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Stimulating Effect of Low-Molecular Fraction from Cord Blood
on Adhesion and Proliferation of Human Fibroblast Culture
After Cryopreservation

U3yueno piausiue dpakumu 1o 5 k/{a, momyueHHOit 13 KopioBOi KPOBH, Ha a/Ire3UBHbIC U MPOoJIH(epaTHBHbIC CBOWCTBA JUILIONTHON
KYJIBTYPbI SMOpHOHAIBHBIX prOpobiacToB yesoBeka. [lokazano, 4To yka3aHHas (ppakuus He BiauseT Ha 3P HEeKTUBHOCTh IPUKPEIICHHS
KJIETOK, YBEIMYMBACT CKOPOCTh PACIIACTHIBAHUS KJIETOK Ha ITOJIOKKE U CTUMYIUPYET MPOIU(epalnio Kak HATUBHOM KYJIBTYPbI, TaK
U TI0CIIe ee KpUOKOHcepBupoBaHus. CrenaH BBIBOA O CTUMYJIUPYIOLIEM BIUSHUN (QPaKIHK U3 KOPIOBOH KPOBU Ha POCT KYJIBTYpHI
(¢ubpobacToB yenoBeka, MOKa3aHO ee pernapaTuBHOE ACHCTBUE Ha HAPYIICHHBIH B Pe3yJIbTaTe KPUOKOHCEPBUPOBAHUS KIICTOUHBIH
MeTabomn3M.

Knioueswie cnosa: dhpaxuus 1o S k/la 13 KopoBoii KpoBH, prOpoOIacTsl YeI0BeKa, KPpHOKOHCEPBUPOBAHHUE, aATe3Hs, TPOIUdepariis.

Busuena nis ¢pakuii 1o 5 x/la, mo oTpuMana 3 KOpJOBOi KpOBi, Ha aAre3uBHi Ta npoiidepaTHBHi BIACTUBOCTI TUIIIOIAHOT
KYyJIbTypH eMOpioHansHuX (GibpobnactiB igroauuu. [Tokazano, mio st Gppaxiis He BIUIMBAE HA e(EKTUBHICTh NPUKPIIUICHHS KIITHH,
HiIBHIIYye IBUAKICT PO3LIAPOBYBAHHS KIITHH Ha MiJUIOKI Ta CTUMYIIOE Mpoiidepanito sK HATUBHOI KyJIBTYPH, TaK i Micis
KpiOKOHCEpBYBaHHS. 3p00JICHO BUCHOBOK IIPO CTUMYITIOIOUY Jit0 (pakiii 3 KopAoBol KpoBi Ha picT KynbTypH GibpobiacTiB I0aMHY,
nokasasa ii pernapaTtuBHa Jisl Ha HOPYLICHUH KIIITHHHUH METa0oIIi3M Hiciisl KpiOKOHCEpBY BaHHSI.

Knrwwuoei cnosa: dpakuis 1o 5 x/la i3 KopaoBoi KpoBi, (pidpodaacTy IFOIUHK, KPIOKOHCEPBYBaHHS, are3is, Ipostidepartis.

The effect of the fraction below 5 kDa, procured from cord blood, on adhesive and proliferative properties of human embryonic
fibroblast diploid culture was studied. The mentioned fraction was shown as not affecting the efficiency of cell attachment, increasing
the rate of cell flattening on substrate and stimulating proliferation of both native culture and after cryopreservation. There was
concluded about a stimulating effect of cord blood fraction on human fibroblast culture growth, with demonstrating its reparative effect

on a disordered cellular metabolism after cryopreservation.

Key words: cord blood fraction below 5 kDa, human fibroblasts, cryopreservation, adhesion, proliferation.

[lepcniekTuBHOCTH IpUMEHEHUS HUOPOOIACTOB He-
JoBeka B MequinHe [ 7-9, 15] o0ycnaBnuBaeT He00X0-
JUMOCTD CO3/IaHMs OAaHKOB IS JJOJITOBPEMEHHOTO Xpa-
HEHHS, 9TO TpeOyeT pa3pabOTKH TEXHOIOTHIA KPHOKOH-
CEPBHUPOBAHMSI, a TAKXKe MOMCKA My TeH st OBICTPOTO
BOCCTaHOBJIEHHS KJIETOK ITOCIIE KPHOKOHCEPBHPOBAHHUS
¢ coxpaHeHrueM MOp(h o yHKIIMOHATBHBIX CBOHCTB.

CymiecTByromue MoaxoAbl, KOTOpble o0ecreyn-
BaIOT BOCCTAaHOBJICHUE MTOBPEKACHHUH B KJIIETKaX MOCIe
KPHUOKOHCEPBHPOBAHUS, OCHOBAHbI Ha MPUMEHEHUH
MeMOpaHCTaOMIM3UPYIOUIMX BelecTB [3], moBbIIIe-
HUM HEPreTHKH KJIETKU IyTeM BHECEHHs JOMOIHHU-
TEJIBHBIX CyOCTPaTOB 3HEPreTUYecKoro oomena [21],
N00aBICHUN PA3IMYHBIX POCTOCTUMYIUPYIONINX Be-
mectB [19].

N3BecTHO, 4TO KOpIOBask KPOBb CONEP)KHUT YHH-
KaJlbHBIH cOalaHCHPOBAaHHBIA KOMILIEKC crienugu-
YECKHX TUTAIIeHTApPHBIX (PaKTOPOB, KOTOPHIE OTpee-
JSI0T pocT U AuddepeHImpoBaHne TKaHEW Moja,
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The perspectiveness of applying human fibroblasts
in medicine [7-9, 15] stipulates the necessity in establi-
shing banks for long-term storage, requiring the design
of cryopreservation technologies, as well as the search
for ways of rapid cell recovery after cryopreservation
with preserving morphofunctional properties.

Current approaches, providing the recovery of da-
maged cells after cryopreservation, are based on ap-
plying the membrane-stabilising substances [3], in-
creasing the cell energetics via introducing the additio-
nal substrates of energetic metabolism [21], adding
different growth-stimulating substances [19].

Cord blood is known to contain a unique balanced
complex of specific placental factors, determining the
growth, differentiation of fetal tissues and regulating
its metabolism [4]. The inclusion of fraction with mole-
cular weight below 5 kDa, procured from cord blood,
into the growth media composition of different lines,
was shown to stimulate their proliferation [6, 16].
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perynupyiot ero merabonusm [4]. [lokazaHo, 4To
BKJIIOYEHHE (PpaKkIMH C MOJNEKYISIPHBIM BECOM [0
Sx/la, mosry4eHHO# U3 KOPAOBOM KPOBH, B COCTAB POC-
TOBBIX CPEJ Pa3WYHBIX JMHUH CTUMYIUPYET UX
nponudepanuro [6, 16].

Lenb paboThl — U3y4YeHHE CIOCOOHOCTH (PpaKLUuU
10 5 x/la, nony4eHHO# U3 KOPAOBOU KPOBHU, OKa3bIBATh
BOCCTAaHABIIMBAIOIIEE IEHCTBUE HA KJIETKH TUTUIOU-
HOH KyJIBTYpBI UelloBEKa I0CyIe XpaHeH!s B KpuoOaHke
pu —196°C.

Matepnanbl 1 metoAbI

UccnenoBanust BBINOTHEHBI HA TUTUIOUIHOM KyJIb-
Type 3MOpHOHaNbHBIX GHOpobaacToB yesnoseka (PY)
[17] na 4—6 maccaxkax. KieTku KynbTHBHpPOBAIH TIO
oOmenpunsToi Mmetoauke [ 11], nx moceBHast KOHIIEH-
tpamus coctasuia 0,8—1,0x103 ki/mut.

KpuoxoncepsupoBanne ®U ocymecTBisiim mno
mporpamMmam, pa3pabOTaHHBIM JUJISl IEPEBUBAEMBIX
KJIETOYHBIX KynbTyp [11].

