C for the
same solution.

Figure 4. Main effects of cooling regimen (a) and vitrification
solution (b) on post-warming viability (marginal means with 95%
CI from the two-way ANOVA; n = 150 per regimen, n = 100 per
solution). Different letters indicate significant differences ((a)
ANOVA, p <0.001; (b) Tukey’s HSD, p=0.001).

Figure 4b). Within the regimens, the advantage of the mixture
was significant for part of the comparisons: at =196 °C it
exceeded EG (p =0.009; d = 0.61) but not DMSO (p = 0.10),
and at —205 °C it exceeded DMSO (p = 0.014; d = 0.58) but
not EG (p = 0.16). DMSO and EG did not differ in either
regimen (p = 0.22 and p = 0.20).

The highest viability, 53.9 £ 5.9%, was obtained with
DMSO + EG under SCURV. In all groups viability after
warming was significantly lower than before vitrification (p
< 0.001), and the recovery index ranged from 45.7% (EG,
=196 °C) to 55.9% (DMSO + EG, SCURV).

148

4. DISCUSSION

This study provides the first data on vitrification of saiga
somatic cells and the first fibroblast lines from neonatal saiga
calves. With 50 lines per group, it shows that both the cooling
regimen and the composition of the vitrification solution affect
survival, and that their effects are additive.

The cooling regimen had the largest effect. Plunging
straws into subcooled nitrogen at —205 °C improved survival
with every solution, by 5-8 percentage points. Ordinary liquid
nitrogen is at its boiling point, and a sample plunged into it
is surrounded by a layer of nitrogen vapour that slows heat
transfer; subcooled nitrogen absorbs heat without boiling, so
cooling is faster [18]. The faster the sample passes through
the temperature range of ice nucleation, the lower the CPA
concentration required to avoid ice [12, 13]. Because warming
was identical in all groups (37 °C, 5 min), the differences
are attributable to cooling. The warming rate, however, can
be even more critical for survival than the cooling rate [19],
and faster warming is the obvious next step in optimising the
protocol. The cooling rates themselves were not measured,
and the effect of the regimen should be regarded as that of
the whole procedure.

The DMSO + EG mixture gave higher survival than either
CPA alone, whereas DMSO and EG were equivalent. This
agrees with the lower toxicity of CPA mixtures compared
with their components [14—16]. There is, however, a second
explanation that our design cannot separate from the first:
the mixture contained 40% permeating CPA against 20% in
the single-agent solutions, and a solution with a higher CPA
content is more likely to vitrify completely in a 0.25 mL straw.
The loading schedule was the same in all groups and short
(6.5 min in total), in line with the concentration-, temperature-
and time-dependence of CPA toxicity [17]. The effect of the
mixture was modest (d = 0.58-0.61 in the within-regimen
comparisons) and should be confirmed with functional end
points.

Other studies of somatic material from wild mammals
point in the same direction. In collared peccaries (Pecari
tajacu), solid-surface vitrification of skin, which provides
faster heat exchange, was more efficient than direct
vitrification in cryovials [20], and in pumas a reduction in
the concentration of DMSO or EG preserved the viability,
proliferative and metabolic activity of somatic cells,
irrespective of the presence of sucrose [21]. At the same time,
survival of saiga fibroblasts after vitrification (about 50%)
was lower than after optimised slow freezing of porcine ear-
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skin fibroblasts, where it exceeded 90% [23], and lower than
after controlled-rate slow freezing with 1.5 M EG in adult
saiga fibroblasts (62%; Toishibekov et al., submitted). The
two saiga studies differ in donor age, cell passage and method,
so they cannot be compared directly; nevertheless, for routine
banking of saiga fibroblasts controlled-rate slow freezing
remains a reasonable reference method, and vitrification in
straws needs further optimisation. Its advantage is that it does
not require a programmable freezer. Cryopreserved cell lines
of wild rodents have been shown to recover their viability
during subsequent culture [24], and this should be tested for
saiga lines.

