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Isolation and Cryopreservation of Placental Cells: Search for Optimal
Biotechniques in Experimental and Regenerative Medicine

Pedrepar: Bucoka TepanesTnyHa eeKTUBHICTb KNITUH NNaueHTV MIOAMHM B KOPEKLii psgy naTonoriYHnx npoueciB 06rpyHToBye
NPOBEAEHHS MofasnblUMX AOKMNIHIYHMX AOCNIAXEeHb LOAO X BMKOPUCTAHHSA Y MiKyBaHHI iHLWMX CoLjanibHO 3HauvyliMx Ta manokypa-
6enbHNX 3axBoptoBaHb. Lle obymoBnioe HeoOXigHICTb BAOCKOHAaNEHHs MeToAiB OTPMMAaHHS, CTaHAaapTv3auii Ta 36epiraHHs KniTvH
NnaueHT ekcnepumeHTanbHMx TBapuH. KmiTuHW BMAINSANMY 3 nnaueHT LWypiB Ta MULLEN Pi3HUMK (DepMEHTATUBHMMU MeToAaMmn Ta MeTo-
[OM i3 3acTOCyBaHHSAM eKcnnaHTiB. KniTvHW KpiokoHcepByBanu Mif 3axuctoMm AvmeTtuncynbdokenagy y cepeposuili DMEM metogom
[ABOETanHOro 3amopoxysaHHsA. OUiHIOBaNMM KinbkicTb, MOPAOMOriYHi, KynbTyparbHi, MeTaboniyHi xapakTepUCTUKW KIITUH MIiCns OTPUMaHHS
Ta 36epiraHHs. MakcumanbHy KinbKiCTb XUTTE3AATHMX KNITUH i3 NaLeHT MuLen Ta wypiB Byno oTpymMaHo 3a JOMOMOro MeTofy EKCMaHTiB
Ta METOAVIK i3 BUKOpUCTaHHAM TpuncuHy Ta ETA. BctaHoBneHo, Lo 36epexeHicTb AeKOHCEePBOBAHNX KITITUH NMALEHT LypiB 3a METOAOM
BUKITIOYEHHS B6apBHMKa ctaHoBUTBL (92,3 + 1,6)%, 3a agreavBHum Tectom — (81,3 + 5,8)%, Ansa kNiTMH nnaueHT muwen — (86,7 + 3,7) Ta
(79,2 + 8,1)% BignosigHo. OTpumaHi pesynbratv [O3BONWUAN BU3HAYMTU eeKTUBHI BioTeXHOMOrii OTPMMAaHHS KPIOKOHCEPBOBAHMUX
nnaueHTapHUX KNiTUH LLYPIB | MULLIEN AN NPOBeAEeHHS AOKMiHIYHNX JoCHiMKeHb iX BionoriyHoi Aii B Mogensax ano- i aytoTpaHcnnaHTauii.

KntouyoBi cnoBa: nnaueHTa, BUAINEHHS KNiTWH, EKCNNaHTK, KynbTypa KNiTWH, KPIOKOHCEPBYBaHHS, MULLI, LLYPW.

Abstract: A high efficacy of placental cells application necessitates their investigation. Preclinical studies require an improvement
of the methods for obtaining, standardizing and storage of placental cells of experimental animals. Cells were isolated from rats and
mice placentas by means of different enzymatic methods and the one of explants. Cells were cryopreserved with DMSO in DMEM
using two-stage freezing. The number, morphological, cultural, metabolic features of cells were studied after isolation and storage. The
maximum number of viable cells from the placentas of mice and rats was found to be obtained using the explant method or trypsin
with ETDA. Cell cultures from mice and rats placentas after the third passage had stable morphofunctional characteristics. Viability
of warmed rat placental cells according to dye exclusion was (92.3 £+ 1.6)%, according to the adhesive test this was (81.3 = 5.8)%.
For mice placental cells, these values were (86.7 + 3.7)% and (79.2 + 8.1)%, correspondingly. The research results enabled the determi-
ning of effective biotechniques for obtaining the cryopreserved placental cells of rats and mice to perform preclinical studies of their biolo-
gical effect in models of allo- and autotransplantations.

Key words: placenta, cell isolation, explants, cell culture, cryopreservation, mice, rats.