HuszkomonexynsapHyto Gppakiuio KOpAoBOH KPOBH
(®KK) morydanu u3 KOpI0BOI KPOBU KPYITHOTO POra-
TOTO CKOTa IT0 OPUTUHAILHOMN TEXHOIOTHH [6].

®dpakiuo B KOHIIEHTpaLKK 5,6 MKJI/MJI [6] 100aB-
JISUTA B CTAaHAAPTHYIO pOCTOBYIO cpeny ¢ 10% ambpuo-
HanbHOMH chIBOpOTKH (DC) KPYITHOTO pOraroro CKoTa
W MUHUMAaNbHBIM copepyxanneM DC — 2%, KoTopoe
obecrieunBao mpoudepanunio KIeTok 1 GopMHpOBa-
HUE MOHOCJIOS.

[Ipenaparom cpaBHeHHS CIY>KWJI (PapMaKoIOTH-
yeckui npenapar “Axrtoserun’” (Nycomed, ABcTpusi)
B aHAJIOTUIHOM KoHITeHTpamuu [ 13].

O MOppOPYHKIIMOHATEHOM COCTOSIHUM JUTUTONTHOM
KYJBTYPbl CYAWIHM 1O aAT€3UBHBIM CBOHCTBAM H
nponudepaTHBHON aKTHBHOCTH. D(H(HEKTUBHOCTH MPHU-
KpEeIUICHHA OTPEAeIIsIN MOACUYETOM HEMPUKPETIHB-
LIMXCA KJIETOK Yepes 24 4 1ociie Hauana KyJIbTUBUPO-
BaHus [18]. I onpenenenus CKOpoCTH pacIuiacThl-
BaHUS KyJBTYpPbI MOACYUTHIBAIH KIETKH PAa3IAYHON
CTETIEHH pacIIaCTaHHOCTH Ha (QHUKCHUPOBAHHBIX
npenaparax uepes 1,5; 3; 5 u 24 g nocne nocesa. [pe-
napatsl (puKCHpOBal B pacTBope bysHa, okparmBanu
remarokcunuHoM Kapaan u 1%-M pactBopoM no3uHa
[14]. TIponudepaTHBHYIO aKTHBHOCTH OTIPEACIISIIN Ha
4-e CyTKH KyJIETUBHPOBAHHS 110 OTHOILICHUIO KOINYECT-
Ba CHSTBIX KJIETOK K KOJIMYECTBY MOCESIHHBIX KJIETOK
B | M. Pe3ymprar BhIpaxaiu ¢ IOMOIIbIO ko3hhu-
nueHTa npojudepaiuu (K). KieTky nmoacuuthiBaig B
kamepe lopsieBa oOmenpuusaTeIM criocodom [10].

Craructuyeckyio o0paboTKy pe3ybTaToB POBO-
JIVJTH C TIOMOIIBIO TPOTPaMMHOTO makeTa “Statgraphic
plus for Windows”, Bepcun 2.1 ¢ HCIOIb30BaHUEM
Kputepusi MaHHa- YUTHH.

Pe3yAbTatbl M 00Cy)xaeHue
Anre3mst KJIETOK — DHEPro3aBUCUMEIN Ipoliecc,
KOTOPBIH OCYIIECTBISIETCS IOCPEICTBOM MOJIEKYJI
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The research aim was to study the capability of
the fraction below SkDa, derived from cord blood, to
cause a recovering effect on human diploid culture
cells after storage at cryobank under —196°C.

Materials and methods

The research was accomplished in diploid culture
of embryonic human fibroblasts (HFs) [17] with 4-6
passages. Cells were cultured according to the stan-
dard technique [11] with 0.8—1.0x103 cells/ml inocu-
lating concentration.

The HFs were cryopreserved by the programs, de-
signed for recultured cell cultures [11].

Low-molecular fraction of cord blood (FCB) was
derived from the cattle cord blood according to the
original technique [6].

The fraction in 5.6 pl/ml concentration [6] was
added into the standard growth medium with 10% fetal
bovine serum (FBS) and the minimum 2% FBS con-
tent, providing the cell proliferation and monolayer
formation.

The pharmacological preparation Actovegin (Nyco-
med, Austria) in the similar concentration served as
the reference substance [13].

Morphofunctional state of diploid culture was judged
by adhesive properties and proliferative activity. The
attachment efficiency was determined by calculating
the unattached cells in 24 hrs after culturing beginning
[18]. In order to determine the rates of culture flatten-
ing we calculated the cells with different flattening rate
on the fixed preparations in 1.5; 3; 5 and 24 hrs after
inoculation. Preparations were fixed in the Bouen’s
solution, stained with Karachi hematoxylin and 1% eo-
sin solution [14]. Proliferative activity was determined
to the 4" culturing day in respect to the number of
removed cells to that of inoculated ones in 1 ml. The
result was expressed with the proliferation coefficient
(K). Cells were calculated in Goryaev chamber accord-
ing to the standard methods [10].

The results were statistically processed with the
“Statgraphic plus for Windows” software, 2.1 version
with Mann-Whitney criterion.

Results and discussion

Cell adhesion is the energy-dependent process,
realising by means of molecules of intercellular adhe-
sion, representing proteins on a plasmatic membrane.
These proteins mediate the cell interactions among
themselves and with extracellular matrix as well [2].
Under monolayer culturing this process may be repre-
sented as the successive stages, starting from cell
attachment to the substrate and finishing by their
flattening with getting a typical morphology.

In our experiments the attachment efficiency of
HFs native culture (Table) was established as not
dependent on ES concentration in growth medium and
making 59-61% of a number of inoculated cells.
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MEXKJIETOYHON aiare3uy, MpeacTaBisSIoNIe cO00M
Oenku Ha IUIa3MaTudyeckold MeMmOpane. DTH Oenku
OTIOCPEAYIOT B3aUMOACHCTBHSI KJIIETOK MEXIy co00i
1 C BHEKJIETOUHBIM MaTpuKcoM [2]. B ycnoBusx MoHO-
CJIOWHOTO KYJNBTHBHPOBAHUA 3TOT MPOIECC MOKHO
MIPECTaBUTh KaK IMOCJIeN0BaTeIbHbIE JTAIbl, HAYH-
HAIOINeCs C MPUKPEIUICHUS KIETOK K TMOJIOXKKE U
3aBepIIAIONINECS X PACTIIIACTEIBAHUEM C ITpHOOpeTe-
HHUEM XapaKTepHOH MOpP(HOIOTHH.

B nammx skcriepuMenTax OblTo yCTaHOBIEHO, YTO
3¢ PEKTUBHOCTD NPUKPEIJICHNUSI HATUBHOM KYJIBTYPBI
®Y (Tabmuna) He 3aBUCHT OT KoHIeHTparuu JC B
pocToBOii cpene u coctaBisieT 59—-61% ot konuuect-
Ba MocessHHBIX KieTok. M3yuenne BnusHus OKK Ha
s¢¢pextuBHOCTD npuKpemeHuss ®Y moxaszano, 4to
KOJIMYECTBO MPUKPEIUIEHHBIX KJIETOK JOCTOBEPHO HE
OTIIMYAJIOCh OT UX KOJMYECTBA B COOTBETCTBYIOIINX
KOHTPOJISIX. ““AKTOBETHH TaKKe HE BIIHUT HA ATOT I10-
Kazareyb. YCTaHOBIIEHO, YTO MPOIECC KPHOKOHCEPBH-
pOBaHUS MO BBHIOPAHHOW MpOrpamMMme HE OKa3bIBall
BrusHUA Ha dddexTuBHOCTh NMpuKpermieHus OY mo
CPaBHEHHIO C HATUBHOW KyJIBTYpOIi BO BCeX 0OpasIax.
“Axroserun’ n ®KK B kynsType nocie KpuoKOHCEpPBH-
pOBaHMs TaKKe HE BIUSUIM Ha 3TOT MOKa3aTelb IO
CPAaBHEHHIO C KOHTPOJIEM.

