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Integrity of Canine Bone Marow Cells after Cryoprotectant Exposure

and Freezing in Liquid Nitrogen

HccnenoBany COXpaHHOCTh KJIETOK KOCTHOTO MO3ra COOaK MOCIe SKCIO3UIMU C KPUONPOTEKTOPaMH (IUMETHICYIb(MOKCH]I,
MOJMATUIICHOKCH T C MOJIEKYJISIpHOM Maccoit 400, MUIEepHH) U KPHOKOHCEPBUPOBAHUS B KHIKOM a30T€. BBISIBIIIH, YTO COXPAHHOCTH KJIETOK
KOCTHOTO MoO3ra cobax mocje 3aMOpakMBaHHUS B XKHJAKOM a3ore 0e3 kpuomnporekropa 6%. Haunbonee sdpdexTuBHBIM HpH
KPUOKOHCEPBHPOBaHHUH ObLT 7%-if pacTBOp TMMETHICYIb(GOKCH A, CoXxpaHstoiuii 6osee 80% KieTok.

Kniouesvie cnosa: koCTHBIN MO3T, KPHOKOHCEPBUPOBAHKE, TUMETHIICYIbMOKCH]I, ONTUITUICHOKCHU]T, TIIMLEPHH.

JocnimkyBanu 30epexeHICTh KIITHH KICTKOBOIO MO3Ky co0aK Iiciisi eKCIO3HUIIT 3 KpionpoTekTopaMu (IUMETHICYIb(GOKCH]I,
HOJIIETUIICHOKCHUT 3 MOJICKYJIIpHOIO Macoro 400, mileprH) Ta KpiOKOHCEPBYBAaHHS Y PiZIKOMY a30Ti. BUsiBIIIH, 110 30epeKeHICTh KIITHH
KICTKOBOT'O MO3KY CO0aK ITiCJIsl KPIOKOHCEPBYBaHHsI y PiikoMy a30Ti 0e3 kpiorpotektopa 6 %. HallOinbi eeKTHBHIM Py KPiOKOHCEPBYBaHHI
BusiBuBCs 7%-ii posunn JIMCO, sikuit 30epirae Oubin Hix 80 % KITITHH.

Kniouosi cnosa: KicTKOBHI MO30K, KPIOKOHCEPBYBaHHS, AUMETHICYIIb()OKCH T, O eTUIICHOKCHT, TTILIEPHH.

Canine bone marrow integrity was studied after exposure with cryoprotectants (dimethylsulfoxide, polyethylene oxide with molecular
mass of 400, glycerol) and cryopreservation in liquid nitrogen. The integrity of canine bone marrow cells after freezing in liquid
nitrogen with no cryoprotectant has been revealed as 6%. During cryopreservation the most effective was found 7% dimethylsulfoxide,

preserving more than 80% of cells.

Key-words: bone marrow, cryopreservation, dimethylsulfoxide, polyethylene oxide, glycerol.

OpHHUM U3 CrIOCOOOB BOCCTAHOBJICHHS KPOBETBO-
PEHHUSA [IPH €70 HAPYIICHUH SIBISETCS TPAHCIUIAHTAINS
KpOBETBOPHOW TKaHH, B YACTHOCTH KOCTHOTO MO3ra
[17]. Ha cerogHsmHuil [eHb €MUHCTBEHHBIM CIIOCO-
0oM XpaHeHUs KIeTOK KocTHOTo Mo3ra (KKM)
SIBJISIETCSI HU3KOTEMIIEpaTypHOE KOHCEPBUPOBAHME,
MO3BOJISIIOLIEE XPAHUTh MAaTepHaNl A0 TPaHCIJIaH-
tauuu [14, 15, 17].

MeToasl Tepanuu ¢ TpaHCIUIAHTAllMEW, XOTA U
ABIISIIOTCS HOBBIMH B BETEPHHAPHH, HO YKe TIOKa3aJn
cBOI0 3(h(eKTUBHOCTH B DKCTIeprMeHTax [8, 13, 16],
YTO CTUMYJIHAPYET MPOBEACHHUE NATbHEUITNX HCCIe-
JIOBaHMM B JaHHOW oOnactu M TpeOyeT co3maHus
3aacoB FreMOIIO3TUYECKON TKAaHH.

Hens pabotsl — nzyueHue coxpanHoctu KKM
co0aKk Ha pa3HBIX J3Talax KPUOKOHCEPBUPOBAHUS C
KpUONIPOTEKTOPAMHU.