[Inamenra — nepcrneKTUBHE HKEPENO OTPUMAaHHS
KJIITHH, 30KpeMa NPOreHiTOPHHUX, CTOBOYPOBHUX, iMy-
HOKOMIIETEHTHHX, TOPMOHOITPOIYKYIOUUX TOIIO, IS
BHUKOPHCTaHHS B pereHepaTHBHIA MeaunuHi [4, 8, 9,
11, 18, 19]. HdoHamis 1uianeHT € 0e3IeYyHOK, BOHA
HE IOB’s13aHa 3 eTMYHUMH MpoOIeMaMH Ta 3a0e31e-
4yye 3HAYHY KUIBKICTB allo- Ta ayToMarepiany [5-7,
17]. ExcrnepuMeHTanbHO AOBEACHO TEPANEBTUUHY
e(eKTUBHICTD TMOXiJHUX IUIAICHTH JIIOMUHU B PEIpo-
JIYKTOJIOTii, JTIKyBaHHI HEBPOJIOTTYHMX, €HJIOKPHHHIX,
" Biggin kpiobionorii cuctemn penpopykuii, IHCTUTYT npobnem kpiobio-
norii i kpiomeauumin HAH Ykpainn, Xapkis
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The placenta is a promising source of cells,
including progenitor, stem, immunocompetent, hor-
mone-producingones, etc., to be used in regene-
rative medicine [2, 6, 7, 9, 18, 19]. Placental
donation is safe, unrelated to ethical issues,
and provides a significant amount of allo- and
autological cells [3-5, 17]. Therapeutic efficiency
of human placental derivatives in reproductive
medicine, treatment of neurological, endocrine,
cardiovascular and oncological diseases has been
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CEpLEBO-CYIMHHUX Ta OHKOJOTIYHHX 3aXBOPIOBAHb
[1, 2, 15, 16, 19, 20], 0 OOTrpyHTOBYE MPOBEICH-
HSl TIOZANbLIMX JOKJIHIYHUX JOCHIPKEHb LIO0M0
3aCTOCYBaHHS IUTAIICHTAPHUX KIITHH Yy JiKyBaHHI
IHIIMX COIIalIbHO 3HAYYNIUX Ta MAaJOKypadeThbHHUX
3axBOproBaHb. Ha crazmii AOKIiHIYHEX BUTIPOOY-
BaHb BHKOPHCTOBYIOTHCS KIITHHH IUIALIEHTH JIFOIH-
HH, O (HAKTHYHO BIATBOPIOE MOIETH KCEHOTPAH-
crutagTamnii. [Ipore y KIiHIYHIA TPAKTHIN KIITHHH
TUTAIEHTH JIIOMUHK  TIepeI0adeH0 BUKOPHCTOBYBaA-
TH B allo- Ta ayTOCHUCTEMaXx, 0 00yMOBIIOE HE0O-
XIJIHICTh TIPOBEJCHHS BIAMOBIAHUX JOKJIIHIYHUX
JOCHIDKEeHb Ta Bepudikaiii 6iobe3neku i morpedye
HasBHOCTI €(QEKTUBHUX OI10TEXHOJOTIH OTpHUMaHHS
KpPIOKOHCEPBOBAHMX TUIAIICHTAPHUX KIIITHH EKCIIe-
PUMEHTaJILHUX TBAPHH.

VY 3B’S3Ky 3 BHIIEBHKIAJACHUM METOIO JAaHOTO
JOCHIKEHHsT Oy IMOIIYK 1 BU3HAYCHHS! €(EKTUB-
HUX METOJIB BUJUICHHS 3 IJIAIICHT JAa0OPaTOPHHUX
TBapHH KJIITHH JUISl KPIOKOHCEPBYBAaHHS, HU3bKOTEM-
MepaTrypHOro 30epiraHHs 1 TOAANBIIOr0 EKCIepH-
MEHTAJIbHOTO BUKOPUCTAHHS B MOZICIISIX aJI0- Ta ayTO-
TpaHCIUTaHTAIlil.

Marepiaau Ta MeTOIH

ExcriepuMeHTH TPOBOAVIIN BiAMOBITHO 10 3aKOHY
Vkpainu «I1po 3axuct TBapHH Bifl JKOPCTKOTO MTOBOJI-
xeHHs» (Ne 3447-1V Bin 21.02.2006 p.) i3 noTpumMaH-
HSIM BUMOT KOMITeTy 3 OioeTuku [HCTHTYTY TpoOieM
kpioGioorii i kpiomenuian HAH VYkpainu, y3roj-
KCHHX 13 TIOJIOKEHHSIM «EBPOIEHChKOi KOHBEHINT 3
3aXUCTy XPeOETHUX TBApUH, SIKi BUKOPUCTOBYIOTHCS
B ©KCIIEPUMEHTAIbHUX Ta IHIIUX HAYKOBHUX ITLISIX)
(CrpacOypr, 1986).

JocmimpkeHHss mpoBoAWiIM Ha 63 TUIaneHTrax 6-
MicsyHEX mIypiB miHil Bicrap Ta 180 mumamenTax
6-Micstaamnx mumeit niHii BALB/c. [1nanentu otpu-
myBasi Ha 20-# news rectamii. Kimituan mnanenTn
3a3BHYail BUIUIAIOTH (DePMEHTATHBHUM METOIOM [3—
5, 7, 10] Ta MeTomOM 3 BUKOPHUCTAHHSM CKCIUIAHTIB
[6, 9, 12, 18]. ¥ 1mpoMy AOCHIMKCHHI TETEPOTCH-
Hy TOMYNALI0 KIITHH OTPUMYBAJIH 3 BOPCHH Ija-
LEHT BHUIIEBKa3aHUMH METOJAMH 13 3aCTOCyBaH-
HsaM 1 mr/mn komareHasu tumy A; 0,25% Tpuricuny;
0,25% tpuncuny Ta 0,1 mr/mi JIHKa3wu; 0,2 /1 EJITA
0e3 tpuncuny; 0,25% tpuncuny 3 0,2 v/n EJTA
Ta MeToAy eKciuianTiB. OTpuMaHy KIITHHHY Cy-
CIICH31I0 KpiOKOHCEpBYBaiH 3 AoxaBanHsM 10% mu-
METWICYTb(QOKCUAY B CEPEIOBHUIIC KYyJIbTUBYBaHHS
Ta 0XoJomKkeHHAM 31 mBuakicTio 1 °C/xB no —80°C
1 MOJAJIBIIMM 3aHypPEHHsIM y pigkuil azor [13]. Kii-
TUHHY CYCIICH31F0 pO3MOPOXKYBAJIHM Ha BOJSHIN OaHi
ipu Temneparypi 40°C.