N3BecTHO, 4TO pacmiacTaHHOCTH KJIETOK Ha MOJI-
JIOKKE BIIMSIET Ha 3aITyCK MEXaHU3MOB JI€JICHUS, [IUTO-
CKEJIETHBIE IEPECTPONKH, PETYISIINIO KCIIPECCUH Te-
HOB [ 12, 20]. B cirydae, koria mojaoKATeTLHBIE CUTHAIIBI
OT aJre3MBHBIX OEIKOB HE IMOCTYTAIOT, OJIOKUPYETCS
HE TOJBKO BCTYTUIEHHE KIIETOK B MUTOTHYECKUH ITHKIT,
HO ¥ TTPOMCXOJUT aKTUBAIKs aronTo3a [22, 23]. Bei-
CKa3bIBaeTCs TaKKe MPeIoJIOKEHNe, 9TO CyIec-
TBYET 3aBHCHMOCTb MEX/y IJIOLIaIbI0 paclacTaH-
HOM KJIETKHU U KOJTMYECTBOM KOHTAKTUPYIOLUX MOJIE-
Kyl (haKTOpOB POCTa, a TaKKe MOTPeOJICHHBIX MHUTA-
TenbHbIX BemecTB [1]. Takum oOpa3om, konuuec-
TBEHHBIH yUeT HPUKPETUBLIMXCS KJIETOK OBLIO 1elie-
co00pa3HO IOMOIHUTH U3YYEHHEM CKOPOCTH MX pac-
IUTACTBIBAHUS, YTO SIBJISIETCSI Ba)KHBIM I10Ka3aTelIeM

Studying the FCB effect on the efficiency of HFs
attachment demonstrated the number of attached cells
as not statistically and significantly different from that
in the corresponding controls. Actovegin did not affect
this index either. Cryopreservation process according
to the selected program was established as not
affecting the HFs attachment efficiency, compared to
anative culture in all the samples. FCB and Actovegin
in culture after cryopreservation did not affect this index
either, compared to the control.

Cell flattening on a substrate is known to affect the
triggering of fission mechanisms, cytoskeletal rear-
rangements and gene expression regulation [12, 20].
In this case, when the positive signals from adhesive
proteins do not income, not only the cell entry into a
mitotic cycle is blocked, but there is occurred the apop-
tosis activation as well [22, 23]. There is a suggestion
about the existence of dependence between the
flattened cell area and a number of contacting mole-
cules of growth factors, as well as the taken nutritives
[1]. Thus, it was expedient to perform a quantitative
accounting of attached cells with studying their
flattening rate, being an important index for culture
physiological state and necessary for its further growth
forecasting.

When studying the FCB effect on flattening
processes it was established as not causing a significant
effect on a total number of flattened cells of native
culture, independently on ES content in growth medium
(Fig. 1). Calculation of all the cells, manifesting flat-
tening signs, but being at different stages (from initial
to final ones) demonstrated, that in a native culture
even in 1.5 hrs after inoculation in media with various
ERS content (2 and 10%) and FCB adding, a total
number of flattened cells made 96.8 + 0.9 and 96.6 +
0.5%, correspondingly. This index did not statistically
and significantly differ from that in FCB-free media.
No statistically significant differences in total number
of flattened cells within following 3; 5 and 24 hrs in
the samples with FCB adding and corresponding control

D¢ dexrnBHOCTS pHKperienus PY gepes 24 4 KynsTUBHpOBaHus, % (n = 6)
Efficiency of HFs attachment in 24 hrs of culturing, % (n=6)

Copepkanne IC Bcpepe bt A0GABACHH
Kyabrypa KYABTUBUPOBAHMUS, % Koutpoan Tlpu po6aBrennn OKK P AK?OBQI‘I/IHa"
Culture ES contentin cultivation Control Adding of CBF . " s
- o Adding of "Actovegin
medium, %

10 59+ 3 63 = 0,6 58 *= 0,6
Harusnas
Non-frozen

2 61 =4 63 = 6,3 61 =6

10 61 =2 63 = 2 59+ 3

KpuokoHcepBUpOBaHHAA
Frozen-thawed
2 62 =3 59+ 1 64 = 4
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(hM3HONOTHYECKOTO COCTOSIHUS KYJIBTYPBI H HEO00XO-
MO JUTSl IPOTHO3a €€ JaIbHEHIIIero pocTa.

[Ipu nzyuyenun Bausuus ®KK na mponeccs
pacmiacTeIBaHUs YCTAaHOBJIEHO, UYTO OHA HE OKa3bIBajla
CYLIECTBEHHOTO BO3JEHCTBUS Ha 001ee KOJTMYECTBO
PacIIaCTaHHBIX KJIETOK HATUBHOM KYJIBTYpbI, HE3aBH-
cumo ot coaepxkanus IC B pocToBoii cpene (puc. 1).
[ToacueTt Bcex KIIETOK, MPOSABISAIONINX IPU3HAKHU pac-
IJTACTHIBAHMS, HO HaXOMIALINXCS HA Pa3HBIX CTaJMIX
(OT HaYaNBHBIX 10 KOHEYHBIX ) TIOKA3aJl, YTO B HATUBHON
KyJIbType yxke depe3 1,5 94 mocie mocesa B cpefax ¢
pazmuuabiM conepkannem DC (2 u 10%) u mobasie-
aueM OKK obmiee xoaudecTBO pacmiacTaHHBIX
KJIETOK cocTaBisiio 96,8 £ 0,9 n 96,6 + 0,5% coorBer-
CTBEHHO. JlaHHBII MOKa3aTeab JOCTOBEPHO HE OTIIH-
yaJjics OT TaKOBOTO B cpeaax Oe3 nobamnenus OKK.
He 65110 0TME4EHO 1 1OCTOBEPHBIX pa3Ilyuii o01Le-
r0 KOJIMYECTBA PaCIUIaCTaHHBIX KIETOK B MOCIEAYIO-
mue 3; 5 u 24 4 B obpasuax c¢ nodasnenuem ®KK u
COOTBETCTBYIOLIIEM KOHTPOJIE. “AKTOBETUH TaK)KE HE
BITMSUT HA 3TOT MOKA3aTeb.

OTMedeHO, YTO OMBITHBIE 00pa3Ibl BU3yadbHO
OTJINYAIIUCH OT KOHTPOJBHBIX. [loka3ano, 4To cTeneHs
pacmactaHHocTd DY, KOTOPYO MBI ONPEAEISUIN 110
KOJIMYECTBY KJICTOK C XapaKTepHO s pubpoodiac-
TOB BEpPETEHOOOpa3HOW (POPMOM, UMEET CYIICCTBEH-
HBIE pa3INyuys BO BCEX M3YUEHHBIX BapuaHTax (puc. 1).

B nauaneubie cpoku uccuemoBanus (1,5 u 3 1)
KOJINYECTBO BEPETEHOOOPA3HBIX KIETOK IPH KYJIETUBHU-
poBanuu B cpegie ¢ 10% 3C B 9 u 1,5 pasa npessliano
ux Koinu4yecTBo B cpenie ¢ 2% IC. K 5 wacam Habmio-
JICHHS IPOLIECC PACILIACTHIBAHUS KIETOK B CpENiE, CO-
nepxamein 2% 3C, 3HAYUTENBHO aKTUBUPOBAJICS.
KonnuectBo BepeTeHOOOpa3HBIX KIETOK B Cpefe ¢
2% OC mpesbimano TakoBoe B cpene ¢ 10% B 1,5 pa-
3a. OgHako yepe3 24 4 pocra KyJlbTyphl KOTHYECTBO
KIIETOK BEpeTeHO00pa3HOM POPMBI B cpeie, coaepika-
et 10% 2C, 6b110 JOCTOBEPHO BHIIIE, €M B CpEIIe
¢ 2% OC.

OKK npu nodasienun B cpexy, coaepxaryro 10%
9C, oka3bIBaJla JOCTOBEPHOE CTUMYJIUPYIOLIEE NEHCT-
BHE Ha KOJINYECTBO BEPETCHOOOPA3HBIX KJIETOK OTHO-
CUTEJIBHO KOHTPOJIS C 3-X 4acoB poCTa KyJIbTYPHI —
Ha 15,4%; uepe3 5 u —Ha 18% u 24 4y — Ha 13,6%.

