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RELEVANCE OF THE USE
OF POSTMORTEM BIOMATERIAL OF DOMESTICATED
YAK (BOS GRUNNIENS) TO OBTAIN STEM CELLS
FROM BONE MARROW

D.V. Dashko, I.1. Silkin

The development of new technology methods for cryopreservation of animal cells
has contributed to the introduction of stem cell banks for clinical use, including
transplantation and regenerative veterinary medicine, and their further use to avoid
problems of donors’shortage. The research aims to determine the possibility of using
the bone marrow of a domesticated yak as a source of stem cells after slaughter.
Moreover, we should determine the suitability of post-mortem biological material
for obtaining stem cells based on the index of proliferation and viability of cultured
cells. Therefore, we used the following materials and methods: bone marrow, obtained
from the femur of a domesticated yak in the post-slaughter period. Bone marrow
samples were taken in compliance with the rules of asepsis in a sterile test tube.
Thus, we added 0.25% trypsin solution to the biomass (the ratio of bone marrow
to the solution is 10:1) and placed it in a refrigerator (t +40 °C) for 24 hours for
enzymatic disaggregation. Furthermore, we carried out the culturing of the obtained
cells in a CO2 incubator according to the standard method with passivation after
the formation of a monolayer by 90%—100%. When culturing a suspension of cells
obtained from post-slaughter bone marrow material, we noted the appearance of
cell colonies six days after sowing. Periodic passivation of stem cells contributed to
an increase in the biomass of actively proliferating cells. In addition, we found that
stem cells isolated from post-slaughter bone marrow material of domesticated yak
have significant proliferative potential, as evidenced by proliferation indices in the
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range from the first to the third passages and high cell viability. Thus, one can use the
obtained post-mortem material in the form of the bone marrow of a domesticated yak
as an additional source of stem cells. This post-mortem biological material is suitable
for the isolation of stem cells 72 hours after the slaughter of an animal, which opens
up the possibility of its transportation over long distances.

The scientific novelty of the research is in the context of the international Convention
on Biological Diversity, which means the variability of living organisms from all sources,
including ecosystems and ecological complexes they are a part of. Within the strategy and
action plan for the conservation of biodiversity of the Russian Federation, the ecosystem
service of livestock production is significant for preserving the traditional way of life of
the indigenous peoples of Siberia and the Russian Far East (it has regional and local
significance). This global problem can be solved by (1) developing cell technologies for
species not yet involved in it and (2) improving existing ones.
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AKTYAJIBHOCTB UCITOJIB3OBAHUSA
IHOCMEPTHOI'O BUOMATEPHUAJIA JOMAIIHEI'O
SAKA (BOS GRUNNIENS) JJIAA ITIOJTYYEHUSA
CTBOJIOBBIX KVIETOK N3 KOCTHOI'O MO3TrA