EdextuBHiCTh METONIB BUAINICHHS KIITHH i3 TUTa-
IIEHT BU3HAYaJIW 3a KUIBKICTIO OTPUMaHUX KIIITHH,
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experimentally proven [13-16, 19, 20], that justifies
further preclinical studies, use of placental cells
for treatment of other socially significant and incu-
rable diseases., Human placental cells are used At
the stage of preclinical trials human placental cells
are used, that actually reproduces the model of
xenotransplantation. However, in clinical practice,
human placental cells are intended to be used in
allo- and autosystems, which necessitates appro-
priate preclinical studies and verification of bio-
safety and requires the availability of effective
biotechnologies for cryopreserved placental cells of
experimental animals.

In this regard, the aim of this study was to search
for and determine the effective methods of cell
isolation from the placentas of laboratory animals
for cryopreservation, low-temperature storage and
subsequent experimental use in allo- and autotrans-
plantation models.

Materials and methods

The experiments were performed in accordance
with the Law of Ukraine ‘On Protection of Animals
Against Cruel Treatment’ (Ne 3447-1V of February
21%, 2006) in compliance with the requirements
of the Bioethics Committee of the Institute for
Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine, con-
sistent with the European Convention on Vertebrate
Animals used for experimental and other scientific
purposes (Strasbourg, 1986).

The studies were performed in 63 placentas of
6-month-old Wistar rats and 180 placentas of 6-month-
old BALB/c mice. Placentas were obtained on
day 20 of gestation. Placental cells are usually
isolated by the enzymatic method [1-3, 5, 8] and
by the explant one [4, 7, 10, 18]. In this study, a
heterogeneous cell population was obtained from
placental villi by the above methods using 1 mg/ml
collagenase type A; 0.25% trypsin; 0.25% trypsin
and 0.1 mg/ml DNase; 0.2 g/l EDTA without tryp-
sin; 0.25% trypsin with 0.2 g/l EDTA and the
explant method. The resulted cell suspension was
cryopreserved by adding 10% dimethyl sulfoxide
to the culture medium and cooling at a rate of
1°C/min to —80°C with subsequent immersion into
liquid nitrogen [11]. The cell suspension was thawed
in a water bath at 40°C.

The effectiveness of methods for isolating cells
from the placenta was determined by the num-
ber of cells obtained, percentage of living cells
(trypan blue exclusion method), indices of viability
and functional activity (evaluation of cell adhesion
properties, metabolic activity on MTT test, resazurin
reduction and the one of glucose uptake by cells
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Fig. 1. Number (A) and viability (B) of placental cells of mice (o) and rats (m) isolated using collagenase
type A (1), trypsin (2), trypsin and DNase (3), EDTA (4), trypsin with EDTA (5) and method of explants (6).

BiJICOTKOM KMBHUX KIITHH (METOJ BHKIIFOYCHHS
TPUIIAHOBOTO CHHBLOTO), TOKA3HUKAMU IHKUTTE3/AT-
HOCTI Ta ()YHKIIIOHAJIBHOT aKTUBHOCTI (OIliHKA ajre3-
MBHHMX BJIACTHBOCTEH KIIITHH, aKTMBHOCTI MeTalo-
nmismy 3a maaumMu MTT-tecty, TecTy BiTHOBICHHS
pe3a3ypuHy Ta TECTy NMOIIMHAHHS KIITHHAMH TIIIO-
KO3H 3 cepenoBuia KyasruByBanus) [1, 13]. Jocmin-
JKCHHSI TUIAIICHTAPHUX KINTHH TPOBOAWIM Oe€3I0-
CEepe/IHBO MICHs X OTPUMaHHSI, B TIPOLIECi KyJIBTHBY-
BaHHS Ta IiCJIsI PO3MOPOKYBaHHS.

st cratucTiaHOi 0OpOOKY pe3ynnbTaTiB BUKOPHC-
toByBaiu U-kputepii ManHa-YiTHI Ta KpuTepiit
Kpackena-Yonica. 3HaqymuMu BBaXKaIH BiIMIHHOCTI
mpu p < 0,05.