HetictBue KK, ctumynupyroiiee pacriacTbiBa-
nue OY, npu nobasnenuu B cpexay ¢ 2% IC mposBis-
J0ch B OoJiee paHHHE CPOKH Mmociie mocesa. Kommyect-
BO BEPETEHOOOPA3HBIX KJIETOK IOCTOBEPHO MPEBBIIIA-
JI0 KOHTPOJIb uepe3 1,5 1 pocra KynsTypsl Ha 5,2%,
3y—na20,2%;54—mna 16,8% u 24 4y — Ha 18,4%.

Kax mo>xHO BUaeTh U3 puc. 1, mocrne 3-x 9acoB poc-
Ta KyJabTyphl paciiacteiBanue OY npu noOaBieHNH
O®KK B cpenpl KynsTUBHPOBaHHS 00Jiee BHIPAKEHO B
cpene, cogepxkauieit 2% OC. Yepes 5 4 KOIUUECTBO
BEpPETEHOOOPAa3HbIX KIJIETOK B 3TOM BapHaHTE ObLIO B
1,3 paza 6ombire, yem npu qodasiaernu KK B cpeny
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Puc. 1. /[unamuka pacriacTeIBaHUS HaTUBHOM KyJIBTYpHI
@Y ipu modasnennn OKK u “AxToBerrHa’ B Cpey KYJIBTH-
BupoBanus B mpucyretsuu 10% 9C (a) u 2% IC (6) (n=75).
Oo111e€e KOTMUECTBO PacIUIaCTaHHBIX KIETOK: < — KOHTPOJIb,
O- npu go6asienuu “AxToBeruna”, A\ — npu 106aBIeHIN
®KK. KonmnyecTBo BepeTeHOOOPA3HBIX KICTOK: @ — KOHT-
poib; B —1ipu noGasnennu “AxroBeruta”; A —npu 106aB-
nernu OKK. *, # — paziauuust CTATHCTUYECKHU JOCTOBEPHBI
st BapuanTta ¢ nobasierneM OKK u “AxroBernHa’” mo
CpPaBHEHHIO C KOHTPOJIeM cooTBeTCTBeHHO (P <0,05).

Fig. 1. Dynamics of HFs native culture flattening when
adding FCB and Actovegin into the culturing medium in
the presence of 10% ES (a) and 2% ES (b) (n=5). Total number
of flattened cells: <> — the control, O0 — under Actovegin
adding, A —under FCB adding. Number of spindle-shaped
cells: @— the control, M — under Actovegin adding, A —
under FCB adding. *, * — differences are statistically sig-
nificant for the variant with FCB and Actovegin adding,
compared to the control, correspondingly (p<0.05).

were revealed. Actovegin did not affect this index
either.

The samples were observed as visually differing
from the control ones. The HFs flattening degree,
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¢ 10% DOC. Iocre 24 1 HaOmMONEHNS TOCTOBEPHBIX OT-
JIYHN MEXKTy 3THMH BApHAHTaMH yCTaHOBJIEHO HE OBLIO.

BnusiHue “AkToBernHa” Ha CKOPOCTh PacIIacThI-
BaHMA KynbTypsl @Y ananornyno KK, Ho konndecTBo
BEpPETEHOOOPa3HBIX KIETOK B IEpPBBIE Yachkl pocTa
KyJBTYpPBI ObIJIO JOCTOBEpHO HIbKE. CTUMYNIUpYIoIIee
nerictBue “AxroBernHa’” goctunio yposHsa OKK
TOJIBKO K 24 4 pocTa KyJIbTYpHI.

Taxum o6pazom, ctumynupytoree neiictsue KK
Ha CKOPOCTh PACIUIACTBIBAHHUS HATWBHOW KYJIBTYPHI
@Y nposBIIeTCs YKE B IEPBBIE Yachl IOCIE MOCEBA.
Uepes 24 4 pocTa HATUBHOM KYJIBTYpPHI KOIUYECTBO
BEpEeTeHO00pa3HBIX KJIETOK B oOpas3nax ¢ nobasiie-
HueM @KK B cpenbl KylIbTUBUPOBAHUS, COACPKALIUE
10 n 2% OC, npeBbIIaeT aHATOTMYHBIA TOKa3aTelb
B COOTBETCTBYIOLINX KOHTPOJISAX. BO3MOXHO, 3TO fB-
JIIe€TCSl IPU3HAKOM YCKOPEHHMs perapaniy He3HAYH-
TENbHBIX MOBPEXACHNUN KIETOK, BO3HUKAIOIINX MpU
Iepecese.

Ha cnenyromem stane paboThl U3y4aiu BIHSHUE
KPHOKOHCEPBHPOBAHMS HA CKOPOCTH PaCIIaCThIBAHUS
KynbsTypsl @Y. YcTaHOBIEHO, YTO pacIuiacThIBaHUE
Ha TIO/JIOKKE IEKOHCEPBUPOBAHHBIX KJIETOK IPH HX
MOCJIEAYIOMEM KyJIbTUBUPOBAHUH CYIIECTBEHHO
3amezsieTcs (puc. 2). Eciau B HATHBHOM KyJIBType yxKe
yepe3 1,5 4 mocie moceBa KJIETOK MPaKTUYECKH BCe
MIPUKPENUBILNECS KIETKH, HE3aBUCUMO OT COJECPIKaHNsA
OC B cpesne KynbTUBUPOBAHHUSA, IPOSIBIISLIIN IPU3HAKU
pacmacteiBanus (cM. pHc. 1), To mocie KpHOKOHCep-
BHPOBaHMS 3TOT ITOKA3aTelb B Cpeaax, COAEpIKaIINX
10 2% OC, cocraBun 45,2 £ 1,8 1 56,6 +2,8% coot-
BETCTBEHHO. B mocnenyromue cpoxu HabironeHus (3
U 5 4 mocie nocesa) o011ee KOJIMYECTBO paciiiacTaH-
HBIX KJIETOK ITpH KyasTuBHpoBaHnu @Y B cpene ¢ 2%
OC 6vu10 OoJbIIe, YeM B cpene, coaepxkarieit 10%
OC. IlpeacraBneHHbIe TaHHBIE CBUACTEIHCTBYIOT O
TOM, YTO pacIUIaCTHIBAHHUE JE€KOHCEPBHPOBAHHBIX
KJIETOK B PaHHHE CPOKH ObLIO 00JIee BHIPaKEHO MPHU
kynsTuBupoBannu U B cpene, cogepxarnieit 2% IC.
OnHaxko K 24 4 HaOIIOAeHUS TOT IIOKa3aTelb J0CTO-
BEPHO HE OTJINYAJICA B 000MX BapHaHTaX U COCTABIISII
92,4-94,2%.

Bo3moxHO, 1111 TpoTeKaHus aAre3MBHbIX MpoLec-
COB, 0COOEGHHO Ha HayaJIbHBIX JTaNax, B HATUBHBIX U
JICKOHCEPBUPOBAHHBIX KYJIBTYpax KIETOK JOCTATOYHO
HEKOTOPOTO TIOPOTOBOTO KOJIMYECTBA (PaKTOPOB ajire-
3UH, COJEPIKAIINXCS B CBIBOPOTKH KPOBHU. Bricokoe
coJiep)KaHle B Cpeie KyJIbTHBUPOBAHUS CHIBOPOTOU-
HBIX aHTUTEN U JJPYTHX BEICOKOMOJIEKYJISIPHBIX OCJIKOB,
HAIPOTHUB, TOPMO3UT HAYAJIBHBIE ATAIbBI PACIIIACTHI-
BaHUS KJIETOK Ha MOJJIOKKE.

