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Low-Temperature Storage of Placenta Affects Anti-Inflammatory
and Wound Healing Properties of Its Extracts

Pedrepat: Y poboti gocnimkeHo BNNUB HU3bKOTEMMEpPaTypHOro 36epiraHHs MnaueHTV 3a Pi3HUX TemnepaTyp Ha npoTu3ananbHy
aKTMBHICTb 1I €KCTpPaKTiB Ha KMITUHHUMX MOAEensX TepMoremonisy epuTtpouuTiB i ageHo3uH-5" gudocdart-iHgykoBaHoi arperauii
TpomGouuTiB. MNpoBeAeHO OLiHKY paHo3arotoBanbHOI Aii eKCTpakTiB 3 KPIOKOHCEPBOBAHOI NNaUEHTW Ha Moeni TEePMIYHOro oniky
y wypis. MNokasaHo, Wo nig Yac 36epiraHHs NMaueHTU CTPOKOM [0 Micsilus TemnepaTypa KpiOKOHCEpBYBaHHSI 3Hadylle He BnnvBana
Ha BIOCOTOK iHribyBaHHS ekcTpakTamu TepMoremonisy eputpouuTis i arperauii TpombouunTie. 36epiraHHst NnaueHTM NpoTsroMm 3-x Mi-
cauis npy —20°C Npr3BOAWIO A0 3HWKEHHS NpOTU3ananbHOI aKTMBHOCTI €KCTPaKTIB 3 Hel, a NpoTAromM 6 micauiB — [0 NOBHOI BTpaTy.
KpiokoHcepByBaHHs1 nnaueHTu npu —196°C possonsino 36epertu ii npoTusananbHy i paHo3arotoBarbHy aKTUBHICTb MPOTArOM BCbOroO
TepMmiHy. BuaBneHo BupaeHW NO3UTUMBHMIN edEeKT eKCTPaKTiB i3 KPIOKOHCEePBOBAHOI MMaueHTM Ha penapaTuBHWIA nNpouec 3a yMOB
ONiKOBOrO YLIKOAKEHHs1 wikipu I11-b cTyneHs y wypis.

KntovoBi cnoBa: HusbkoTeMnepaTtypHe 36epiraHHs, nnaueHTa NioAWHW, BOOHO-COMbOBI €KCTPaKTW, TEPMOremornis epuTpoLmTiB,
arperauisi TpoMbouMTiB, ONIKOBI paHW, paHO3arotBarbHa gisl.

Abstract: Here we have studied the effect of low-temperature storage of the placenta at different temperatures on anti-inflam-
matory activity of its extracts in cell models of erythrocyte thermohemolysis and adenosine-5'-diphosphate-induced platelet aggre-
gation. The wound-healing effect of cryopreserved placental extracts was also evaluated in rat thermal burn model. When preserving
placenta for up to a month, the temperature of storage was shown to cause no significant impact on the percentage of inhibition
of erythrocyte thermohemolysis and platelet aggregation by the extracts. Placental storage for three months at —20°C decreased
anti-inflammatory activity of its extracts, and led to its complete loss during 6 months. Placental cryopreservation at —196°C enabled
to preserve the anti-inflammatory and wound-healing activity. The cryopreserved placenta-derived extracts showed a pronounced

positive effect on reparative process at third-degree (B) skin burn injury in rats.
Key words: low-temperature preservation, human placenta, aqueous-saline extracts, erythrocyte thermohemolysis, platelet

aggregation, burns, wound healing effect.