Pe3ysbTaTn T2 00rOBOpEeHHS

Pesynpratm  mpoBeneHMX ~ JOCHiKEHb  TOKa-
3aly, MO0 HAWOUIBITY KITBKICTh KITHH i3 IIa-
IIEHT IIypiB Ta MUIICH MOXXHA OTPUMATH KYIbTY-
paTbHUM METOAOM 13 BHUKOPHUCTAHHSM EKCIIAHTIB
1 MeTomamMu (hepMEHTATHBHOI Je3arperairii 3a J011o-
moroto Tpuncuny 3 ETJIA gum xomarenasm (puc. 1,
A). Po3Mmip KIIITHH, BHIUJICHUX 13 IUIANEHT MUIICH
Ta IIypiB, HE3aJIEKHO BiJl BHKOPUCTOBYBAHOTO METO-
ny craHoBuB (23,36 + 2,33) ta (18,26 + 1,81) Mxm
BIJIMOBI/THO, 110 OOYMOBJICHO BHUOCIHEIU(IYHICTIO.
MakcuMalbHUNA BIJCOTOK JKATTE3JATHUX KIITHH
OTPUMAHO METOJIOM €KCILIAHTIB, MiHIMAIIbHUI — BH-
JIJICHHSIM 3a JIOMIOMOror0 Komarenasu (puc. 1, B).
Hamri nmani mom0 e()eKTUBHOCTI METOJIB BUIICHHS
KIIITUH 13 TUTALEHT IIypiB 1 MUMIEH y3rOIKYIOTHCS
3 JTepaTypHUMH, BIJHOCHO METOJUK OTPHUMAaHHS
KJIITHH 3 IDIANeHTH Jroauuu [7, 9]. Tak, BHOIICHHS
KJITHH 13 IUIANEHTH JOAMHN METOIOM EKCIUIAHTIB €

from the culture medium) [11, 13]. Studies of
placental cells were performed immediately after
their obtaining, during cultivation and after tha-
wing.

Mann-Whitney U-test and Kruskal-Wallis test
were used for statistical processing of the results.
Significant differences were considered at p < 0.05.

Results and discussion

The findings demonstrated that the largest num-
ber of cells from the placentas of rats and mice
can be obtained by explants and enzymatic disag-
gregation by trypsin with ETDA or collagenase
(Fig. 1A). The size of cells isolated from the mice
and rats placentas, regardless of the method used
was (23.36 + 2.33) and (18.26 £ 1.81) um, respec-
tively, due to their species specificity. The maxi-
mum percentage of viable cells was obtained by
the explant culture, the minimum was done by se-
lection with collagenase (Fig. 1B). Our data on the
effectiveness of methods for to isolate the cells from
the placenta of rats and mice are consistent with the
published reports on the methods of obtaining cells
from human placenta [5, 7]. Thus, the isolation of
cells from the human placenta by the explant culture
is more effective than enzymatic methods, due to
the likely negative effect of enzymes, primarily
collagenase, on the integrity of cell membranes. The
percentage of living cells according to the trypan
blue exclusion test was significantly higher than
those on the results of adhesive test. The last test
characterizes the viability, functional activity of cells,
so we consider it prognostically more important for
assessing the preservation rate of the obtained cells.
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Ol e(heKTUBHUM MOPIBHAHO 3 (PepMEHTATHUBHUMH
METOJIaMH, IO TOSICHIOETHCS BIPOTiIHUM HETaTHB-
HUM BIUTUBOM (PEPMEHTIB, B IIEpIy Yepry KojarcHa-
3W, Ha [UTICHICTh MEMOpaH KIITHH. BiIcOTOK KHBHUX
KIIITHH 32 JAaHUMH TECTY BHUKJIIOUCHHS TPUIIAHOBOIO
CUHBOTO OyB 3HAYHO BUINWM, HIX 32 Pe3ylbTaraMu
aaresuBHOTO TecTy. OcTaHHIN TecT XapaKTepu3ye
KUTTE3ATHICTh, (DYHKIIOHAIBHY aKTUBHICTH KIIITHH,
TOMY BBa)Ka€EMO HOTO HPOTHOCTUYHO OLITBII Baro-
MUM JIJIs1 OLIIHKH 30€peKEHOCTI OTPUMAaHUX KITITHH.
Ha migcraBi HaBeeHUX Pe3yNbTaTBl JOCIIKEHb
y MOAANBINiA POOOTI MM BUKOPUCTOBYBAIU KYJIBTY-
pY KIITHH IJIallEHTH MHIICH Ta IMypiB, OTpUMaHi

Based on the research results, the mice and
rats placental cells cultures obtained from explants
and enzymatic method using trypsin and EDTA
were used in the further investigations, as much less
viable cells can be isolated by other methods. The
study under culture revealed that after reseeding
in 1:2 ratio of the rat placental cells restore
the confluent monolayer for 3—4 days, in contrast
to the culture of placental cells of mice, which re-
store the monolayer on days 4-5. In the 3™ passage,
the cultures acquire morphofunctional homoge-
neity: almost all cells are fibroblast-like and acti-
vely divide (Fig. 2). The obtained results indicate

(b

Puc. 2. KynsTypu KNiTUH, OTpUMaHi METOAOM eKCriaHTIB i3 nnaueHT: A, B — muwi, C, D — uiypa. MNepBuHHa KynbTypa —

A, C; 3-n nacax — B, D.

Fig. 2. Cell cultures obtained by the method of explants from the placenta: A, B — mice, C, D — rats. Primary culture —

A, C; 39 passage — B, D.