Nsyuenue cxopoctu pacmiacteiBanus @Y nocne
KPUOKOHCEPBUPOBAHUSA TOKA3aJI0, YTO KOJIHYECTBO
BEpETEHOOOPA3HBIX KIETOK NPHU KYISTUBUPOBAHUH B
cpene, coaepxaiieit 10% 3C, B TeueHue 5 u mocne
M0CEBA OCTABAJIOCH OUEHb HU3KUM M COCTaBIISIIO 2,8—
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determined by the number of cells with a spindle shape,
typical for fibroblasts, was shown to have significant
differences in all the studied variants (Fig. 1).

In initial research terms (1.5 and 3 hrs) the number
of spindle-shaped cells during culturing in 10% ES-
containing medium exceeded in 9 and 1.5 times their
number in the medium with 2% ES. To the 5 hrs of
observation the process of cell flattening in the 2%
ES-containing medium significantly activated. The
number of spindle-shaped cells in the medium with 2%
ES exceeded in 1.5 times that in 10% medium. How-
ever 24 hrs after culture growth the number of spindle-
like cells in 10% ES-containing medium, was sta-
tistically and significantly higher, compared to the 2%
one.
FCB during adding into the medium with 10% ES,
caused a statically significant stimulating effect on a
number of spindle-like cells in respect to the control in
3,5and 24 hrs by 15.4; 18 and 13.6%, correspondingly.

The FCB effect, stimulating the HFs flattening,
when adding into the medium with 2% ES, manifested
in earlier terms after inoculation. The number of
spindle-like cells statistically and significantly exceeded
the control by 5.2, 20.2, 16.8 and 18.4% in 1.5, 3, 5
and 24 hrs of culture growth, correspondingly.

The Fig. 1 shows, that 3 hrs after culture growth
the HFs flattening under FCB adding in culturing media
is more manifested in the medium with 2% ES. The
number of spindle-like cells in this variant 5 hrs later
was 1.3 times higher, compared to FCB adding into
the medium with 10% ES. After 24 hrs of observation
no statistically significant differences between these
variants were established.

Actovegin effect on flattening rate of HFs culture
is similar to FCB, but the number of spindle-shaped
cells within the first hours of culture growth was
statistically and significantly lower. Stimulating effect
of Actovegin reached the FCB level only to 24 hrs of
culture growth.

Thus, a stimulating effect of FCB on the flattening
rate of HFs native culture is manifested even within
the first hours after inoculation. In 24 hrs of native
culture growth the number of spindle-like cells in the
samples with FCB adding into the culturing media,
containing 10 and 2% ES, exceeds the similar index in
the corresponding controls. Possibly, this is a feature
of accelerated reparation of insignificant cell damages,
occurring during reinoculation.

At the following research stage we studied the
cryopreservation effect on HFs culture flattening rate.
The flattening on a substrate of frozen-thawed cells
under their following culturing was established as
significantly slowed down (Fig. 2). If in a native culture
even 1.5 hrs after cell inoculation practically all the
attached cells, independently on ES content in culturing
medium, manifested the flattening signs (Fig. 1), after
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Puc. 2. [lunamuka pacmiacteiBanus KyasTypsl @Y nocne kprokorcepBuposanus npu qodasneann PKK u “AxroBernna”
B cpeny KynbTrBupoBanus B mpucyTcTBrr 10% OC (a) m 2% I3C (6) (n=5). O61ee KoIMIeCTBO pacIiIaCTaHHBIX KICTOK:
— KOHTpOJIb, O — 1ipu 1o6asiienuu “Axroseruna”, A —npu gobasiennu OKK. KonnuyecTBo BEPETEHOOOPA3HBIX KIIETOK:
@ xoutpons; M- npu noGasnenny “Akropernna”; A —npu no6asnernn GKK. *, *— pa3muus cTaTHCTHYECKH 10CTOBEPHE
quts BapuaHTa ¢ fodasieHneM ®KK u “AxroBernHa” 1o CpaBHEHHIO ¢ KOHTPOJIEM cOOTBeTCTBEHHO (p < 0,05).
Fig. 2. Dynamics of HFs culture flattening after cryopreservation when adding FCB and Actovegin into the culturing
medium in the presence of 10% ES (a) and 2% ES (b) (n=5). Total number of flattened cells: <> — the control, O0— under
Actovegin adding, A —under FCB adding. Number of spindle-shaped cells: 49— the control, Bl —under Actovegin adding,
A — under FCB adding. *, # — differences are statistically significant for the variant with FCB and Actovegin adding,

compared to the control, correspondingly (p<0.05).

5,8%. DTO CBUIETENBCTBYET O 3aMEIJICHHOCTH MPO-
LIECCOB PACILIACTHIBAHMS JIEKOHCEPBUPOBaHHBIX DY
B cpene, conepxkarieii 10% OC (puc. 2). B atu cpokn
HaOIIOIEHUS KOTMYEeCTBO BEPETEHOOOPA3HBIX KIIETOK
MIpH KYIBTUBUPOBaHNH B cpefie, coaepxaiei 2% IC,
OBLIO OCTOBEPHO BHIIIE, ueM B cpeze ¢ 10% OC: B
nepBsie 1,5 9 mocie moceBa oHO coctaBuio 13,4 +
1,1%, a k 5 u yBeauuuiock 10 37,4 £ 0,5%. K 24 ga-
caM KyJIbTHBUPOBAHHUS CUTYaIUsl K3MEHHJIACh: KOJIH-
YeCTBO BEPETCHOOOPA3HBIX KIIETOK B Cpesie, cojep-
xkaiert 10% OC, nocturno 71,2 + 1,5%, a B cpene ¢
2% 2C — 56,8 £ 0,9%.

[MomydeHHbIe pe3ynbTaThl TMHAMUKH PACILIACTHI-
BaHUs OY Ha MOATIOKKE CBUACTEIBCTBYIOT O TOM, UYTO
CBIBOPOTKA KPOBH B Cpe/ie KYJIbTUBUPOBAHUS Ba)KHA
JUTS TPOTEKAHHUH PETIapaTUBHBIX MPOIIECCOB B KIIETKAaX
ocIie KpUOKOHCEepBHpoBaHus. HecMoTpst Ha 00mIbIITy 0
CKOPOCTH paciiacTeiBaHust OU Ha HaYaIbHBIX 3Tanax
KYJIFTUBHPOBAHUA B cpene, comepxarmeit 2% IC, B
uTore OblIa MOJydyeHa MEHbIIas CTENeHb pacIuiac-
TaHHOCTH KJICTOK T10 CPABHEHUIO C KYIbTHBUPOBAHHEM
B cpene ¢ 10% 3C, 94T0 CBUIACTENHCTBYET O HENO-
CTaTKEe CHIBOPOTOYHBIX (PaKTOPOB aIre3uu.

O4eBHUIHO, YTO OTCYTCTBHE XapaKTCPHBIX MPH3-
HAaKOB PacIlIaCTHIBAHUS B TEUCHHUE IMTEPBBIX CYTOK MOC-
JIe TIOCeBa OTpaXkaeT PyHKIIMOHATBHBIC TIOBPESIKICHUS
KIIETOK, TIOJTy4YE€HHBIC B MPOIIECCE KPUOKOHCEPBHUPO-
BaHUs, KOTOPBIC HE ObLTH BBISIBICHBI IO MPUKU3HCH-
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cryopreservation this index in the media, containing 10
and 2% ES, made 45.2 + 1.8 and 56.6 + 2.8%, corres-
pondingly. Within the following observation terms (3
and 5 hrs after inoculation), the total number of flattened
cells during HFs culturing in the medium with 2% ES
was higher, than in the 10% ES-containing one. The
presented data testify to the fact, that the flattening of
frozen-thawed cells in early terms was more manifested
under HFs culturing in the medium, containing 2% ES.
However to 24 hrs of observation this index did not
statistically and significantly differ in both variants and
made 92.4-94.2%.