J.B. Jawko, U.H. Cunkun

Paseumue memooos cospemennoll mexnoio2uu KPUOKOHCePS8Ayull K1emox
JHCUBOMHBIX CROCODCMBOBANIO 8HEOPEHUIO KOHYEeNnyuu co30anus ODAHKO8 Cmeo-
JIO8bIX KIEMOK OJisi KIUHUYECKO20 NPUMEHEHUsl, GKII0YUAs MPAHCRAAHMAYUIO U
PpeceHepamugHyIo 6emepuHaphyio MeOUyuny, u ux OaibHelue20 ucnoIb3068anUs
60 usbexcanue npobiem ¢ Hexeamrou 00Hopos. Llenb 0anHo20 ucciedosanus —
onpedenums 803MONCHOCHIb UCNONb308AHUL KOCMHO20 MO32d 0OMAUHE20 KA
6 Kauecmee UCMOYHUKA CMBONLOBbIX KIeMOK Nocie YOos U Ha 0CHO8e UHOeKCd
npoaugepayuu u HCUZHECNOCOOHOCIMU KYIbMUBSUPYEMbIX KIEMOK Onpeoeiums
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NPpUSOOHOCHb NOCMEPIMHO20 OUOTOSULECKO20 MAMEPUAnd Oas NOIYYEHUs. CINEO-
106bIX K1emoK. Mamepuanvl u Memoobvl: KOCMHbIL MO32 OblLl NOIYUEeH U3 be-
OpeHHOU Kocmu 0oMauHe20 aKa 8 nocieyootinsiti nepuod. Qbpasyvl KOCMHO20
MO32a omoOupanu ¢ cobnodeHuem nPauil ACenMuKu 8 CMepuibHyio npooupKy
u Kk buomacce oooasnsnu 0,25% pacmeop mpuncuna (coomHouleHue KOCmHO20
mozea k pacmeopy 10: 1) u nomewanu 6 xonoounvuux (¢ + 40 ° C) na 24 yaca
ona ghepmenmamuenou oezacpecayuu. Kynomusuposanue noayueHHvlx Kiemox
npogoounu ¢ CO2-unxybamope no cmaHOapmuou Memoouke ¢ naccupo8anuem
nocie obpasosanus monocnos na 90—100%. Pezynomamol: npu KyIsmueuposa-
HUU CYyCneH3uu KAemokK, NOAYUEHHBIX U3 NOCAeYOOlUH020 MAMepuana KOCmHo2o
MO32a, OMMEUANOCh nosAsieHue KOIOHUI K1emoK depe3 6 OHell nocie nocesd.
Ilepuoouueckoe naccuposanue Cmeoio8blX KIemoK CnocodCmeosanu yeenuye-
HUI OUOMACCHl AKMUBHO NPOTUDepupyiowux kiemox. bviio ycmanosneno, umo
CMBOI0BbIE KIEMKU, 8bl0ETEeHHbLE U3 NOCIEYDOUHO20 MAMEPUANA KOCTIHO20 MO32d
domawnezo Axa, 061a0arom 3HaAYUMeNbHLIM NPOIUDEPAMUBHLIM NOMEHYUATIOM,
0 uem ceudemenbCmeayom uHOeKcovl npoaugepayuy 6 Ouanasoune om nepeoeo
00 mpemve2o naccaicell u 8blCOKAs ACUZHECNOCOOHOCMb KIeMOK. 3aKniouenue:
NONYYeHHbIll NOCMEPMHUBIL MAMEPUAN 8 U0 KOCHMHO20 M032a4 0OMAULNE20 AKA
MOJICHO UCNONB306ATNL KAK OONOIHUMENbHBIN UCTHOYHUK CBOTI08bIX KAEMOK.
Dmom nocmmopmanvHulil OUOLOSULECKULL MAMEPUAL ROOXOOUM 0I5l 8b10CLEHUS
CMBONI0BbIX KIemOoK uepes 72 yaca nocie y60s JHCUGOMHO20, YO OMKPblEdem
603MOJICHOCTU €20 MPAHCHOPMUPOBKU HA OONbULUE PACCNOAHUA.

Hayunas nosusna nposedennozo ucciedoganus 00yciogiena 8 KoHmexcme
MEHCOYHAPOOHOU KOHBEHYUU O OUONOSUHECKOM PA3HOOODA3UU, KOMOPAs 03HAYaem
6apuaAbenbHOCMb JICUBLIX OP2AHUZIMOG U3 6CEX UCHOUHUKOS, BKIIOUAS IKOCUCTIEMD,
9KONOUYECKUEe KOMNLEKCDI, YACMbIO KOOPYIX OHU AGTAIOMCA. B pamkax cmpame-
2UlL U RAAHA OCUCMBULL N0 COXPAHEHUIO OUOL02UHECKO20 pazHoobpasus Poccutickotl
Dedepayuil FIKOCUCMEMHASL YCLyed NPOU3B0OCEA HCUBOMHOBOOUECKOU NPOOYKYUU
BAIICHA OJISL COXPAHEHUS MPAOUYUOHHOZ0 YKILAOA HCUSHU KOPEHHBIX Hapo0oe Cubupu
u [lanvneeo Bocmowa Poccuu, umeem pecuonanvhoe u 10KkaibHoe 3nadenue. Jannas
2nobanvras npobrema modxicen Obimb peiena npu NOMowU paspadomxu KiemouHblx
TEXHON02ULL BUO08, elye He B0GIEUEHHBIX 8 Hee, U COBEPUEHCMBOBAHUE UMEIOUUXCAL.