Marepuanbl u meroabl

KrneTtkn kocTHOTrO MO3ra nomy4aiu ot 6-TH HOJ0-
BO3PETBIX CaMIlOB co0ak 3-4 jeT MEeTOIO0M KOCTHO-
mo3roBoil mynknuu [10, 11], mpoBeneHHON B COOT-
BeTcTBUU ¢ “O0MUMHU TPUHIUTIAMH SKCTIEPUMEHTOB
Ha XUBOTHBIX’, ogoOpeHHbiMu | HarnnoHampHBIM
koHrpeccom mo Omoatuke (Kues, 2001). Kon-
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One of the ways to restore haemopoiesis during its
disorder is transplantation of haemopoietic tissue, in
particular, bone marrow. Nowadays the only method
for bone marrow (BM) cell preservation is low
temperature preservation, allowing the storage of the
material before transplantation [14, 15, 17].

Therapeutic methods with transplantation, though
being new ones in veterinary, but have already
demonstrated their efficiency in experiments [8, 13,
16], that stimulates the further studies in this field and
requires the creation of stocks of haemopoietic tissue.

Research aim is to investigate the integrity of
canine bone marrow cells at different cryopreservation
stages with cryoprotectants.

Materials and methods

Bone marrow cells were harvested from 6 mature
dog males of 3-4 years by bone marrow puncture [11]
performed according to the “General principles of
experiments in animals”, approved by the 1% National
Congress in Bioethics (Kiev, 2001). Cell concentration
in suspension was normalized to common value (107/ml)
by dilution with handling medium, comprising
medium 199 (“PanEco”, Russia), sodium citrate
solution, fetal calf blood serum (“PanEco”, Russia).
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LEHTPAHUI0 KJIETOK B CYCHEH3WH MPUBOAUIH K
equHomy 3HaueHnuto (107/mi) myTeMm pasBemeHUs
paboueii cpenoit, cocrosmeit u3 cpeast 199 (“Ilan-
Oko”, Poccust), pacTBopa uuTpara HaTpus, aMOpHo-
HaJbHOW Tensubeil chiBOpoTkH KpoBu (“Ilandxo0”,
Poccus).

KneTkn xocTtHOro mMo3ra cobak KpHOKOHCED-
BHPOBAJIH C paCTBOPaMH KPHOIPOTEKTOPOB B CIEAYIO-
IMX KOHEYHBIX KOHIEHTPAIUIX: JUMETHIICYIb-
dhoxcun (AMCO) — 5; 7; 10%, mMOIUAITUICHOKCH C
moekysipaHoi Maccoit 400 (IT90-400) — 10; 15; 20%,
omutiepud — 10; 20; 30%. Bpems nuakyOaruu cycreH-
3un KKM ¢ IMCO cocrasmsuio 10 MuH, ¢ Timmnepu-
HOM U [1230-400 — 30 mun mipu Temmieparype 4°C [3].

3amopaxuBanu KKM B miacTUKOBBIX KOHTEH-
Hepax oobemoM 1,5 M (“EPPENDORF”, SPEKTAR)
[0 JBYXCTyIlleH4YaTod mporpamme [5, 7, 9, 15, 17].
PasmopaxxuBanu mpoOsl Ha BoasHoM OaHe 41°C mpu
[TOCTOSSHHOM IOKaYMBAHWHU B T€UEHUE 1-3 MUHYT.

Kpuonpotekropst u3 cycnenzuun KKM ynansiiu
myTeMm jJo0aBieHus: paboueil cpenbl ¢ AambHEHIINM
neaTpudyruposanuem npu 4°C, 90g. Ocangox
pecycueHaAnpoBaIn B 1 M1 SMOPHOHATEHOM TENISTIbEH
CBIBOPOTKH KpoBH [4, 6].

Hins onenku coxpanHoctu KKM npumensnu
MIPIKU3HEHHYIO OKPACKY TPUIIAHOBBIM CHHUM [5, 15].
[IpoObI n3yyanncey B CBETOBOM MUKPOCKOIIE ITPH YBe-
muaenuu 400 (Biolux, 'epmanus). KonmmuectBo kie-
TOK B CyCIICH3UH ITOJICUUTHIBAIH B Kamepe [opsiea [1].

ITo »Toit cxeme ompeaensnu coxpaHHocts KKM
KaK T0cje ACHCTBHS KPHOIPOTEKTOPOB 0e3 3aMopa-
KUBaHUS, TaK U TIOCJIE 3aMOPa’KUBAHHUS.

Craructuueckyo o0padOoTKy JaHHBIX TPOBOANIH
o merony CrproneHTa-duiepa ¢ UCIOIH30BAHUEM
nporpamMmel “Stat Graphics plus”.