Possibly, for adhesive process proceeding, especial-
ly at initial stages, in native and frozen-thawed cell
cultures, it is sufficient a certain threshold number of
adhesive factors, contained in blood serum. High con-
tent in culturing medium of serum antibodies and other
high-molecular proteins, conversely, inhibits the initial
stages of cell flattening in a substrate.

Studying the rate of HFs flattening after cryopreser-
vation demonstrated a number of spindle-shaped cells
during culturing in the medium, containing 10% ES, as
remaining very low within 5 hrs after inoculation and
making 2.8-5.8%. This testifies to the deceleration of
frozen-thawed HF's flattening processes in the medium,
containing 10% ES (Fig. 2). Within these observation
terms the number of spindle-shaped cells under cultu-
ring in the medium, containing 2% ES, was statistically
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HOMY OKpAIIMBAaHHUIO U JaKe 110 KOJIMIECTBY IIPUKpE-
MUBIINXCSA K TOJITIOKKE KIIETOK.

HUccnenoBanue obmiero Koim4ecTsa pacmiacTaH-
HBIX KJIETOK B KyJbpType @Y nocie KpuoKoHCEpBHPO-
BaHwus (puc. 2) npu nodapnennu ®KK B cpeny, conep-
xkamryo 10% 9C, BeisaBuio, uro yepes 1,5 u mocne
II0CEBa 3TOT MOKa3arenb cocTtaBuil 54 + 1%, yTo Ha
8,8% BrillIe, ueM B koHTpoIe. [leiicTBue “AkToBeruHa’
JIOCTOBEPHO He oTiinuanock oT Aeiicteust PKK. Yepes
3 4 mocie mocesa 0011Iee KOMMYECTBO PacTiiIaCTaHHBIX
KJIETOK B cpene, conepxkameir 10% DC, ¢ nobdaie-
aneM OKK u “AkroBernna” cocrtaBmiio 81 = 1,4 u
78,4 +2,2% cOOTBETCTBEHHO, UTO IOCTOBEPHO OTJIH-
4aock oT KOHTpous. K 24 4 Ky THUBUPOBaHUS JOCTO-
BEPHBIX OTIMYMNA OT KOHTPOJIS B OOLIEM KOJHUYECTBE
pacriacTaHHBIX KieToK npu nobasinennn OKK u
“AxroBeruHa” B cpeny, conepxanryto 10% 9C, oOHa-
PYXEeHO He OBLJIO.

[Ipu no6asnennu ®KK B cpeny, conepxarntyro 2%
9C, 4gepes 1,5 4 mocie nmocesa o0Iee KOIMIESCTBO
pacIiacTaHHBIX KIETOK cocTaBmio 67,4 £ 1,4%, 9to
Ha 10,8% Gonpie, uem B KoHTpoOIIe, 1 Ha 13,4%, yem
B cpene ¢ 10% OC. Ilpu nobasnennn “AxTroBeruHa’”
3TOT TOKa3aTeib JO0CTOBEPHO MPEBBIMIAT KOHTPOIb,
HO OBUT OCTOBEpHO HUXE, ueM B cpeae ¢ PKK. Ye-
pe3 3 9 mociie moceBa 001Iee KOJIMIEeCTBO paciuiac-
TAHHBIX KJIETOK MPH AO0aBICHUH B CPedy KyJIbTH-
BHpoOBaHMs, conepxkamyto 2% 9C, kak ®KK, tak n
“AKTOBErMHA”, TAKXKeE 1OCTOBEPHO IPEBHIIIATIO0 KOHT-
pOJIb U JOCTOBEPHO HE OTIMYAIOCH OT 3TOTO IOKa-
3atens B cpene, coaepxameit 10% 3C. Bo Bcex
obOpasuax yepes 5 u 24 u kynsruBupoBanus U B cpeze
¢ 2% OC He 0bUI0 0OHAPYKEHO TOCTOBEPHBIX OTIIH-
Yl B 00IIEM KOJMYECTBE PACIUIACTAHHBIX KIIETOK.

N3yuenue crenenu pacmiactanHocty OY nox
prnusHueM OKK mnokazano (puc. 2), 4T0 KOTUIECTBO
BEpETEHOOOPA3HBIX KIETOK MPH €ro JO0OaBJICHUHU B
cpeny, conepxamtyio 10% OC, yBennuuBanock yepe3
1,5;3u5qB2,8;59 u 6,5 pa3 COOTBETCTBEHHO 10
CpaBHEHUIO ¢ KOHTposeM. Uepe3 24 4 KOIUYECTBO
BepeTeHo00pa3HbIX KieToK npu nodasiennun OKK B
cpeny, cogepxaiyto 10% 3C, cocraBuio 68 + 2,4%
U JOCTOBEPHO HE OTIAMYAIIOCH OT KOHTpOJs. [leiicTBue
“AxroBernHa” OBLIO aHAJOTHYHBIM.

Hobasnenne ®KK B cpeny KynbTUBUpOBaHHS,
conepxarryto 2% IC, mokaszaio, 94To yxe uepe3 1,5 a
KOJIMYECTBO BEPETEHOOOPA3HBIX KJIETOK COCTABHIIO
36,0 + 2%, uro B 2,7 u 2,0 pa3za GobIiie, 4€M B KOHT-
poJsie u pu qo06aBieHUH ‘‘AKTOBETHHA” COOTBETCT-
BeHHO. Uepes 3 1 5 4 KoIn4ecTBO BepeTeHOOOpa3HbIX
xierok npu godapnennu OKK B cpeny KyasTHBHPO-
BaHUs OBLITO JOCTOBEpHO BhImIE B 1,6 1 1,2 pa3za coot-
BETCTBEHHO, YEM B KOHTPOJIE, U IPEBBIIIANIO ICHCTBUE
“AxkroBeruna” B 1,1 u 1,3 paza. K 24 4y xonuuecTtBo
BepeTeHo00pa3HbIX KieTok npu godasinennu OKK n
“AxToBernHa” B cpeny KyabTHBHpoOBaHHA ¢ 2% OC
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and significantly higher, than in the one with 10% ES:
within the first 1.5 hrs after inoculation it made 13.4 +
1.1%, but to the 5 hrs increased to 37.4 + 0.5%. To
24 hrs of culturing the situation changed: the number
of spindle-shaped cells in the media, containing 10 and
2% ES achieved 71.2 £ 1.5 and 56.8 + 0.9%, corres-
pondingly.

The obtained results of HFs flattening dynamics
on a substrate testify to the fact, that the blood serum
in culturing medium is important for reparative process
proceeding in cells after cryopreservation. In spite of
ahigh rate of HFs flattening at initial stages of culturing
in the 2%-containing medium, there was finally obtained
a less degree of cell flattening, compared to the cul-
turing in the medium with 10% ES, testifying to a lack
in adhesive serum factors.

Obviously, the absence of flattening features within
the first days after inoculation reflects the functional
damages of cells, obtained under cryopreservation, not
revealed during supravital staining and even by the
number of cells, attached to a substrate.

Studying the total number of flattened cells in HFs
culture after cryopreservation (Fig. 2), when adding
FCB into the medium, containing 10%ES, demon-
strated, that 1.5 hrs after inoculation this index was
54 £ 1%, that was by 8.8% times higher, than in the
control. Actovegin effect remained statistically and
significantly unchanged, compared to FCB one. In 3
hrs after inoculation the total number of flattened cells
in the medium, containing 10% ES, with adding FCB
and Actovegin was 81 £ 1.4 and 78.4 + 2.2%, corres-
pondingly, that statistically and significantly differed
from the control. To the 24 hrs of culturing no statis-
tically significant differences from the control in a total
number of flattened cells under FCB and Actovegin
adding into the 10% ES-containing medium, were
revealed.

When adding FCB into the medium with 2% ES, in
1.5 hrs after inoculation the total number of flattened
cells was 67.4 £ 1.4%, that was by 10.8 and 13.4%
higher, compared to the control and the medium with
10% ES, correspondingly. Under Actovegin adding this
index statistically and significantly exceeded the control,
but remained statistically and significantly lower, than
in the medium with FCB. In 3 hrs after inoculation the
total number of flattened cells under the adding into
2% ES-containing culturing medium of both FCB and
Actovegin statistically and significantly exceeded the
control as well and remained statistically and signifi-
cantly unchanged from this index in the medium with
10% ES. In all the samples in 5 and 24 hrs after HFs
culturing with 2% ES no statistically significant
differences were found out in the total number of flat-
tened cells.

