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Post-Thaw Morphological Changes in Animal Erythrocytes

B paboTe MeTo0M CBETOBOI MUKPOCKOIIMU HCCIEAOBAHBI MOP(OIOTHIECKIE N3MEHEHHS SPUTPOIIUTOB JIONIAH, ObIKa M COOAKH
nipu B3anmMozeicTeun ¢ 20%-m pactBopoM gumetnincynbpokcuaa (IMCO) u 30%-M pacTBOPOM MOTHITUICHOKCHIA C MOJIEKYIISIPHOM
maccoii 1500 (IT30-1500), a Taxke mocie KpHOKOHCEPBUPOBAHHUS KJIETOK B IPUCYTCTBHU YKa3aHHBIX KPHOTIPOTEKTOPOB. YCTaHOBIICHO,
YTO AEKOHCEPBHPOBAHHBIC SPUTPOLUTEI BCEX BUIOB )KUBOTHBIX MO BIUSHAEM IpOHHKatomero kpuonporekropa AMCO tpancdop-
MHPYIOTCS B 9XMHOIHTEI, a HenpoHukaroero [190-1500 — B cromarorutsl. [Ipoanann3npoBaHO COCTOSIHUE JEKOHCEPBUPOBAHHBIX
SPUTPOIUTOB )KUBOTHBIX IIPH IIEPEHOCE MX B (PU3UOIOTHUCCKHE YCIOBHSL.

Kniouegvie cnoea: >puTpOUUTHI JKHBOTHBIX, KPHOIIPOTEKTOP, CTOMaTOLUTEI, SXHHOLUTEL.

Y po6oTi METOOM CBITIIOBOT MIKPOCKOIIIT TOCITIPKEHO MOP(OJIOTiUHI 3MiHU SPUTPOIIMTIB KOHA, O¥Ka, cOOaKU MpH B3aEMOIT 3
20%-m pozunnoM ruMetmicynbhokcuny (AMCO) ta 30%-M po34nHOM MOTiETHIIEHOKCH LY 3 MOJIEKy IsipHOIo Macoto 1500 (ITEO-1500),
a TaKOX MiCJIst KpIOKOHCEPBYBaHHS KIIITHH Y IPUCYTHOCTI 3a3HAYCHUX KPiOMPOTEKTOPiB. JIoBEIEHO, 1110 IEKOHCEPBOBAHI PUTPOLIUTH
yCiX BUAIB TBAPHH I1i]] BILIMBOM IIPOHKMKar04oro kpionporekTopa JMCO tpaHchopMyOTECS Y €XIHOIUTH, a HenpoHukarodoro [TEO-
1500 —y cromarorutu. [IpoananizoBaHo cTaH IEKOHCEPBOBAHUX CPUTPOIIUTIB TBAPUH IPH MEPEHOCI X ¥ (Pi3ionoriuHi yMOBH.

Knrouoei cnosa: eputpoLMTH TBAPUH, KPIOIPOTEKTOP, CTOMATOLUTH, EXIHOLUTH.

Morphological changes in equine, bovine, and canine erythrocytes, when interacting with 20% dimethylsulfoxide (DMSO) and
30% polyethylene oxide with molecular mass of 1500 (PEO-1500) solutions, as well as after cell cryopreservation at the presence of
the mentioned cryoprotectants have been studied in this research using light microscopy. Frozen-thawed erythrocytes of all animal
species were established to be transformed into echinocytes under DMSO penetrative cryoprotectant effect and into stomatocytes
under a non-penetrative one. The state of animal frozen-thawed erythrocytes when transferring them into physiological conditions

was analysed.

Key-words: animal erythrocytes, cryoprotectant, stomatocytes, echinocytes.