The practical value of the work lies in the vulnerability of
the saiga to mass mortality, which has repeatedly affected the
Betpak-Dala population [2, 3]. The lines from 50 genetically
different calves of both sexes add to a cryobank similar in
purpose to the Frozen Zoo collections [5]. Their potential uses
include SCNT, as shown for the Przewalski’s horse cloned
from cells stored for decades [10], derivation of induced
pluripotent stem cells, and population genetic research.

The study has several limitations. First, viability was
assessed only by trypan blue exclusion immediately after
warming; this test reflects membrane integrity and may
overestimate or underestimate survival compared with
fluorescent assays, especially after cryopreservation [25].
Second, attachment, proliferation, mitochondrial activity and
apoptosis after warming were not evaluated. Third, the cooling
and warming rates were not measured, and warming was
not optimised. Fourth, the mixture differed from the single-
agent solutions in total CPA concentration, so the effects of
composition and concentration cannot be separated. Finally,
the effect of sex was not analysed, although the balanced
sample (25 males and 25 females) allows this.

5. CONCLUSION

1. Fibroblast lines were established from ear skin explants
of all 50 saiga calves of the Betpak-Dala population; cell
outgrowth in DMEM began on days 6—10, the monolayer
covered about one third of a 25 cm? flask 10—12 days later,
and trypsinization for 7-10 min at 37 °C preserved 86—89%
viable cells.

2. Post-warming viability of saiga fibroblasts depended
on both the cooling regimen (p < 0.001; n?> = 0.185) and
the vitrification solution (p < 0.001; n? = 0.043), without
interaction between the factors.

3. Ultra-rapid cooling in subcooled nitrogen at =205 °C
(SCURV) increased viability with all three solutions, by 4.8—
7.8 percentage points (6.1 points on average).

4. The 20% DMSO + 20% EG + 0.5 M sucrose mixture
was more effective than DMSO or EG alone (by 3.1
percentage points on average), while DMSO and EG were
equivalent; the best result, 53.9 £ 5.9% viable cells, was
obtained with the mixture under SCURV.

5. Skin and fibroblast samples of 25 male and 25 female
calves were deposited in the saiga somatic cell cryobank
and are stored at —196 °C for re-establishment of cultures,
molecular genetic research and assisted reproductive
technologies.
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BUTPUPUKALIUA ®PUBPOBJIACTOB KOXKU CAWTAKA (SAIGA TATARICA): BIUSIHUE COCTABA
KPUOIIPOTEKTOPA U YJIBTPABBICTPOI'O OXJIAXKIAEHUS ITPH —205 °C

E.M. Touwuberos, A.A. [paues, M. Caromenosa™, T. Hyprxenos, b. Kamybaesa, /[. Totwuwibek, U. Kymaesa, A. Xamuyrosa,
M. Becnanos, C. Becnanos, C. Canapbaes, C. Kaumapbaes, A. Qumupyx

Jlabopamopus kpuobuonozuu u 6uobanx cepmonnazmvl Ouxux dcusomuwtx, PITI « Ancmumym 30ono2uuy Komumema nayku
Munucmepcmea nayku u evicuie2o obpasosanus Pecnyonuxu Kazaxcman, Anmamol, Kazaxcman

*Aemop ona koppecnonoenyuu: Maouna Canvmenosa, leleo@bk.ru

AHHOTANUA

AkTyaasHocTs. Caifrak (Saiga tatarica) no-npexHeMy MOABEP>KEH MOBTOPSIONIMMCS MAaCCOBBIM ITaJeKaM, TI03TOMY OaHK
JKH3HECTOCOOHBIX COMATHUYECKHUX KJIETOK CIY)KHUT MPAKTHYECKOW CTPAXOBKOM €ro reHeTHUeCKOro pa3Hoodpasus. Butpudu-
KallMsl KJIETOK caiiraka He M3y4aliach.

Hean. [Tonyuuts nuHnu GpuOpoOIacTOB OT HOBOPOXKAEHHBIX CalirayaT U CPaBHUTH TPU BUTPUHUKAIMOHHBIX pacTBOpa
IIPY IByX PEXKUMAX OXJIAKIACHHUS.