Studying the HFs flattening rate under FCB effect
demonstrated (Fig. 2) a number of spindle-shaped cells
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COCTaBHIIO COOTBETCTBEHHO 59,8 +0,9 1 60,6 + 0,8%,
YTO TOCTOBEPHO BBIIIE, YEM B KOHTPOJIE.

CrnenyeT OTMETHUTB, UTO B IEPBBIE 5 U pOCTa KyJIb-
TYpHl KOJIMYECTBO BEPETEHOOOPA3HBIX KIETOK MpPH
nobasnennn OKK B cpeny, comepxkamryto 2% OC,
OBLIO BBINIE, YeM MpH JoOaBieHuu B cpeny ¢ 10%
3C. OgHako yepe3 24 4 KOJIUYECTBO BEPETEHOOO-
pa3HBIX KJIETOK B cpexe ¢ 2% DC ObUI0 JOCTOBEPHO
HIKE TI0 CPABHEHHIO C MOKA3aTesIMU CTENEHH pac-
IJJACTAHHOCTH KJIETOK B cpene, comeprkarieit 10% 2OC,
KaK B KOHTpoUIe, Tak u ripu qodasnernn PKK u “Axro-
BeruHa”.

Takum 06pa3zomM, yCTaHOBIIEHO, YTO IPH KyJIBTHBHU-
pOBaHUU JUIUIOUAHON KynbTypbl DU nociie KpuoKoH-
cepBupoBanus KK okassiBaer aeiictBue, CTUMYIH-
pyrolLee MPOoLEeCChl KIETOYHON are3uu, KOTOpoe BbI-
PaXX€HO Ha HA4YaJbHOM J3Tale pocTa KyJIbTypHl B
nepssle 5 4. OrcyrcrBue BiusHusg KK npu ero no-
OaBiieHnU B cpexy, conepxkantyto 10% OC, Ha aare-
3UI0 KJIETOK 4epe3 24 9 pocTa KyJIbTyphl MOXKET
CBHJIETEIIbCTBOBATh O 3aBEPIICHUU IPOIECCa pac-
[IJIACTBIBAHUSA COXPAHMBIIUXCS MOCIE KPHOKOHCEP-
BHPOBAHHUSA KJIETOK.

[Tocne nzyueHus aare3sunl JUILIONIHON KyJIbTYPBI
@Y MbI uccaeaoBaiu JadbHEUIINM €€ poCT B cpeaax
¢ pa3nuaHbBIM coneprkarreM JC 10 U Mociie KPUOKOH-
CepBUPOBAHMUSL.

W3BecTHO, 4TO NOCIIE MAKCUMAIBHOTO PACILIACTHI-
BaHMA KJIETKU U GOPMHUPOBAHUS XapaKTEpHOH MOpdo-
JIOTMH Ha TIOJJIO’KKE OHA CTAHOBUTCS UyBCTBUTEIBLHON
K JIelicTBHIO MUTOT€HOB. CIIe10BATENIBHO, YBETMUCHHE
CKOPOCTH pacIUIacThIBaHUS KYJIBTYPBl NPUBOIUT K
Oosiee paHHEMY 3allyCKy B KJIETKaX MEXaHH3MOB
MIOATOTOBKH K JEJEHUIO W BCTYIUICHHUIO B MUTOTH-
yeckuil UK. Takxke panee Mbl ycTaHOBHIM, uTo KK
1 “AKTOBETHH”’ CTUMYJIHPYIOT MUTOTHYECKYIO aKTHB-
HOCTB KJIETOK [5, 16]. Takum 0bpazom, 3TH GaxToOpsI
MIPUBOJISIT K YBEJIMUCHUIO PO (EpaiK KYJIbTYPHI.

[TokazaHo, 4TO KOJTUYECTBO KJIETOK Ha 4-€ CyTKH
pocTa HaTUBHOH KyJbTypbl @Y npu KyJITUBUPOBAHUT
B cpene, conepxkaieit 2% 2C, cocraBuio 63,3%
OTHOCHTEJIBHO ATOTO MOKA3aTellsl MPH KyJIbTHBHPO-
Banuu B cpene ¢ 10% IC (puc. 3). Hobasnenne PKK
B cpely KyJIbTHBHpOBaHHMs, conepxkamyro 10% 3C,
MPUBOAMIIO K YBEIUUYCHHUIO KOJIMYECTBA KJIETOK B
HccleayeMble CPOKH OTHOCUTEIHHO KOHTPOIBHBIX
3Ha4eHUH Ha 78%, 4TO MPEBBIIACT JaHHBIA MOKa3a-
TeNb IpH 100aBIeHnH “AKTOBETHHA .

Hob6asnenne ®KK B pocToByto cpery, comepxa-
uryto 2% OC, CTUMYIIHPOBAIO MPUPOCT KIIETOK OTHO-
CUTEJIbHO KOHTPOJIs Ha 72,8%, a mobGaBjieHue “AKTO-
BEerMHa” B aHAJOTHYHOM KOHLEHTPALMH OKa3aJloCh
MeHee 3(p(HeKTUBHBIM 1 CTUMYIHUPOBAIIO IPUPOCT KIle-
TOK OTHOCHTEJIBHO KOHTPOIsS Ha 45,2%.

[To cpaBHEHMIO C POCTOM HATUBHOMU KYJIBTYPHBI KO-
mruectBo @Y nociie KpHOKOHCEPBUPOBAHHUS BO BCEX
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under its adding into the medium, containing 10% ES,
as increasing after 1.5, 3, and 5 hrs in 2.8, 5.9 and 6.5
times, correspondingly, compared to the control. After
24 hrs a number of spindle-like cells under FCB adding
into the medium with 10% ES was 68 + 2.4% and did
not statistically and significantly differ from the control.
Actovegin effect was similar.

FCB adding into the culturing medium, containing
2% ES, showed a number of spindle-like cells even in
1.5 hrs to make 36.0 £ 2%, being in 2.7 and 2.0 times
higher, than in the control and under Actovegin adding,
correspondingly. In 3 and 5 hrs the number of spindle-
shaped cells under FCB adding into culturing medium
was statistically and significantly higherin 1.6 and 1.2
times, correspondingly, if comparing to the control and
exceeded the Actovegin effect in 1.1 and 1.3 times.
To the 24 hrs the number of spindle-shaped cells under
FCB and Actovegin adding into the culturing medium
with 2% ES was 59.8 £ 0.9 and 60.6 + 0.8%, corres-
pondingly, being statistically and significantly higher,
than in the control.

Of note is the fact, that within the first 5 hrs of cul-
ture growth the number of spindle-like cells under FCB
adding into the medium with 2% ES, was higher, com-
pared to adding in 10% one. However in 24 hrs the
number of spindle-like cells in the medium with 2%
ES was statistically and significantly lower, compared
to the indices of cell flattening degree in that with 10%
ES, both in the control and under FCB and Actovegin
adding.

Thus, there was established, that under HFs diploid
culture culturing after cryopreservation, the FCB cau-
sed the effect, stimulating the cell adhesion processes,
manifested at an initial stage of culture growth within
the first 5 hrs. No FCB effect under its adding into the
medium with 10% ES on cell adhesion in 24 hrs of cul-
ture growth may testify to the completion of flattening
process of the cells, preserved after cryopreservation.

After studying the adhesion of HFs diploid culture
we investigated its further growth in the media with
different ES content prior to and after cryopreserva-
tion.

It is known, that after maximum cell flattening and
typical morphology formation on a substrate, it becomes
sensitive to mitogen effect. Consequently, an increased
rate in culture flattening results in earlier triggering in
cells of preparative mechanisms for fission and entry
into mitotic cycle. Previously we also established the
FCB and Actovegin as stimulating the cell mitotic
activity [5, 15]. Thus, these factors result in an in-
creased cell proliferation.