Pe3yAbTatbhl M 00Cy)XAeHHe

OKCNepuMEHTAJIbHO YCTAHOBJIEHO, YTO BCE
WCCIIeIOBAHHbBIE KPUOIIPOTEKTOPHI HA CTAUN WHKY-
Oaluy BBI3BIBAIOT CHUXEeHHE coxpaHHocTn KKM
co0ak, Ha 3TOM JTalle OHa cocTaBuiia oT 87,6+1,23%
10 92,66+0,51% nns pa3nuyHbIX KPHOIPOTEKTOPOB
(puc. 1).

Haumenbmiee Bo3geiicTBHE NpH MHKYOAan UM
okazanu 10%-e pactBopsl munepuna u [130-400 (no
92% coxpanubsix KKM cobak), a Takke 5%-it pacTBop
JAMCO (90%).

3amopaxuBanue cycnensun KKM cobak 6e3
KpHOTIPOTEKTOPOB HETATUBHO OTPAKaeTCs Ha )KU3HE-
CIOCOOHOCTH KJIETOK (COXPAaHHOCTh COCTaBIsIET 6%),
YTO JIeNaeT CYCIIEH3WI0 HEMPHUTOMHOW ISl TpaHC-
IUIAHTaUMU U 00YyCJIOBIMBAET MPUMEHEHHE KPHO-
3amuThI (puc. 2).

Hau6onee 3ppexkTHBHBIM KPUOTIPOTEKTOPOM TIPU
3aMopaxkuBanuu okazaincs JIMCO. B yactHocTH,
nocie 3amopaxuBanus ¢ JIMCO B 7%-i1 kOHLIEHTpa-
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Canine bone marrow cells were cryopreserved with
cryoprotectant solutions with following final
concentrations: dimethylsulfoxide (DMSO) — 5, 7,
10%; polyethylene oxide with molecular mass of 400
(PEO-400) — 10, 15, 20%; glycerol — 10, 20, 30%.
Time of incubation of CBM suspension with DMSO
made 10 min, the one with glycerol and PEO-400 was
30 min at 4°C [3].

BM cells were frozen in 1.5 ml plastic containers
(“Eppendorf”, SPEKTAR) according to two-step
program [5, 7, 9, 15, 17]. Samples were thawed on
water bath at 41°C with constant shaking for 1-3 min.

Cryoprotectants were removed out of BMC
suspension by adding handling medium with further
centrifugation at 4°C, 90g. Sediment was re-suspended
in 1ml fetal calf blood serum [4, 6].

To assess the BM cell integrity vital staining with
trypan blue [5, 15] was used. Samples were investi-
gated with light microscope at 400 magnification
(Biolux, Germany). Number of cells in suspension was
counted in Goryaev’s chamber [1].

According to this protocol there was found the BM
cell integrity after the effect of cryoprotectants with
or without freezing.

The data were statistically processed with the
method of Student-Fisher using “Stat Graphics
plus”’software.

Results and discussion

The experiments have shown that all studied
cryoprotectants at incubation stage cause the reduction
of canine BM cell integrity, at this stage it made from
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Puc. 1. ITokazarenu coxpannoctu KKM cobak mocie
MHKYOAINH C KPHOTIPOTEKTOpaMu (KOHIICHTpaIws B % yKa3zaHa
Ha CcTONIONax): * — MOCTOBEPHBIC pa3IHUUs B CPABHCHHH C
HaTUBHBIMH KiieTkamu, p<0,001.

Fig. 1. Integrity indices of canine bone marrow cells after
incubation with cryoprotectants (concentrations are shown
inside the columns): * — statistical and significant diffe-
rences if compared with native cells, p<0.001.
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AU COXPAaHHOCTH KIIETOK cocTanisuia 83,51+1,9% mo
OTHOMIEHHUIO K KOHTpOoIi0. [120-400 n mmtiepuH ObuTH
MeHee 3((heKTHBHBIMI: paCTBOPHI NTUIIEPHHA 00ecTe-
YUBAIOT COXPAHHOCTH /10 59%, a [190-400 — no 74%
KKM cob6ak. HanMmenpmmii mokazareib COXpaHHOCTH
kieTok (45,85+1,3%) cpenn n3yueHHBIX BAPHAHTOB
HaOJFOJIAJICS TTOCIe 3aMOPaKUBAHMS MO 3aLTUTON
30%-ro mmuepuHa (puc.2).

U3BectHO, uTO BhIcOKME KOHUEeHTpauuu JIMCO
0051a1a10T HEKOTOPBIMU TOKCHYECKHUMH CBOWCTBAMH
no otHoueHuio k KKM [12]. Ho koHueHTpauuto
5-7%-ro AMCO npu KpaTKOBPEeMEHHOU 3KCIIO3ULINHI
MOXHO CYUTATh MPAKTUYECKH HETOKCUYHOU s
TEMOTIOTUYECKIX KJIETOK [7].