Kniouesvie cnosa: domawmuii sk, OUOI02UYECKUT MAMEPUATT; KOCHBIIL MO32;
CmMEoN08bIE KNeMKU, NPOUPDEPaAMUGHbIL NOMEHYUAT, UHOEKC nponugdepayuu

Jna yumuposanusa. [awwxo /].B., Cunxun U.H. Axmyanvnocmo ucnonv3osa-
HUsL ROCMEpmHo20 buomamepuana oomawnezo axa (Bos Grunniens) ons nonyuenus
CMBONI0BbIX KIemoK u3 kocmuoeo mosea // Siberian Journal of Life Sciences and
Agriculture. 2023. T. 15, Ne2. C. 11-23. DOI: 10.12731/2658-6649-2023-15-2-11-23
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Introduction

However, all multicellular organisms contain stem cells. These cells can
interact with the culture medium, actively proliferate and differentiate into spe-
cialized types of mature cells [1; 2; 5; 9; 10; 12; 21; 22]. For clinical and re-
search purposes, stem cells are usually obtained from bone marrow, blood, and
adipose tissue of human [6; 14; 18]. These structures contain a large number
of stem cells, which are easily accessible and cost-effective for isolation [6;
17]. Since the bone marrow is the primary source of stem cells, the choice of
selecting bone marrow cells is the basis of biotechnological methods for their
production [3; 8]. In addition, we obtained information about the production of
male germ cells from the post-mortem material of the testes of male sable [20].

The development of modern technology methods of cryopreservation of an-
imal cells contributed to the introduction of creating stem cell banks for their
further use in order to avoid problems with a shortage of donors. Large-scale cryo-
preservation of stem cells began in the 1990s of the last century to create human
cord blood banks [15]. The functioning of cryobanks gradually expanded with the
advent of technologies for cryopreservation of umbilical cord tissue and, finally,
adipose tissue [19]. One can use cryopreserved allogeneic stem cells for research
and clinical applications, including transplantation and regenerative medicine.

Currently, methods of isolation and cryopreservation of animal stem cells
have been improved [4; 11]. At the same time, we need to obtain cellular ma-
terial, a source suitable for the isolation of stem cells. Thus, it is recommended
to consider the slaughter material of productive animals as a source of some
tissues, particularly muscles and bone marrow. Since stem cells can persist for
quite a long time after death [7; 13; 16].

In veterinary medicine, the issue of material support for separating bone
marrow from animals is no less acute than the long-term storage of stem cells.
In most cases, bone marrow sampling takes place outside of a specialized lab-
oratory, and transportation can be required for the delivery of the biomaterial,
which is not always feasible in the field. In this regard, it is relevant to study
the prospects of using bone marrow stem cells as a biomaterial obtained after
the slaughter of animals, as well as determine the time during which the cells
retain their viability and are suitable for cultivation.

The scientific novelty of the research is in the context of the international
Convention on Biological Diversity, which means the variability of living organ-
isms from all sources, including ecosystems and ecological complexes they are
a part of. This concept includes diversity within a species, between species, and
diversity of systems. A variety of life forms and ecological processes ensure the
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continuation of biological evolution, which is a necessary condition for human
well-being. Within the strategy and action plan for the conservation of biodiver-
sity of the Russian Federation, the ecosystem service of livestock production has,
first, regional and local significance; the recreational component of this service is
also great. In addition, it is important for the preservation of the traditional way
of life of the indigenous peoples of Siberia and the Russian Far East.

Currently, the development of a bioresource management strategy that could
ensure (1) a high yield of useful products, (2) the preservation of natural diversi-
ty, and (3) a balanced abundance of zoo components of natural ecosystems is be-
coming increasingly important for biotechnology of animal reproduction. This
global problem can be solved by developing cell technologies (obtaining and
incubating stem cells) of species not yet involved in it and improving existing
ones. The stem cell technology should be studied for all living animal species.

Thus, the studies conducted in this direction (obtaining biomaterial from
bone marrow) would represent a great scientific and practical potential for prac-
tical veterinary medicine and medicine.

The research aims to establish the possibility of using the bone marrow of
domesticated yak as a producer of stem cells in the post-slaughter period.