METOZIOM eKCIUIAaHTIB Ta (pepMEHTAaTUBHIUM METOJOM
i3 3acrocyBaHHsM Tpunicuny i EJITA, ockinbku 3a
JIOTIOMOTOI0 1HIIIMX METOJiB MOXXHA BHJIUIUTH 3HA4-
HO MEHIIY KUIBKICTh XUTTE3MATHUX KIITHH. [lociia-
JKEHHSI B yMOBaX KyJIbTUBYBAHHS BHSBHUIIO, IIO MiCIIs
[epeciBy y CHIBBIAHOIICHHI 1:2 KJIITHHU ILIAICHT
LIypiB BiJIHOBIIOIOTH KOH(IIOGHTHUH MOHOIIAP
npotsrom 3—4-x 1i0 Ha BiAMIHY BiJ KylbTypH KIli-
TUH IUTAIICHTH MUIICH, SIKI BiIHOBIIIOIOTH MOHOIIAP
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a high proliferative activity and plasticity of pla-
cental cells of rats and mice, which coincides with
the corresponding properties of cells isolated
from human placentas [5, 17].

A study of the functional characteristics of
cells isolated from the placentas of mice and rats
using the MTT test and resazurin reduction test
showed that the metabolic activity of primary cul-
ture cells increases from the 1% to the 2" passage

85




Ha 4-5-Ty no0y. Y 3-Mmy macaxi KyibsTypu HaOy-
BaroTb MOp(ho(yHKIIOHATHHOT OAHOPIAHOCTI: MpaK-
TUYHO BCi KiiTHHH € ¢iOpobracTonomiOHUMu Ta
aKTHBHO OinsThes (puc. 2). OTpuMaHi pe3ynbraTv
CBiJJ4aTh MPO BHUCOKY MporidepaTuBHy aKTUBHICTh
1 TTACTUYHICTH TUTALIEHTApHUX KJITHH IIypiB 1 MH-
IIEeH, 110 CcHiBHAga€ 3 BIAMOBIIHMUMHU BJIACTHBOC-
TSMH KIIITHH, BUIUICHAUX 13 THIAIECHT JIIoauHu [7, 17].

Hocmimkenas (yHKITIOHATBHIX XapaKTEPHUCTHK
KJIITHH, BUIUICHUX 13 IDIAICHT MUIICH Ta IIypiB,
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and remains almost the same after the 3™ one
(Fig. 3).

The rate of glucose uptake by cells from the
culture medium varies slightly, which may be
due to both the low sensitivity of the method
and the peculiarities of the functioning of pla-
cental cells in the selected model in vitro.

The results of cryopreservation showed that
the number of rats’ placental cells isolated by ex-
plants, after thawing, probably does not decrease,

0,4
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Puc. 3. MeTtaboniyHa akTMBHICTb KNiTUH NnaueHTn muwein (A) Ta wypis (B) 3a gaHnmu MTT-TecTy: O — KNiTUHKU, BUAINEHI
3 3acTocyBaHHAM TpuncuHy 3 EATA; m — KNiTUHW, BUAINEHI METOAOM €KCMMaHTIB. * — BiAMIHHOCTI 3Ha4yLLi BiAHOCHO KNiTWH
1-ro nacaxy (p < 0,05).

Fig. 3. Metabolic activity of placental cells of mice (A) and rats (B) according to MTT test: o — cells isolated using trypsin

from EDTA; m — cells isolated by explants. * — differences are relative to the 1st passage cells (p < 0.05).

3a momomMoroto MTT-tecty Ta TecTy BiTHOBICHHS
pe3a3ypuHy ToKa3ajiH, 0 METa0oIiYHa aKTUBHICTh
KJIITHH TIEPBUHHOI KyJIBTYpH TIIABHUILYETHCS BiJl
1-10 2-ro macaxy Ta 3aJIHUIIA€THCI MPAKTHYHO HA Ta-
KOMY CaMOMY PiBHI miciis 3-ro nacaxy (puc. 3).
[Toka3HMK MOTTMHAHHS TJIIOKO3H KIIITHHAMU 3 Ce-
PEIOBUINA KYJIBTUBYBAaHHS 3MIHIOETHCS HE3HAYHO,
110 MOJKe OyTH MOB’sI3aHe SIK 13 HU3bKOIO Yy TJIUBICTIO
METOIy, TaK 1 3 OCOOJMBOCTAMH (YHKIIOHYBAHHS
KJIITHH TUTAIICHTH B 00paHiit Mmoseni in vitro.
Pesynbrati KpioKOHCEpBYBaHHS JIOBEIH, IO KiJlb-
KICTh KIIITMH IUIALEHT IypiB, BUILICHUX METOJOM
KyJIBTHBYBaHHS €KCIUIAHTIB, TMICIISI PO3MOPOKYBAHHS
BipOTiZTHO HE 3MEHIIYETHCS, a 30€PEIKEHICTh KIIITHH,
BCTaHOBJICHA 33 METOJIOM BHKJIFOYCHHS TPUIIAHOBOTO
CHUHBOTO, CTaHOBHUTH (92,3 £ 1,6)%, 3a anre3uBHUM
tectoM — (81,3 £ 5,8)%. Jnsg KIMITHH MIAneHT Mu-
med I TOKa3HWKHW JOpiBHIOIOTH (86,7 + 3,7) Ta
(79,2 £ 8,1)% BigmoBimHo. MeTtabomiuHa aKTHB-
HICTh HE3HAUHO MiABUIIYETHCSA HA 1-m1y MO0y Micist

and the preservation of cells, established by the
method of trypan blue, is (92.3 + 1.6)%, by adhesive
test — (81, 3 + 5.8)%. For mouse placental cells,
these values are (86.7 + 3.7) and (79.2 + 8.1)%,
respectively. Metabolic activity slightly increases
on the 1* day after warming and decreases to cont-
rol values on day 3.