MeToabl. DKCILIaHTBI KOXKH YITHOW PaKOBUHBI MoTy4deHsb! oT 50 caiiradat (25 camuos, 25 caMoK) B BO3pacTe 10 ABYX HeZIellb
B peruone bernaknana u KyiasTuBupoBansl B cpeqe DMEM. Knetku crynenyaro Hacsimanu 20% auMeTwicyab(poKCHIoM
(AMCO), 20% stunenrnukoinem (3I) nimm emecbto 20% JIMCO + 20% OT, xaxabiii ¢ 0,5 M caxapo3oi, B cotomutkax 0,25
MJT M OXJIQKJANT TIOTPYKEHUEM B xKuUIKUH a30T (—196 °C) mubo B nepeoxiaxnéaHom azote npu —205 °C (yabprpadbicTpas
BUTpHQUKAIM PU cBepXHU3KOH Temneparype, SCURV) Ha npubope VitMaster. JKuzHecriocoOHOCTb OILIEHUBAIIN 10
MCKJIFOYEHHIO TPUIIAHOBOTO cHHero (n = 50 JIMHUIT Ha TPyIITy) M aHAJIM3UPOBAIU ABYX(AKTOPHBIM AUCTIEPCHOHHBIM aHAJIM30M.

Pe3yabTaThl. BeIX0a KIIETOK U3 SKCIUIAHTOB HauMHaicA Ha 6—10-e cyTku KynpTUBHpoBaHus. Ha kxn3HecnocoOHOCTh
TI0CIIEe OTOTPEBA BIMSUIN U pexxuM oxiaxaeHus (p < 0,001; n?=0,19), u pacteop (p < 0,001; n*>= 0,04), 6e3 B3auMoaeHCTBHS
¢axropoB. SCURYV noBbImran ;ku3HeCIIocOOHOCTh B cpefiHeM Ha 6,1 nporienTHoro myHkTa (95% AU 4,7-7,5), emecs JIMCO +
OI' — Ha 3,1 myHKTa 10 CPaBHEHUIO € KaXK/IbIM U3 OJJHOKOMIIOHEHTHHIX pacTBopoB (p = 0,001); IMCO u OI He pa3nuyanuce.
Hanbonbmas xusHecnocooHocTs — 53,9 + 5,9% — nmomydena co cmecoio JIMCO + OT B pexxume SCURV. BoiBoabl.
Burpuduxanus ¢pudpobdnactos caiiraka Haubdonee apdexrusHa npu ucronszosanuu cmecu IMCO + OI' u ynprpadeicTpom
oxnaxaenun npu —205 °C. O6pasusl koxu 1 prdpobmacToB Beex 50 caiirauaT BHECEHBI B KPHOOAHK COMAaTHUECKHUX KIICTOK
caiiraka.

KuroueBble ciioBa: caiirak; Saiga tatarica; GuOpoOIaCTEL, BUTPUPHUKALINS; IEPEOXIAKIEHHBIA a30T; STHICHIIINKOIb; TH-
METHICYIB(GOKCH; KpHOOaHK.

KMUIK (SAIGA TATARICA) TEPICIHIH ®UBPOBJACTTAPBIH BUTPUDOUKALUAIIAY:
KPUOIIPOTEKTOP K¥YPAMBIHBIH KOHE —205 °C-TAFbI ACA KBIJITAM CAJIKBIHIATYAbIH 9CEPI

E.M. Touwubexos, A.A. I'paues, M. Canomenosa™, T. Hypkenos, b. Kamybaesa, /. Totimwibex, H. Kymaesa, A. Xamuykosa,
M. Becnanos, C. Becnanos, C. Canapbaes, C. Kaumapbaes, A. Yumupyx

JKabativl scanyaprnapoviy Kpuobuono2us sHcaHe Ypulk niasmacsl buobauxi sepmxanacset, Kazaxcman Pecnybnukacel foinvim
JHcoHe JHco2apwbi Oinim munucmpniei foinvim komumeminiy «3oono2ua uncmumymely PMK, Animamel, Kasakcman
*Xam-xabap ywin aemop. Maouna Canvmenosa, leleo@bk.ru