QOYHKIMOHAIBHYIO ITOJIHOIIEHHOCTH DPUTPOLIUTOB
ompenessaioT MopdoIorudeckre, OHOXUMHUUECKUE U
(usnonorunueckue nmokaszarenu. [lon BiusHUEM pas-
JINYHBIX (aKTOPOB (COCTaB M TOHUYHOCTH CPE[IbI,
MEXaHWYECKHE BO3JIEHCTBUS, MATOJOTHYECKHE TPO-
LIECCHI B OPTaHU3ME U T. JI.) SPUTPOIHUTHI yTPAYUBAIOT
CBOIO HaTUBHYIO hopmy [3]. MemOpaHna sputpouuTa —
3BEHO, KOTOpPOE€ BOCTIPHHIUMAET U pearupyeT Ha BHEIII-
HUE BO3JEHCTBUS, a hopMa SPUTPOLIUTA — HHIUKATOP
n3MeHeHndd B MmemOpane. Coxpanenne Mopdonoru-
YeCKOM IIETIOCTHOCTH 3PUTPOLIUTOB IOCIIE KPUOKOHCEP-
BHPOBAHMS MOXET CBHIETEIHCTBOBATH O JOCTATOY-
HOM ypOBHE OOMEHHBIX MPOILIECCOB, COXPAHHOCTH,
HOPMaJbHOM ()YHKIITHOHUPOBAHHUU KIETOK. DPUTPO-
LUTHI MIIEKOMUTAIOIINUX UMEIOT CTPYKTYPHBIE U MOP-
¢donorndeckue ocobeHHocTu. [loaToMy m3ydeHHe
crier(UKU peaKiii 3PUTPOLIMTOB Ha ICHCTBUE HU3KUX
TeMIepaTyp ABIsSETCS aKTyaJbHOM 3amadeil Kpuo-
Ouonorum.

Lenb paboThl — McceI0BaTH 0COOEHHOCTH TPaHC-
dhopManmy SPUTPOIUTOB JIOMAIN, OBIKA B COOAKH
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Functional integrity of erythrocytes is determined
by morphological, biochemical and physiological
indices. Under the effect of various factors (medium
composition and tonicity, mechanical effects, pa-
thological processes in organism efc.) erythrocytes lose
their native shape [3]. Erythrocyte membrane is a link,
perceiving and responding to an external factors and
erythrocyte shape is the indicator of membrane chan-
ges. Preservation of erythrocyte morphological integ-
rity after cryopreservation can testify to a sufficient
level of metabolic processes, integrity, normal cell func-
tioning. Mammalian erythrocytes have structural and
morphological peculiarities. Therefore studying a speci-
fic character of erythrocyte responses to low tempera-
ture effect is an actual cryobiological task.

The research was aimed to investigate the pecu-
liarities of transformation of equine, bovine and canine
erythrocytes after freeze-thawing under non pene-
trative (polyethylene oxide with molecular mass of
1500 — PEO-1500) and penetrative (dimethyl sulfoxi-
de — DMSO) cryoprotectants.
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mocjie 3aMOPaKUBaHHUI-OTOTpeBa MO 3aIIUTON He-
MPOHHUKAIOLIETO (MONMUATHIICHOKCH C MOJIEKYJISIPHOM
maccoir 1500 — I[1D30-1500) nu nmpoHuKaromero
(mametuncynshoxcun — JIMCO) KpHONIPOTEKTOPOB.

Matepnanbl 1 meToAbI

Marepuanom HCCleTOBaHMUS CITYKHITH SPUTPOLIUTHI
Jomaan, OpIKa U co0aKu. DPUTPOLUUTHI TPOESKPATHO
OTMBIBAJIM M30TOHWYEeCKHM pacTtBopom NaCl, co-
nepkammM 10 MM docdarroro Oydepa (nentpudyru-
posanue npu 1200 g B TeueHue 5 MuH).