[lnanenTa — yHiKaJlbHUHA Oprad 3 aKTUBHUM Me-
TabOoIIi3MOM, SIKHA MICTHTH ITUPOKHHA CIIEKTp O10J10-
TIYHO aKTHBHUX pedoBwH [28, 29, 35, 39]. 3aBnsaxu
HassBHOCTI BEJIMKOI KUTBKOCTI HYKJIETHOBHX KHCIIOT,
aMIHOKHCJIOT, BiTaMiHiB, MIKpPOEJIEMEHTIB, TICITH/IIB,
LUTOKIHIB 1 )aKTOPIB POCTY €KCTPAKT ILIALICHTH JIIO-
muan (EILJI) mae mporm3ananbHi, 3HEOOMIOBAIBHI,
pereHepaTHBHi, MPOTHUBIPYCHI, IMyHOPETyIIOBaIbHI
Ta TpoTUalepreHHi BmactuBocti [14, 20, 22, 35,
36]. BupakeHa aHTUMIiKpOOHa Ta paHO3arorBajbHA
aKTHBHICTh €KCTPAKTIB IJIALIEHTH IO3BOJIMIIA BHKO-
PHUCTOBYBAaTH iX Iif 4ac JIKyBaHHS OIMIKOBHX, MiCIIs-
OlepaliiHuX 1 XPOHIYHMX paH, Ae(QEKTIB IMIKipH
tomro [11, 14, 19, 23, 32].
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The placenta as a unique organ with an active
metabolism contains a wide range of biologically
active substances [24, 25, 32, 39]. Human placenta
extracts (HPEs) possess the anti-inflammatory, anal-
gesic, regenerative, antiviral, immunoregulatory
and antiallergic properties due to a large number of
nucleic acids, amino acids, vitamins, microelements,
peptides, cytokines and growth factors, [10, 16, 18,
32, 33]. The pronounced antimicrobial and wound-
healing activities of placental extracts enabled using
them in therapy of burn, postoperative and chronic
wounds, skin defects, efc. [7, 10, 15, 19, 29].

The human placenta-derived products ensure

a favourable microenvironment for cell growth
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OTpuMaHi 3 IUIAIICGHTH JIIOAWHU TIperapard 3a-
0e3MeuyrTh MIKPOCEPEIOBUINE, CHPHUSTINBE IS
pocty Ta audepeHmianii KIiTHH, 1 TO3UTHBHO MO-
JTYJTIOIOTh 3aTO€HHS paH MOBHOI TOBIMWHY IIKipH [ 16].
VY pe3ynbTari JiKyBaHHS paH EKCTpPaKTaMH IUIAICH-
TH BUSBJICHO 3HAYHE 3MCHIIICHHS PO3MIpY, 1HICKCY
paHH Ta CKOPOYECHHS HEOOXiIHOTO JJIsl TIOBHOTO 3a-
TOEHHS Yacy, a TaKOXK CYTTEBHH IMPHUPICT MIITHOCTI
Ha po3puB, MOMiTHE 30inbmeHHs TKaHuHHOI JIHK,
3arajpHOTO Oinka Ta konarenesy [11]. ['eni Ha ocHOBI
EIVI matoTh mpoTH3anaiibHy Ta 3HEOONIOBAIBHY
JIi1, 10 TMiATBEPIKEHO KOM(OPTHUM CTAHOM MAaIli€H-
TiB 1 MIBUANIUM 3arO€HHSM IIiJI Yac MapaJIOHTalb-
HOI Xipyprii IenirMeHTOBaHUX AUISHOK siceH [23].

OCHOBHHM OOMEKEHHSIM JUISI LTUPOKOTO TEepareB-
THyHOTO 3actocyBaHHs EILJl y KIiHIYHIA MpakTHIli
€ Manmmid TepMiH ix 30epiraHHsa. [lepcrneKTHBHHM
METOZIOM 30epe’KeHHsT 010JI0TIYHOI aKTUBHOCTI IIpe-
mapariB € KplOKoHCepBYBaHHs. PaHilie Oyiio mokasa-
HO [2], 1110 30epiraHHs TKaHUH IUTaleHTH Ipu —196°C
MPOTITOM poKy Jo03Bojsie orpumyBaru EIUI, y axux
3aJIUIIAETHCS 3AATHICTh 3IMCHIOBATH CTa0LTI3yI0-
YUl BIUIMB Ha KJIITHHU: MiJBHUIYBATH OCMOTHYHY
CTIMKICTh EpPUTPOLUTIB K AaKTHUBI3yBaTH MPOLECH
KIIITHHHOTO TUXaHHs. BCTaHOBIEHO TaKoXK, IO KPio-
KOHCEPBYBaHHS TKAHWHU TUIANEHTH 33 TEMIIEpaTypu
—80°C ne BruMBae Ha ii aHTUMiIKpOOHY fito [26].