These data illustrate a high morphofunctio-
nal preservation of mice and rats placental cells.
Thus, the selected methods of isolation and cryo-
preservation of placental cells of experimental
animals constitute an effective biotechnology for
their production for appropriate preclinical stu-
dies.

Conclusions

The largest number of viable cells from the
placentas of mice and rats can be isolated by
means of enzymatic method using trypsin with
ETDA and the one of explants. Stable morpholo-
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JEKOHCEPBYBAaHHS Ta 3HMKYETHCS A0 KOHTPOJIBHUX
MMOKa3HUKIB Ha 3-Tr0 J100Yy.

HaBeneni nmaHi cBim4aTth PO BHCOKY MOpPQO-
(hyHKITIOHATBHY 30epeKEHICTh IUTAlEHTAPHUX KITITHH
Mumiei i1 mypiB. Takum uymHOM, 0OpaHi MeTOomn
BUJIJICHHS Ta KPIOKOHCEPBYBAaHHS IUIAICHTAPHUX
KIITHH CeKCIIEPUMEHTAIbHUX TBapWUH CKIIAJAI0Th
e(hekTHBHY O10TEXHOJIOTII0 OTPUMAHHS IS TPOBE-
JIEHHS BIAMOBIIHUX TOKJIIHIYHUX JTOCIIDKEHD.

BucHoBkn

Haii0Oinpima KigbKICTh JKUTTE3NATHUX KIITHH 13
IUIAIIGHT MHMIICH Ta IMypiB MOXe OyTH BHIIICHA
(bepMEHTATMBHMM METOJIOM 13 BUKOPHCTAHHSIM
tpunicuny 3 ETJIA Ta MeTronoM KyJabTHBYBaHHS
excrianTiB. CrabinpHUX MOp(ONOriyHMX 1 MeTa-
OOJIITYHMX XapaKTEPUCTHK KYJAbTYPH KIITHH i3 IJia-
LEHT MUILICH Ta IIypiB HaOyBalOTh Ha 3-My Hacaxi.
KpiokoHcepByBaHHS KIIITHH IJIALIEHTH IiJ] 3aXUCTOM
10% npumetnicynbpoKcHIy B CEpEeIOBUINI KyJIbTH-
BYBaHHS METOIOM JBOCTAIIHOIO 3aMOPOXKYBaHHS
no3Boisie 3a0e3neuntu 30epexeHicTb Ounbiie 80%,
L0 JIOCTAaTHbO [yl BUKOPUCTAHHS B EKCIEPUMEH-
TaJbHIA MEOULMHI 3 METOK BU3HAYEHHs O10Joriu-
HO1 #ii, Bepudikarlii 6i006e3meKn Ta TepareBTHIHOT
e(DEeKTHUBHOCTI B ayTO- Ta aJIOCUCTEMAX.

NMiTepatypa

1. Mpokontok BKO. Bnnue cepenoBuLy, KOHAULINOBAHUX KPIOKOH-
CepBOBaHMMM Ta CBIKOBWAINEHUMMN eKCnnaHTaMu Ta KnitTuHa-
MW MNaueHTW, Ha OPraHOTWMOBI KyNbTYpWM MaToK Ta SIEYHUKIB
muwen. Mpobnemu kpiobionorii i kpiomeanumHn. 2018;28(2):
139-50.

2. Mpokontok OC, Mpokomtok BIO, Maciewsini HM, Ta iH. ImnnaHTa-
LisiKpiOKOHCEPBOBaHNX hparMeHTiB NnaueHTn NaUHN BiQHOB-
Ntoe NPOOKCUAAHTHO-aHTUOKCUAAHTHMI BanaHe y ekcneprMeH-
TarnbHUXTBapWH Mi3HLOro OHTOreHesy. [Mpobnemu kpiobionorii
i kpiomeguumHun. 2017;27(1):61-70.

3. Araujo AB, Furlan JM, Salton GD, et al. Isolation of human
mesenchymal stem cells from amnion, chorion, placental
decidua and umbilical cord: comparison of four enzymatic
protocols. Biotechnol Lett. 2018;40(6):989-98.

4. Beeravolu N, McKee C, Alamri A, et al. Isolation and cha-
racterization of mesenchymal stromal cells from human um-
bilical cord and fetal placenta. J Vis Exp [Internet]. 2017 Apr
3 [cited 2019 Dec 10];(122):55224. Available from: https:/
www.jove.com/pdf/55224/jove-protocol-55224-isolation-
characterization-mesenchymal-stromal-cells-from-human.