Jnst HU3KOTEeMIEpaTypHOro KOHCEPBHPOBAaHMUS
SPUTPOLIUTOB HCIONB30BATIN KpHONPOTEKTOPHL: 30 Yo-it
[I20-1500 [1] u 20%-it AMCO [2], koTopble
N00aBIISIIM K OTMBITOM CyCIIEH3UH KJIETOK B COOTHO-
mennu 1:1 (1o 00beMy) Ipu KOMHATHOW TeMIeparype
(xpuokoncepBaHT Ha ocHOBe JIMCO) nm mpu 0°C Ha
nengaoit 6ane (I1130-1500). DpUTPOIUTHI OXJIAXKIATH
10 —196°C myTem ObICTPOro NOTpy>KeHH KOHTEHHepa
06BvemMoM 10 MIT B JKUIKAN a30T, OTTAUBAHUE TTPOBOJTH-
nu Ha BoAsHON Oane (42-44°C) mpu MOCTOSHHOM
[IOKaYWBAHUM KOHTelHepa. [Iponukaromuii kpponpo-
TEKTOP YIAJISJIH B TPH 3Tana [9]: K B3BECH OTTastHHBIX
SPUTPOLMTOB A00ABISITN PABHBIH 00BEM TUIIEPTOHU-
YECKOTO COJIEBOTO pacTBopa, coiepxkamero 0,6 M
NaCl u 10 MM ¢ocdarnoro Oydepa, pH 7,4, 3arem
SPUTPOLUTHI IBAXKABI TPOMBIBAIH M30TOHUYECKUM
pactBopom NaCl, pH 7.,4.

Mopdomnoruueckie Hcciea0BaHus TPOBOAMIIH Me-
TOJOM CBETOBOW MHKPOCKONHH Ha MHUKPOCKOIAax
MBHU-15Y (JIOMO, Poccus) u Jena (I'epmanus) c
dhotorpaduaeckoii peructparueit MOpQOIOTHIECKOMI
KapTUHBI KpoBHU. O0IIIee COCTOSTHIE KIETOK OIICHUBA-
Y B PaBHOMEPHO pacHpeAesIeHHON TOHKUM CIIOeM
Karuie M1y IPEeAMETHBIM U TOKPOBHBIM CTEKIIAMH.
Hist Mopdonornieckoii oieHKH 0co0eHHOCTel popMBI
U TIOBEPXHOCTHOM CTPYKTYPBHI 3PUTPOLIUTOB HCIIOJb-
30BaJIN OOIIECPUHATYIO KiIaccupukanuio [7].

Pe3yAbTatbl M 00CYy)xaeHue

Ananns OKCIICPUMECHTAJIBHBIX JAaHHBIX ITOKa3all,
YTO SPUTPOIMTHI KUBOTHBIX Cpa3y *e IMocie 3adopa
KpPOBH UMeIH BUJ AUcKoUTOB. CojiepikaHue SXUHO-
[IUTOB He3HAYUTEIHHO (prc. 1). OgHaKO MOTydeHHEBIE
SPUTPOILUTHI B TEUCHUE HECKOIBKHUX YacOB MOCTE-
MEHHO TEPSIM TPAJULNHOHHYIO JIBOSKOBOTHYTYIO
dhopmy, TpaHCPOPMHUPYSACH B IXUHOIUTHL. YMEHB-
IICHUE KOJIMYECTBA IUCKOIIMTOB U YBEITMUCHHE SXHHO-
LIUTOB B 3PUTPOLUTAPHOM CYCIIEH3UN KUBOTHBIX, T10-
BHIUMOMY, MOXHO OOBSCHUTH TPAHCPOPMHUPYFOIIAM
BIIUSTHUEM HA CTPYKTYPY SPUTPOIIMTOB KOMIIOHEHTOB
KOHCEpBUPYIOIIEro pacteopa “Imroruiup” (B 9acTHOC-
TH ITUTpaTa), a TakKKe OCOOCHHOCTSIMU CTPYKTYPHI
MeMOpaH dpUTPOIUTOB KUBOTHEIX. [1ocie Tpoekpar-
HOT'O OTMBIBAHUS ¥ IEHTPH(YTHPOBAHHS SPUTPOIUTHI
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Materials and methods

Equine, bovine and canine erythrocytes served as
the research material. Erythrocytes were thrice wa-
shed with isotonic NaCl solution, containing 10 mM
phosphate buffer (centrifugation at 1200 g for 5 min).

The following cryoprotectants were used for
erythrocyte low temperature preservation: 30% PEO-
1500 [1] and 20% DMSO [2], added to a washed cell
suspension in 1:1 ratio (v/v) at room temperature
(DMSO-based cryopreservative) or at 0°C on ice bath
(PEO-1500). Erythrocytes were cooled down to
—196°C by rapid immersion of 10 ml container into
liquid nitrogen, thawing was done at 42-44°C water
bath at a constant container shaking. Penetrative
cryoprotectant was removed in three steps [9]: an equal
volume of hypertonic salt solution, containing 0.6 M
NaCl and 10 mM phosphate buffer, pH 7.4 was added
into the thawed erythrocyte suspension, then erythro-
cytes were twice washed with NaCl isotonic solution,
pH 7.4.