I'muniepun okazanca meHee d3GEKTUBHBIM KPHO-
nporexkropoM dem JIMCO. BeposarHo, 3To cBsi3aHO ¢
TEM, YTO IIPOHUIIAEMOCTb TIa3MaTHYECKIX MEMOpaH
JUTS TIUIIEpUHA TIpH TeMIeparype, onmmskoit k 0°C, y
OOJBIIMHCTBA THIIOB KJIETOK CyIIECTBEHHO CHIDKEHA,
U B 3TOM cllydae NIMLEPUH JEHCTBYET TOJIBKO Kak
9K30LENIIONAPHBIN KpuonpoTekrop [2]. Buaumo,
3THUM MOXXHO OOBSICHUTH HEBBICOKYIO COXPAaHHOCTb
KKM cobak nocine KpHoKOHCEPBUPOBAHHS B IPUCY T-
CTBUU TiALepuHa (puc. 2).

BbiBOADI

YCTaHOBJIEHO, YTO COXPAHHOCTH KJIETOK KOCTHOTO
Mo3ra co0aK, 3aMOpPOKEHHBIX B XKHJKOM a30Te 0e3
MPUMEHEHHUSI KPUOTIPOTEKTOPOB, YPE3BBIYANHO MaJla,
4TO OOYCIOBIMBAET HEOOXOMAUMOCTh NPUMEHCHHSI
KPHO3AIIHTEHI.

Bce uccienoBaHHbIE KPHONIPOTEKTOPHI YXKE Ha
CTaluu HWHKYOallMM OKa3blBAIOT BIMSHUE Ha
coxpanHoctb KKM cobak. bonee a¢pdexTuBHBIM
KpHompoTekropoM okazaiucs 7%-i IMCO, obecrie-
YMBAIOLINK HAMOOJIBIIYIO COXPAaHHOCTh KJIETOK ITOCTIe
3aMOpaKUBaHHUS.
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Puc. 2. Ilokazarenu coxpannoctu KKM cobak, mocine
3aMOPaXMBAHUS B )KUIAKOM a30Te O] 3aIIUTOW KPHUOTIPO-
TEKTOPOB (KOHIEHTpauus B % yka3aHa Ha CTOJIONAx) u 0e3
kpuonporekropa: KI1— kpuornporekrop; * — nocroBepHbie
pa3nuyus B CPaBHEHHWHM C JIAHHBIMH IOCIIE WHKyOarum,
p<0,001.

Fig. 2. Integrity indices of canine bone marrow cells after
freezing in liquid nitrogen with cryoprotectants (concen-
trations are shown inside the columns) and with no
cryoprotectant: CP — cryoprotectant, * — statistical and
significant differences if compared with the post-incubation
data, p<0.001.

87.6+1.23% to 92.66+0.51% for different cryopro-
tectants (Fig. 1).

The least effect during incubation has been shown
by 10% glycerol and PEO-400 (up to 92% survived
canine BMCs) as well as 5% DMSO (90%).

Canine BMC suspension freezing with no cryo-
protectants negatively affects cell viability (integrity
is 6%), that makes the suspension inapt for transplan-
tation and stipulates application of cryoprotection
(Fig. 2).

DMSO occurred to be the most effective cryo-
protectant during freezing. In particular, after freezing
with DMSO under 7% concentration the cell integrity
made 83.51+1.9% regarding the control. PEO-400 and
glycerol were less effective: glycerol solutions provide
the integrity of canine BMCs up to 59% and up to
74% for PEO-400. Less index of cell integrity
(45.85+1.3%) among studied variants was observed
after freezing under 30% glycerol protection (Fig. 2).

It is known high DMSO concentrations possess
some toxic properties in respect of BMCs [12].
However concentration of 5-7% DMSO at short-term
exposure may be considered as practically non-toxic
for hemopoietic cells [7].

Glycerol occurred to be less effective if compared
with DMSO. This is likely related to the fact that
permeability of plasma membranes for glycerol at the
temperatures close to zero for the majority of cells is
significantly reduced and in this case glycerol acts only
as exocellular cryoprotectant [2]. Maybe this explains
low integrity of canine BMCs after cryopreservation
in glycerol presence (Fig. 2).

Conclusions

It is established that the integrity of canine bone
marrow cells frozen in liquid nitrogen without
cryoprotectants is extremely low, i.e. the presence of
cryoprotectants is required.

All studied cryoprotectants even at incubation stage
affect canine BM cell integrity. The most effective
cryoprotectant occurred to be 7% DMSO, providing
the highest cell integrity after freezing.
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