5. Choi YS, Park YB, Ha CW, et al. Different characteristics of
mesenchymal stem cells isolated from different layers of full
term placenta. PLoS ONE [Internet]. 2017 Feb 22 [cited 2019
Dec 10];12(2):e0172642. Available from: https://journals.plos.
org/plosone/article?id=10.1371/journal.pone.0172642.

6. Huang Q, Yang Y, Luo C, et al. An efficient protocol to generate
placental chorionic plate-derived mesenchymal stem cells with
superior proliferative and immunomodulatory properties. Stem
Cell Res Ther. 2019;10:301-16.
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gical and metabolic characteristics of the pla-
cental cell culture of mice and rats are acquired
on the 3™ passage. Cryopreservation of placental
cells with 10% dimethyl sulfoxide in the culture
medium by two-stage freezing allows the preserva-
tion of more than 80%, that is sufficient to be used
in experimental medicine to determine biological
action, verify biosafety and therapeutic efficiency
in auto- and allosystems.

References

1. Araujo AB, Furlan JM, Salton GD, et al. Isolation of human
mesenchymal stem cells from amnion, chorion, placental
decidua and umbilical cord: comparison of four enzymatic
protocols. Biotechnol Lett. 2018;40(6):989-98.

2. Beeravolu N, McKee C, Alamri A, et al. Isolation and cha-
acterization of mesenchymal stromal cells from human umbilical
cord and fetal placenta. J Vis Exp [Internet]. 2017 Apr 3 [cited
2019 Dec 10];(122):55224. Available from: https://www.jove.
com/pdf/55224/jove-protocol-55224-isolation-characterization-
mesenchymal-stromal-cells-from-human.

3. Choi YS, Park YB, Ha CW, et al. Different characteristics of
mesenchymal stem cells isolated from different layers of full
term placenta. PLoS ONE [Internet]. 2017 Feb 22 [cited 2019
Dec 10];12(2):e0172642. Available from: https://journals.plos.
org/plosone/article?id=10.1371/journal.pone.0172642.

4. Huang Q, Yang Y, Luo C, et al. An efficient protocol to generate
placental chorionic plate-derived mesenchymal stem cells with
superior proliferative and immunomodulatory properties. Stem
Cell Res Ther. 2019;10:301-16.

5. James JL, Hurley DG, Gamage TKJB, et al. Isolation and
characterization of a novel trophoblast side-population from first
trimester placenta. Reproduction. 2015;150(5):449-62.

6. Kozub MM, Prokopyuk VYu, Skibina KP, et al. Comparison of
various of tissue and cell therapy approaches when restoring
ovarian, hepatic and kidney's function after chemotherapy-
induced ovarian failure. Exp Oncol [Internet]. 2017 Sep [cited
2019 Dec 10];39(3):181-5. Available from: https://exp-oncology.
com.ua/article/10137.

7. Lobo SE, Leonel LC, Miranda CM, et al. The placenta as an
organ and a source of stem cells and extracellular matrix: a
review. Cells Tissues Organs. 2016; 201(4):239-52.

8. Miki T, Marongiu F, Ellis E, Strom SC. Isolation of amniotic
epithelial stem cells. Curr Protoc Stem Cell Biol [Internet].
2010 Jan 15 [cited 2019 Dec 10]; Chapter 1:Unit 1E.3. Avai-
lable from: https://currentprotocols.onlinelibrary.wiley.com/
doi/10.1002/9780470151808.sc01e03s3.

9. Naji A, Eitoku M, Favier B, et al. Biological functions of
mesenchymal stem cells and clinical implications. Cell Mol Life
Sci. 2019;76(17):3323-48.

10.Parolini O, Alviano F, Bagnara GP, et al. Concise review:

isolation and characterization of cells from human term placenta:

outcome of the first international workshop on placenta derived
stem cells. Stem Cells. 2008;6(2):300—11.

.Pogozhykh D, Pogozhykh O, Prokopyuk V, et al. Influence

of temperature fluctuations during cryopreservation on vital

parameters, differentiation potential, and transgene expression
of placental multipotent stromal cells. Stem Cell Res Ther.

[Internet]. 2017 Mar 11 [cited 2019 Dec 10];8(1):66. Available

from: https://stemcellres.biomedcentral.com/articles/10.1186/

$13287-017-0512-7

1

N




7. James JL, Hurley DG, Gamage TKJB, et al. Isolation and
characterization of a novel trophoblast side-population from first
trimester placenta. Reproduction. 2015;150(5):449-62.

8. Kozub MM, Prokopyuk VYu, Skibina KP, et al. Comparison of
various of tissue and cell therapy approaches when restoring
ovarian, hepatic and kidney's function after chemotherapy-
induced ovarian failure. Exp Oncol [Internet]. 2017 Sep [cited
2019 Dec 10];39(3):181-5. Available from: https://exp-oncology.
com.ua/article/10137.

9. Lobo SE, Leonel LC, Miranda CM, et al. The placenta as an
organ and a source of stem cells and extracellular matrix: a
review. Cells Tissues Organs. 2016; 201(4):239-52.