Morphological study was performed using light
microscopy method with MBI-15U (LOMO, Russia)
and Jena Company (Germany) microscopes with
photographic recording of morphological blood picture.
General cell state was estimated in a drop, uniformly
distributed by thin layer between a slide and cover glass.
The standard classification was used for morphological
estimation of erythrocyte shape peculiarities and sur-
face structure [7].

Results and discussion

Analysis of experimental data demonstrated that
animal erythrocytes were of discocyte shape just after
blood sampling. Echinocyte content was insignificant
(Fig. 1). However the procured erythrocytes lost gradu-
ally a traditional biconcave shape within several hours,
by transforming into echinocytes. A decrease in disco-
cyte amount and augmentation of echinocyte one in
animal erythrocyte suspension could be apparently ex-
plained by a transforming influence of the components
of “Glygicir” preservative solution (citrate, in particular)
on erythrocyte structure, as well as by the peculiarities
of membrane structure of animal erythrocytes. After
a three-fold washing-out and centrifugation both eryth-
rocytes of all animal species and human ones [6] gai-
ned a slightly manifested echinocyte shape. The remo-
val of plasm proteins, in particular, albumin is known
to be one of the causes of cell crenating.

During cell interaction with 20% DMSO solution
the erythrocytes of all animal species gained the shape
of an incomplete sphere with different depths of central
well (Fig. 2). Suspending of erythrocytes in 30%
PEO-1500 solution (Fig. 3) results in their flattening,
that is associated with dehydration and aggregation of
cells. At the same time a membrane flattening is noted.
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Puc. 1. MophospuTporpaMmbl HHTAKTHBIX SPUTPOLIMTOR: JIOIaH (a), Obika (0), codaku (B). YBeaudeHue mpu cbemke 250.
Fig 1. Morphoerythrograms of equine (a), bovine (b), canine (c) intact erythrocytes. Magnification 250.
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Puc. 2. MopdospurporpaMMsl 3pUTPOLUTOB JIomaau (a), Osika (6), codaku (B) mocne nodasienus 20%-ro pacTsopa

JAMCO. YBenuuenue npu cbemke 250.

Fig 2. Morphoerythrograms of equine (a), bovine (b), canine (c) erythrocytes after adding 20% DMSO solution. Magnifi-

cation 250.

Puc. 3. MopdospurporpaMmmbl 3pUTPOLIUTOB Jommaau (a), oOsika (b), cobaku (c) mocne nodasienus 30%-ro pacTBopa
II30-1500 npu 0°C. YBenmuenue rnpu cbemke 160.

Fig. 3. Morphoerythrograms of equine (a), bovine (b), canine (c) erythrocytes after adding 30% PEO-1500 at 0°C. Magni-
fication 160.

BCEX BHJIOB JKUBOTHBIX, KaK U SPUTPOIUTHI YEIIOBEKA
[6] mproOpeTany cnabOBBIPAKEHHYIO S3XUHOLUTAPHYIO
¢dopmy. 3BecTHO, 4TO OTHOW U3 MPUUUH KPEHUPOBa-
HUS KJIETOK SBJISETCS yAalleHne OEIKOB IUIa3Mbl, B
YaCTHOCTHU allbOyMUHa.

[Ipu B3aumozpeiicTBrH Ki1eToK ¢ 20%-M pacTBOpOM
JMCO 3puTpoIUThl BCEX BUIOB KHUBOTHBIX TPHOOPE-
Tanu GopMy HEmoaHOU cepsl ¢ pa3sHON IIyOHHOM
HeHTpanbHOU SMKH (puc. 2). CycneHaIupoBaHue dpH-
TporuToB B 30%-M pactBope [120-1500 (puc. 3) mpu-
BOJUT K WX YIUIONIEHUIO, YTO CBS3aHO ¢ 00e3BO-

MPOBJIEMbI
KPUOBMOJIOrMM
T. 17, 2007, Ne2

Analysis of frozen-thawed in the presence of 20%
DMSO erythrocytes testifies to the fact that cells are
mostly represented by echinocytes (Fig. 4). The majo-
rity of frozen-thawed animal erythrocytes, frozen-
thawed in the presence of 30% PEO-1500 became
cup-shaped (stomatocyte). Cell aggregation was more
manifested under these conditions (Fig. 5).