AHJATIA

O3exriniri. Kuik (Saiga tatarica) omi ne KalTasaHaTBIH KallMail KBIPBUTyFa YITBIPAIl OTHIP, COHIBIKTAH TipPIIUTIKKE Ka-
OLIeTTi COMAaTHKAJIBIK JKacyIajaap OaHKi OHBIH T€HETHKAJIBIK OPTYPILIITiH caKTayqblH MPaKTUKAIBIK Kemisi O0JIBII TaObUIaab!.
Kuik >xacymanapsia BUTpUGHUKaNusiay OYphIH 3epTTEIMETeH.

Makcarbl. XKaHa TyraH KHiK JakTapblHaH (uOpOOIACT KEeJiJNepiH aly jKOHE €Ki CANKBIHIATY PeXUMIHAE YII
BUTPHU(PUKAIMSIBIK €PITIHAIHI CANBICTHIPY.

Inictepi. Kynak KamkaHbl TepiCiHiH dKCIIaHTTAaphl beTmaknana aiiMareiHaa eki antara aeinri 50 makraH (25 epkek,
25 yprawsr) ansiasin, DMEM opraceinna ecipinai. XKacymanap 0,25 mn conomunkanapaa 0,5 M caxaposacer 6ap 20%
numermiicyiabpokenaner (JJMCO), 20% stunenrnukonsmer (3') Hemece 20% AMCO + 20% DT kocriackIMeH caTblian
KaHBIKTBIPBUIBIT, CYHBIK a30TKa 0aTeipy (—196 °C) Hemece VitMaster kypputrbichiHna —205 °C-TaFbl aca CalKbIHIAThIIFaH
azorta (SCURYV) cankpranareuiabl. Tipirinikke KaOieTTuIiK TpUIaH KOriH ciHipMmey aniciMeH Oaranannsl (ap Tonrta n = 50
JKeJIl) )KoHE eKi (paKkTOPIIbl TUCTIEPCHSUTBIK TalJayMEeH OHJIEII.

Hormxenepi. XKacymanapabiH SKCIUTaHTTApAAH IIBIFYHI ocipyniH 6—10-ms1 Toymirinae 6acranapl. JKiGiTyneH KeriHri
TIpIIUTIKKE KaOineTTijikke cankeiHaaTy pexumi (p < 0,001; n? = 0,19) ne, epitinai (p < 0,001; n? = 0,04) ne acep erTi,
(axTopapasH e3apa apekerrecyi OarikanMansl. SCURV Tipmminikke KaOiIeTTUTIKTI opTa ecenreH 6,1 maibI3apIK TapMaKka
(95% CA 4,7-7,5), AMCO + 2T xocnachl Oip KOMIIOHEHTTI €piTiHAIIEpAiH opKaHCHICBIMEH calbICThIpranaa 3,1 TapMakka
aptteipasl (p = 0,001); IMCO men OI apacsinza aibipManibuIsIK 0oaManbl. EH xoraps! kepeetkim — 53,9 + 5,9% — SCURV
pexamingeri JIMCO + DI kocracbIMEH aTbIHIIBL.
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KopsoiThinasl. Kuik ¢pubpodnactrapein Butpuduxanusiiay JMCO + OI' kocnaceiH naiiganansin, —205 °C-ta aca
JKBUIJIAM CAJIKBIHIATKaHIA eH THiMIL. bapibik 50 nakThiH Tepi xoHe GUOpoOIacT Yiriiepi KHiKTiH COMaTHKANBIK JKacyliaaap
KpHOOaHKIHE eHTI3UI].

Tyiiin ce3nep: xuik; Saiga tatarica; pudpodnacTTap; BUTPUPHUKALNS; aca CaIKbIHIAThUIFaH a30T; STHICHIINKOINb; TUMe-
THIICYTB(OKCH]; KPHOOAHK.
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