Hnst in vitro BUBYEHHS BIUIUBY Pi3HUX (i3H-
KO-XIMIYHHUX 1 010JIOTTYHHX (DAKTOPIB MIUPOKO 3aCTO-
COBYIOTBCS KJIITHHHI TECT-CUCTEMH, 30KpeMa 1 Ist
OIIHKY TOTCHIIIMHOI MPOTH3alaIbHOI AKTHUBHOCTI
eKCTpaKTiB pizHOro moxomkeHH: [ 10, 12, 30]. [IpoTtu-
3amnajbHa aKTHUBHICTH JIIKAPCHKHUX IpENapariB 4acTo
KOpeJIoe 3 X 3IaTHICTIO 3HMXKYBaTh TEPMOTEMOIII3
epurporuTiB [6, 38]. Jleski aBropu [7, 8] mokazainu,
mo nonepenHs oOpoOKa EpUTPOLHTIB EKCTPaKTOM
IUTALCHTH JIOAWHH 1HTIOy€e TepMOremolsi3 epuTpo-
IUTIB, 1 IEH TpoIeC 3aleKUTh BiJ] KOHICHTpAIi
npemapary. OTpuMaHi pe3yabTaTH CBia4aTh Mpo CTa-
Oii3yrouy IiF0 eKCTPaKTy IUIAleHTH Ha MeMOpaHu.
[TokazaHo B3a€MO3B’S30K MOCITIKEHUX TMapaMeTpiB
3 MPOTH3ANAIBHOIO JI€I0 EKCTPaKTiB Ha PIiBHI Op-
raHi3My.

BaxxiuBuM MaToreHHUM MapKepoM 3arajieHHsS €
arperartist TpOMOOITUTIB. Y 3B’S3Ky 3 UM INPOTH3A-
nanbHy JiI0 MpenapaTiB AOCHIHKYIOTh pa3oM 3 iXHi-
MU aHTHArperamiifHiMU BIacTUBOCTAMU [37], a mns
EKCTIPEC-OLIHKU 71 Vitro Ha TPOTH3aNalbHy AKTHB-
HICTb HOBUX IpEnapariB BUKOPUCTOBYIOTH KJIITHH-
HY TECT-CHCTEMY Ha OCHOBi 1HIYKOBaHOI arperaii
TpoMOouuUTIB [5, 27].

MeTta mOCHiIKEeHHS — BUBYEHHS BIUINBY yYMOB
HU3BKOTEMITEpaTypHOTO 30epiraHHs IUIArieHTH Ha
MPOTH3AMAJIbHI Ta PAHO3aro0BalbHI BIACTHBOCTI
il eKCTpPaKTIB.
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and differentiation, and positively modulate
the full-thickness skin wound healing [12]. The
wound therapy with placental extracts revealed
a significant decrease in wound size and index,
as well as the shortening of time required for comp-
lete healing, and a significant rise in tensile strength,
a pronounced increase in tissue DNA, total protein
and collagenesis [7]. The HPE-based gels have
the anti-inflammatory and analgesic effects, as
evidenced by a patient’s comfort and faster healing
in periodontal surgery of depigmented gingival
areas [19].

The short storage time of HPEs is the main
limitation for its wide therapeutic application.
Cryopreservation is a promising way to preserve the
biological activity of the specimens. As previously
reported [34], the storage of placental tissue
at —196°C for one year enabled obtaining the
HPEs with retained ability to have a stabilizing
impact on cells, i. e. to increase the erythrocyte
osmotic stability and activate a cell respiration.
The cryopreservation of placental tissue at —80°C
was also established to cause no effect on its
antimicrobial activity [22].

Cellular test systems are widely used for in vitro
study of the effect of different physico-chemical
and biological factors, including the evaluation
of potential anti-inflammatory activity of the
extracts of various origins [6, 8, 26]. Anti-inflam-
matory activity of drugs often correlates with their
ability to reduce thermohemolysis of erythro-
cytes [2, 38]. Some reports [3, 4] showed the
erythrocyte pre-treatment with human placental
extract to inhibit the erythrocyte thermohemo-
lysis, and this process was dependent on drug
concentration. The obtained results testified to
a stabilizing effect of placental extract on mem-
branes. The relationship of the studied parameters
with an anti-inflammatory effect of extracts at
a body’s level was shown.

Platelet aggregation is an important pathogenic
marker of inflammation. In this regard, an anti-
inflammatory effect of drugs is studied together
with their anti-aggregation properties [37], and
for rapid in vitro assessment of new drugs for anti-
inflammatory activity one uses the cell test system
based on induced platelet aggregation [1, 23].

We here aimed to study the impact of conditions
for low-temperature placenta storage on the anti-
inflammatory and wound-healing properties of
its extracts.