Erythrocyte transformation into echinocytes and
stomatocytes under the effect of the studied factors
can be a compensatory-adaptive cell response [4].
Therefore of interest was to trace a change in the
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Puc. 4. MopdospurporpaMmsl JeKOHCEPBHPOBAHHBIX 3PHUTPOLUHUTOB Jomanu (a), Obka (6), codaku (B). Kpwmo-
KoHcepBHpyomas cpema — 20%-it pacteop IMCO. Yeenuuenue npu cbeMke 250.

Fig. 4. Morphoerythrograms of equine (a), bovine (b), canine (c) frozen-thawed erythrocytes. Cryopreserving medium:
20% DMSO solution. Magnification 250.

JKHBaHUEM W arperanueii kiaetok. Ilpu stom orme-  shape of frozen-thawed erythrocytes after their return
4aeTCsl CIIaKEHHOCTh MEMOpaH. into physiological conditions. Fig. 6 demonstrates the

Amnanu3 GopMBl PasMOPOKEHHBIX dpuTponuToB, morphoerythrograms of frozen-thawed animal erythro-
KPHOKOHCEPBUPOBAaHHBIX mox 3amuTtoi 20%-ro  cytes after their transfer into plasm. It was established
JIMCO, cBumeTensCTByeT 0 TOM, yTo B ocHoBHOM that when transferring equine erythrocytes into plasm
KJIETKH NPEACTaBIAOT coboi sxuHouuThl (puc.4).  after being cryopreserved in 20% DMSO-containing
Bosblias 4acTh pa3sMOPOKEHHBIX 3PUTPOLMTOB KK~  cryoprotective medium, the “rouleaux” were formed,
BOTHBIX, KDHOKOHCEPBHPOBaHHBIX moj 3amuroii  Where erythrocyte shape was close to a discocyte,
30%-ro IT20-1500, nprobperana yanesuanyro ¢pop-  that could testify to a possible preservation of main
My (cTOMaroIuTo3). Arperamys KIeToK B 9Thx ycio-  erythrocyte function. The “rouleaux” formation is
BUsIX OblIa OoJiee BeIpaxkeHa (puc. 5). absent in bovine and canine erythrocyte suspension.

Tpancdopmanys >pUTPOLMTOB B dXMHOUMTHEL M This is possibly stipulated by the fact that equine
CTOMAaTOLUTHI 1OJ BO3AelcTBMEM Hccienyembix —erythrocytes have a greater aggregation ability in
(baKkTOpoB MOXKET ObITh KOMIEHCaTopHO-pucnoco-  plasm, then those of other animal species [8]. Erythro-
outenbHOM peaknumeii kinetok [4]. ITooromy npencras-  cyte shape of bovine and canine is close to a native
JISJI0 MHTEPEC MPOCIEAnTh 3a u3MeHenueM ¢opmel  and is similar to that, gained by them in “Glygicir”
JIEKOHCEPBUPOBAHHBIX DPUTPOLMTOB IMOcie ux Bo3-  solution within some hours. Erythrocyte transfer of all
BpaTa B (DU3HOJIOTHUECKHE YCIIO-
BusA. Ha puc. 6 mpencraBiieHs
MOP}O3pUTPOTrpaMMBbI IEKOHCEP-
BUPOBAHHBIX IPUTPOLIUTOB KHBOT-
HBIX TIOCJIe MX IEPEHECCHUs B
asMy. YCTaHOBIEHO, YTO HpHU
MIEPEHECCHUH DPUTPOLIMTOB JIOIIA-
I B TUIa3My MOCJIe KPHOKOHCEP-
BUPOBaHMS B KPHO3AIUTHOM Cpe-
ne, congepxkamieit 20%-it JIMCO,
hopmupyroTCs “MOHETHBIC CTOJI-
OHKH”, B KOTOPBIX opMa 3pHTPO-
UTOB OJ1M3Ka 110 (hopMe K JUCKO-
IIUTaM, YTO MOXKET CBHCTEIIHCT-
BOBAaTh O BO3MO)KHOM COXPaHEHHH
OCHOBHO# (DYHKIIIY SPUTPOLIUTOB.
dopMHUpOBaHUE “MOHETHBIX CTOJ-
OMKOB” OTCYTCTBYET B CyCIICH3UHI
SPUTPOIUTOB ObIKA U COOAaKH.