Cell number to the 4" day of HFs native culture
growth under culturing in the medium with 2% ES was
shown to make 63.3% in respect to this index under
culturing in that with 10% ES (Fig. 3). FCB adding
into culturing medium with 10% ES resulted in an
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Puc. 3. IIpupocT ki1eTok Ha 4-e CyTKH pocTa HATUBHOM KyJIb-
Typsl U npu nodasnennn PKK u “AxroBernna” B pocTo-
BYIO Cpely C pa3inyHoil KoHeHrpamnueit DC; * — pazmnuns
CTAQTUCTUYCCKHU IOCTOBEPHBI IO CPABHEHHIO C COOTBETCTBYIO-
M KoHTposieM (p < 0,05).

Fig. 3. Cell increase to the 4" day of HFs native culture
growth when adding FCB and Actovegin into the growth
medium with differently concentrated ES; * — differences
are statistically significant compared to the corresponding
control (p <0.05).

COOTBETCTBYIOIINX BapHaHTaxX CHIKEHO B 2—2,5 pa3a
(puc. 4). llpu no6asnennn OKK u “AxroBernna” B
Cpeny KylIbTHBUPOBAHNUS IEKOHCEPBUPOBAHHOMN KYJIBTY-
po1 @Y, copeprxanryio 10% DC, 10CTOBEpHO YBEITHIH-
BaJIOCh KOJIMYECTBO KIIETOK B MCCIEIyeMble CPOKHU
pocTa KyJIBTYpBl IO CPAaBHEHHUIO ¢ KOHTposieM. Komiu-
yecTBO KieTok npu nodasiaennn ®KK mpesbicuiio
KOHTpOIb Ha 43,4%, a pu qo0aBiIeHNH “AKTOBETH-
Ha” — Ha 29%. Ilpu xynsTuBupoBanuu ®OY B cpene,
conepxkaieit 2% 9C, KK u “AxToBerun’ 1ocToBep-
HO HE BIHUSUIA HA POCT KyJBTYpBHI.

Breisisniennsie otnuuus B neictBun @KK Ha npo-
nrepario HaTUBHOM U IEKOHCEPBUPOBAHHOH KYJIBTYP
IIPH UX KYJIETUBUPOBAHUH B CPEIE C TOHMKEHHOH KOH-
ueHtpanueit 3C TpeOyloT naiabHEHIero ueciaeno-
BaHUA. DTH TaHHBIE, BEPOSTHO, YKA3BIBAIOT HA IMTOBHI-
HIEHHYIO TTOTPEOHOCTh KIIETOK MOCIE KPHOKOHCEP-
BHUPOBaHMsI B CBIBOPOTOUHBIX (haKTOpax Jisi BOCCTa-
HOBJIEHHS ITOJTyYEHHBIX IOBpexkaAeHui. [Ipu nx Hepoc-
tarke ctuMyaupymoiee aeiicreue KK n “Akrose-
ruHA” HE MOXET OBITH peaTn30BaHO.

BbiBoAbDI

VYcranosneno crumynupytoiiee aeiicteue ®PKK Ha
a/ire3uBHBIE ¥ TPOJH(epaTuBHbBIE CBOMCTBA AUTLIOU/I-
HOM KynbTypsl OU.

[Tony4yenHsle naHHBIE CBUJIETEILCTBYIOT O TOM,
yto npu KynbTuBrpoBannn OY OKK okaswiBaet Oosee
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Puc. 4. [Ipupocr kiteTok Ha 4-e cyTKH pocTta KynbTypsl OY
nocJie KpruokoHcepupoBauust ripu godasneHun OKK u “Ax-
TOBETHMHA” B POCTOBYIO CPE/TYy C Pa3IMYHOM KOHIICHTpaIue
OC; * — pa3uyus CTATUCTHYECKH JOCTOBEPHBI 10 CPaBHE-
HUIO C COOTBETCTBYIOIINM KOHTpoeM (p < 0,05).

Fig. 4. Cell increase to the 4" day of HF culture after cryopre-
servation growth when adding FCB and Actovegin into
the growth medium with differently concentrated ES; * —
differences are statistically significant compared to the cor-
responding control (p < 0.05).

increase of cell number within the studied terms in
respect to the control values by 78%, that exceeded
this index for Actovegin.

FCB adding into the growth medium, containing 2%
ES, stimulated the cell surplus in respect to the control
by 72.8%, but Actovegin adding in the same concen-
tration occurred to be less efficient and stimulated the
cell surplus in respect to the control by 45.2%.

Comparing to the native culture growth, the HFs
number after cryopreservation in all corresponding
variants reduced in 2-2.5 times (Fig. 4). When adding
FCB and Actovegin in culturing medium of frozen-
thawed culture of HFs, containing 10% ES, there was
a statistically significant increase in cell number within
the studied terms of culture growth, compared to the
control. Cell number under FCB and Actovegin adding
exceeded the control by 43.4 and 29%, correspondingly.
During HFs culturing in the medium with 2% ES, the
FCB and Actovegin did not statistically and significantly
affect the culture growth.

The revealed differences in FCB action on the
proliferation of native and frozen-thawed cultures under
their culturing in the media with reduced ES
concentration need further investigations. These data
probably indicate to an increased cell need in serum
factors after cryopreservation to recover the obtained
damages. Under their lack a stimulating effect of FCB
and Actovegin can not be implemented.
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BBIpa)KEHHOE CTUMYIIHPYIOIIee JefCTBHE Ha CKOPOCTh
pacIuUIacThIBaHUS KJIETOK I10CJIE KPUOKOHCEPBUPO-
BaHUs, YeM B HATUBHOU KYJBTYypE.

[Ipu conocrtaBnennn nanueix o BausHuu OKK n
“AxTOBerMHa” HA PO (EpaIHiO HATUBHOW U JEKOH-
cepBUpOBaHHON KylnbTyp @Y BBIABIEHO, 4TO HOCIE
KPHUOKOHCEPBUPOBAHHS UX CTUMYIHUPYIOMINHN 3P PeKT
BBIPAKEH MEHEE, YEM B HATUBHOM KYJBTYpE.

YcranoBnenHoe ctumynupytouiee aeiicteue KK
Ha (QYHKIIMOHATIHHBIA METa00IM3M KIIETOK CITIOCOOCT-
BYET UX CKOpeilllleMy BOCCTaHOBJIEHUIO I10CJIE KPUO-
KOHCEPBHPOBAHUSA, UTO JIeJIAeT MPUMEHEHHNE KYJIbTH-
BupyeMbix @Y 6omee 23pEeKTUBHBIM C TOUKH 3PEHUS
KJIETOYHOM Tepanuu.

Asmopul evipasicatom drazodaprocmo c.H.c. MTTK u K
HAH Vkpauner Tonuapyk E. 1. 3a cooeticmeue 6 nianupo-
BAHUU IKCNEPUMEHINOB U 0OCYIHCOCHUU NOTYUEHHBIX PE3)Ilb-
mamoa.
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Conclusions

Stimulating effect of FCB on adhesive and prolifera-
tive properties of HFs diploid culture was established.

The data obtained testify to the fact, that under
HFs culturing the FCB causes a more pronounced sti-
mulating effect on cell flattening rate after cryopreser-
vation, compared to the native culture.

When comparing the data about FCB and Actovegin
effects on proliferation of native and frozen-thawed
HFs cultures, their stimulating effect after cryopreser-
vation was revealed to be less manifested, compared
to the native culture.

Revealed stimulating effect of FCB on cell functio-
nal metabolism contributes to their early recovery after
cryopreservation, making the application of cryopreser-
ved HFs more efficient from the point of view of cell
therapy.

The authors express gratitude to the senior research
fellow of the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences of
Ukraine Goncharuk E.I. for her assistance in experimental
planning and discussion of the results obtained.
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