Materials and methods
Human placentas were procured from healthy
parturients with their informed consent (40 weeks
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Marepiaiu i MeTonHn

[lnaneHTy /IOAMHU OTPHUMYBAalM y 3HOPOBHX
MOpOALTh 32 iX iH()OpPMOBaHOI 3ronu (TEpMiH BariT-
HOocTi 40 TXHIB). DparMeHTH CBIKOOTPUMAHUX
IUTAIIEHT OXOJIOMKYBalld y TUIACTUKOBHX MaKeTax
1m0 —20, —80 Ta —196°C 1 36epiranu cTpokoM 10 6 Mi-
csaiB [1]. BimirpiBaHHS TPOBOAWIIA HA BOISHIN
6ani mpu 37°C. BomHO-COIBOBI €KCTPaKTH OTPH-
MyBaJl €KCTparyBaHHSM TOMOTEHI3aTy CBIKOOT-
pUMaHOi Ta KpPiOKOHCEPBOBAHOI IUIALCHTH y Qoc-
¢arHo-conboBoMy Oydepi (pH 7,4) [1]. V saxocrti
KOHTPOJTI0 BUKOPUCTOBYBAJIM €KCTPAKTH 31 CBIXKOOT-
PUMaHOI TIAICHTH.

Cryninp arperauii TpOMOOLMTIB BH3HAYaJIH
cnekTpodoToMeTpuuHIM MeTtonoM [24]. Hdns moc-
nimpkerras BrumBy EILI Ha cTymiae arperarii TpoM-
OonuTiB 30aradeHy TpoMOOIMTaMHU IUIa3My iHKY-
oysamu mpotsarom 15 xB 3 EINJI 3a temmeparypu
37°C. Y skocTi IHIyKTOpa arperarii TpoMOOIIUTIB
BHKOPHCTOBYBaJIM aAcHO3UH-5" mudochar (AJ1D;
Sigma-Aldrich, CIITIA) y kontenTpamii 10~ MoIB/II.
Honasannas pozunHy Al mo cycrensii TpoMOOIHTIB
3aificHioBanu 3a Temneparypu 37°C [13]. Pesynsra-
TH arperaiii BU3Ha4ajdy depe3 5 XBWIMH Micis J0-
naBanas AJlI® [5]. 3a 3MiHOI ONTHYHOI TYCTH-
HU Ha JoBxuHI XBwii 700 HM Oyrno po3paxoBaHO
BIJICOTOK arperaiii y koHTpoui Ta 3pa3kax i3 EILI.
Biacotok iHriOyBaHHS arperaiiii TPOMOOIIMTIB 3
EITJI po3paxoByBaiiu 3a (opMyIIok0:

Bincorok iaribyBanns arperaimii = (1—
(arperaris )/ (arperartis )) x 100.

3pasok: KOHTDOIIb

Jnst gocnipkeHHS TEPMOTEMONI3y BiIMHTI epu-
TpoUUTH pecycrneHayBanu 1:1 3a o6’emom y doc-
¢atHo-conpoBoMy Oydepi (Medicago Uppsala, [1IBe-
uis), inkyoyBamu 3 EIUI mpotarom romunm. Jami
CPUTPOLUTH PECYCIICHAYBAIM 1 MiAmaBajiy Tinep-
TepMmii (20 XB y peryaboBaHOMY BOAHOMY TEpMO-
crati ipu 55°C) [33]. I'eMoIi3 OIIHIOBAIH 32 BUXO-
JIOM TEeMOTJIOOIHY NUISIXOM BHMIPIOBAaHHS ONTHYHOT
mITbHOCTI B Hagocadi ipu 540 um [10] i Bupakamu
y BiagcoTkax BigHOCHO 100 % remomizoBaHuX KITITHH.
Takox po3paxoByBadu BIJICOTOK I1HTIOyBaHHS Te-
MOJIi3y 3a (POpPMYJIOH0:

BincoTok iHriOyBaHHs reMonizy = (TeModi3 —
(remortiz Bpm)/ (remomi3 x 100

Kompom)

KOHTpOﬂb)

30epexxenicTh paHosaroroBanbHOI Aii EITI micns
KpIOKOHCEPBYBAaHHS IUIAIICHTH BHBYAM HA MOJEII
tepmigHoro omiky I1I-b cTymens [17].

ExcrieprMeHTH BUKOHYBAJIA Ha O1THX IITypax-caM-
max JiHii Bicrap macoro 150—170 1, BignmoBigHO 1O
3akoHny Ykpaiam «lIpo 3axucT TBapwH Bix XKOPCTO-

146

pregnancy period). Fragments of fresh placentas
were cooled in plastic bags down to —20, —80
and —196°C and stored for up to 6 months [28].
Thawing was carried out in a water bath at 37°C.
Aqueous-saline extracts were obtained by extrac-
ting the homogenate of fresh and cryopreserved
placenta in phosphate-buffered saline (pH 7.4) [28].
Fresh placenta extracts were used as a control.