10.Miki T, Marongiu F, Ellis E, Strom SC. Isolation of amniotic
epithelial stem cells. Curr Protoc Stem Cell Biol [Internet].
2010 Jan 15 [cited 2019 Dec 10]; Chapter 1:Unit 1E.3. Avai-
lable from: https://currentprotocols.onlinelibrary.wiley.com/
doi/10.1002/9780470151808.sc01e03s3.

11.Naji A, Eitoku M, Favier B, et al. Biological functions of
mesenchymal stem cells and clinical implications. Cell Mol Life
Sci. 2019;76(17):3323-48.

12.Parolini O, Alviano F, Bagnara GP, et al. Concise review:
isolation and characterization of cells from human term placenta:
outcome of the first international workshop on placenta derived
stem cells. Stem Cells. 2008;6(2):300—11.

13.Pogozhykh D, Pogozhykh O, Prokopyuk V, et al. Influence
of temperature fluctuations during cryopreservation on vital
parameters, differentiation potential, and transgene expression
of placental multipotent stromal cells. Stem Cell Res Ther.
[Internet]. 2017 Mar 11 [cited 2019 Dec 10];8(1):66. Available
from: https://stemcellres.biomedcentral.com/articles/10.1186/
$13287-017-0512-7.

14.Portmann-Lanz CB, Schoeberlein A, Huber A, et al. Placental
mesenchymal stem cells as potential autologous graft for
pre- and perinatal neuroregeneration. Am J Obstet Gynecol.
2006;194(3):664—73.

15.Prokopyuk VYu, Karpenko VG, Shevchenko MV, et al.
Experience in clinical application of cryopreserved placental
derivatives: cells, tissue, membranes, extract, and cord blood
serum. Innov Biosyst Bioeng. 2020; 4 (3): 160-8.

16.Silini AR, Cancelli S, Signoroni PB, et al. The dichotomy of
placenta-derived cells in cancer growth. Placenta. 2017;59:154—
62.

17.8Silini AR, Masserdotti A, Papait A, Parolini O. Shaping the future
of perinatal cells: lessons from the past and interpretations of the
present. Front Bioeng Biotechnol. [Internet]. 2019 Apr 10 [cited
2019 Dec 10];7:75. Available from: https://www.frontiersin.org/
articles/10.3389/fbioe.2019.00075/full.

18.Soncini M, Vertua E, GibelliL, et al. Isolation and characterization
of mesenchymal cells from human fetal membranes. J Tissue
Eng Regen Med. 2007;1(4):296-305.

19.Svitina H, Kyryk V, Skrypkina 1, et al. Placenta-derived
multipotent cells have no effect on the size and number of DMH-
induced colon tumors in rats. Exp Ther Med. 2017;14(3):2135-
47.

20.Zhang X, Mitsuru A, Igura K, et al. Mesenchymal progenitor
cells derived from chorionic villi of human placenta for
cartilage tissue engineering. Biochem Biophys Res Commun.
2006;340(3):944-52.

12.Portmann-Lanz CB, Schoeberlein A, Huber A, et al. Placental
mesenchymal stem cells as potential autologous graft for
pre- and perinatal neuroregeneration. Am J Obstet Gynecol.
2006;194(3):664—-73.

13.Prokopiuk VYu. Influence of media conditioned by cryopreser-
ved and fresh placental explants and cells on murine uterine
and ovarian organotypic cultures. Probl Cryobiol Cryomed.
2018;28(2):139-50.

14.Prokopyuk OS, Prokopyuk VYu, Pasieshvili NM, et al. Implan-
tation of cryopreserved human placental fragments restores
prooxidant-antioxidant balance in experimental animals of
late ontogeny. Probl Cryobiol Cryomed. 2017;27(1):61-70.

15.Prokopyuk VYu, Karpenko VG, Shevchenko MV, et al.
Experience in clinical application of cryopreserved placental
derivatives: cells, tissue, membranes, extract, and cord blood
serum. Innov Biosyst Bioeng. 2020; 4 (3): 160-8.

16.Silini AR, Cancelli S, Signoroni PB, et al. The dichotomy of
placenta-derived cells in cancer growth. Placenta. 2017;59:154—
62.

17.Silini AR, Masserdotti A, Papait A, Parolini O. Shaping the future
of perinatal cells: lessons from the past and interpretations of the
present. Front Bioeng Biotechnol. [Internet]. 2019 Apr 10 [cited
2019 Dec 10];7:75. Available from: https://www.frontiersin.org/
articles/10.3389/fbioe.2019.00075/full.

18.Soncini M, Vertua E, GibelliL, et al. Isolation and characterization
of mesenchymal cells from human fetal membranes. J Tissue
Eng Regen Med. 2007;1(4):296-305.

19.Svitina H, Kyryk V, Skrypkina I, et al. Placenta-derived
multipotent cells have no effect on the size and number of
DMH-induced colon tumors in rats. Exp Ther Med. 2017;
14(3):2135-47.

20.Zhang X, Mitsuru A, Igura K, et al. Mesenchymal progenitor
cells derived from chorionic villi of human placenta for
cartilage tissue engineering. Biochem Biophys Res Commun.
2006;340(3):944-52.

npo6nemu kpiobionorii i kpiomeauUMHN
problems of cryobiology and cryomedicine

Tom/volume 31, Ne/issue 1, 2021




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