- .

b

Puc. 5. Mopdospurporpammsl Je-
KOHCEPBUPOBAHHBIX 3PUTPOLHUTOB
nouanu (a), osika (6), codbaku (B).
KpuokoncepBupytomas cpena —
30%-1t pactBop II20-1500. YBennue-
HUe 1pu cbeMke 160.

Fig. 5. Morphoerythrograms of equine
(a), bovine (b), canine (c) frozen-
910T (aKt, BOIMOKHO, 00YCII0B- thawed erythrocytes. Cryopreserving
JIEH TE€M, YTO SPUTPOLIUTHI IO TN ; medium: 30% PEO-1500 solution.
00nagaroT 6OJIbIIEH arperaoH- SR ey | Magnification 160.
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Puc. 6. Mopdorpammbl IeKOHCEPBUPOBAHHBIX IPUTPOIMTOB JIOIIau (a, T), Obika (0, 1), codaku (B, €) IOCIIe MEPEHECCHUS
B IIa3My: a, b, ¢ — KpuokoHcepBupytomas cpena — 20%-i pacteop IMCO, d, e, f— kxpnoxoHcepBupyromas cpena — 30%-i
pactBop [130-1500. YBennuenne npu cremke 160.

Fig. 6. Morphograms of equine (a, d), bovine (b, €), canine (c, f) frozen-thawed erythrocytes after transferring into plasm:
a, b, ¢ — cryopreserving medium of 20% DMSO solution, d, e, f — cryopreserving medium of 30% PEO-1500 solution.

Magnification 160.

SPUTPOIUTHI IPYTUX BUIOB KUBOTHBIX [8]. Dopma
SPUTPOLIUTOR ObIKa M COOAKK OJIM3Ka K HATUBHOW U
11o100Ha TOH, KOTOPYIO OHHU ITPHOOPETAIH B PaCTBOpPE
“I'morunup” B TEUEHUE HECKONIBKHX yacoB. [lepenoc
SPUTPOLMTOB BCEX BUAOB KHUBOTHBIX B IJIa3MY I1OCTIE
kpuokoHcepupoBaHus ¢ 30%-m I130-1500 we npen-
OTBpAaIaeT CTOMAaTOLUTO3 U arperanuio KIeToK.

BbiBOADI

[Mony4yeHHBIE pe3yNbTaThl CBUACTENBCTBYIOT O
pa3HOM JISHCTBUH MPOHHUKAIOIIETO U HETIPOHUKAOIIETO
KpHOTIPOTEKTOPOB [5]. JlekoHCepBUPOBAHHBIE DPUTPO-
IUTHI BCEX UCCIIETyEMBIX BHJIOB )KHBOTHBIX 101 BIIHSI-
HUEM [TPOHUKAIOIIEr0 KPUOTIPOTEKTOpa TPAHCPOPMH-
PYIOTCSI B OXHHOIIUTEHL, B TO BPEMsI KakK MPH JCHCTBUH
HEMPOHUKAIOIIET0 KPHOMPOTEKTOpa HAOII0aeTCs
CTOMATOLIUTO3.
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animal species into a plasm, after cryopreservation with
30% PEO-1500 does not prevent stomatocytosis and
cell aggregation.

Conclusions

The results obtained testify to a different effect of
penetrative and non-penetrative cryoprotectants [5].
Frozen-thawed erythrocytes of all studied animal
species under the effect of penetrative cryoprotectant
transform into echinocytes, meanwhile under a non-
penetrative one a stomatocytosis is observed.
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