Materials and Methods

We obtained Bone marrow from the femur of a domesticated yak at the age
of two years in the post-slaughter period. Before bone marrow sampling, we
treated the bone surface in the proximal epiphysis area with 70% ethyl alcohol
solution. After gaining access to the bone marrow canal, we collected the bone
marrow with sterile tweezers into a sterile tube with 0.25% trypsin solution (the
ratio of bone marrow to trypsin solution is 10: 1) and placed it in the refrigera-
tor for 24 hours at a temperature of + 4 ° C for enzymatic disaggregation. The
resulting suspension of cells was mechanically disaggregated for 5 minutes on
a magnetic stirrer, filtered through 4 layers of gauze tissue into sterile centrifuge
tubes with a volume of 15 ml and centrifuged at an acceleration of 300 g for 10
minutes. Under standard conditions, we placed the cell sediment for cultivation
in a CO, incubator. No more than three days have passed since the slaughter of
the animal and before the sowing of bone marrow cells.

We cultured the cells in a CO, incubator in Petri dishes according to the
standard procedure.

Furthermore, we counted the number of cells in all squares of the Goryaev
counting chamber under 200x magnification and calculated by the formula:

X=Ax1000/0,9, (1)
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Where:

X — the number of cells in 1 cm?;

A - the number of cells in all squares;

1000 - the number in mm? and cm?;

0.9 - the volume of the Goryaev chamber in mm?.

We carried out studies of the proliferative activity of stem cells in three pas-
sages, seeding them into Petri dishes at the rate of 250 thousand cells. There-
fore, we determined the stem cell proliferation index 24 hours after sowing
according to the formula:

DI=AP/SN, 2)
Where:

DI - distribution index;

AP - number of cells after passage;

SN - the seating number of cells.

We determined cell viability using a 0.4% trypan blue dye solution followed
by microscopy.

Consequently, we used the software package “Statistica” for the mathemat-
ical analysis of the data obtained.

Results

When cultivating a suspension of bone marrow stem cells obtained from
post-slaughter material of domesticated yak, we found out that cell colonies be-
gan to appear on the seventh day after sowing. At first, the colonies were isolat-
ed, represented by cells in the amount of 30-50 pieces, which subsequently grew
and merged with other colonies, forming a continuous monolayer. At the same
time, the cells, which had a characteristic fibroblast-like morphology and actively
multiplied on the first day after sowing, were uniformly attached to the bottom
of Petri dishes (cell confluence is, on average, 85%). Subsequent replanting of
the obtained stem cells helped to increase the mass of actively proliferating cells.

Moreover, we identified that bone marrow stem cells isolated from
post-slaughter biomaterial of domesticated yak have high viability and signif-
icant proliferative potential, as evidenced by the proliferation index from the
first to the third passages (see Table 1).

At the same time, the indicators of the biomaterial proliferation index did
not change significantly depending on the passage and were approximately at
the same level. The viability of cultured cells increased from 83% to 92% in
the first and third passages, respectively, resulting from a decrease in the het-
erogeneity of the bioculture.
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Table 1.
Proliferative activity and viability of bone marrow cells of domesticated
yak depending on the passage

Number of passages | Number of cells, thousand | Proliferation index | Viability, %
1 325.18 £2.16 1.27 83
2 327.67 £2.92 1.28 89
3 328.43 +2.44 1.28 92
Discussion

The results on the production of stem cells from bone marrow are one of the
main production sources for clinical and research applications, consistent with
several researchers [5; 6; 9; 12; 18].

At the same time, one can use the post-mortem bone marrow material of a
domesticated yak as a source of stem cells. This aspect coincides with a number
of research regarding the use of slaughter material for the production of stem cells
[1;4; 10; 14]. Moreover, there is no need to carry out a lifetime bone marrow sam-
pling from an animal, avoiding the potential risks of postoperative complications.

In addition, the isolation of stem cells from post-slaughter material is cheaper
than the need to perform this procedure on live animals, since funds are not spent
on expensive medical devices (e.g., for the anesthesia of animals and instruments).

Thus, the post-mortem bone marrow material of a domesticated yak can be
used as an additional source of stem cells. This biological material is suitable
for isolating stem cells three days after the slaughter of the animal, which opens
up prospects for the future.

Conclusion

The bone marrow of a domesticated yak can be used as an alternative pro-
ducer of stem cells three days after the slaughter of the animal. The prolifera-
tion and viability indices of bone marrow stem cells obtained from post-mortem
biomaterial of domesticated yak were in the range of 1.27-1.28 and 83%—92%,
respectively. The results obtained may be of scientific and practical interest for
practical veterinary and human medicine.
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