The degree of platelet aggregation was deter-
mined by spectrophotometry [20]. To study the
HPEs impact on the degree of platelet aggregation,
the platelet-enriched plasma was incubated for
15 min with HPEs at 37°C. The adenosine-5
diphosphate (ADP; Sigma-Aldrich, USA) at a con-
centration of 107° mol/l was used as platelet ag-
gregation inducer. The ADP solution was added
in platelet suspension at 37°C [9]. Aggregation
results were determined in 5 min after ADP sup-
plement [1]. The percentage of aggregation in
the control and specimens with HPEs was calcu-
lated by the change in optical density at 700 nm
wavelength. The percentage of inhibition of platelet
aggregation with HPEs was calculated by the for-
mula:

The percentage of aggregation inhibition = (1 —
(aggregation Sample)/ (aggregation __ 1)) < 100.

To study the thermohemolysis, the washed
erythrocytes were re-suspended in 1:1 ratio (v/v)
in phosphate-buffered saline (Medicago Uppsala,
Sweden), and incubated with HPEs for one hour.
Then the erythrocytes were re-suspended and
subjected to hyperthermia (20 min in a regulated
water thermostat at 55°C) [30]. Hemolysis was
assessed by haemoglobin yield via measuring
the optical density in supernatant at 540 nm [6]
and expressed as a percentage relative to 100%
of hemolyzed cells. The percentage of hemo-
lysis inhibition was also calculated by the for-
mula:

The percentage of hemolysis inhibition = (hemoly-
sis ) — (hemolysis )/ (hemolysis 100.

) X
contro sample control

Preservation of wound-healing effect of HPEs
after placental cryopreservation was studied in the
I11-B degree thermal burn model [13].

The experiments were performed in white
male Wistar rats weighing 150-170 g, in accordance
with the Law of Ukraine ‘On the Protection
of Animals Against Cruelty’ (No. 3447-1V of Feb-
ruary 21, 2006) in compliance with the requirements
of the Bioethics Committee of the Institute for
Problems of Cryobiology and Cryomedicine of
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koro moBomkeHH» (Ne 3447-1V Bim 21.02.2006)
3 IOTpUMaHHSIM BHUMOT KoMiTeTy 3 Oioertuku [HCTH-
TyTy mpobieM KpioGionorii i kpiomeanuman HAH
YKpainu, y3romKeHuX i3 MOJIOKCHHIMH «CBpOIICH-
ChKOI KOHBEHIIII MPO 3aXHUCT XPeOCTHHWX TBapHH,
SIKI BHKOPHCTOBYIOTBCS U EKCIIEPUMEHTAITBHUX
Ta IHIMUX HAyKOBHX Iitei» (CtpacOypr, 1986).

TepMiuHUiT OIMK MOMETIOBATN I TTOBEPXHE-
BHM HapKo30M Ha 30BHINIHIM MOBEpPXHiI CTErHa. Y
pe3ynbTaTi TEPMIYHOTO BIUIMBY B IIypiB BHHUKAB
OMIK MIKIpU CTErHa Iiomiero omu3pko 3,0-3,3 cm?,
1o craHoBuio ~1,2—1,3% Bix 3araabHOI IO TBa-
puH. 115 po3paxyHKy IUIOLII MOBEPXHi Tijia y LIypiB
BukopuctoByBamn ¢opmyny K. Meeh y momudi-
kamii D.A. Giplin [18]:

S = kW2,

ne S — 1uTola MoBepxXHi Tina, cM?; k — KoHCTaHTa
Mixa (9,46), W — Maca Tija TBApHUHH, KT.

Jl1st omiHKY mepeOiry mporecy 3arol0BaHHS paHH
¢dotorpadysanu [15] va 1, 3, 7, 14, 21 1 28-y nobu
micnss HaHeceHHS TpaBMu. Otpumani QoTorpadii
aHAIII3yBaIM 3 BUKOPHCTAHHSIM KOMIT IOTEPHOI IPO-
rpamu «Imagel 1.52a» (NIH, CLLA).

Jl1s OIiHKM pereHepaTHBHOT aKTUBHOCTI BUKOPH-
CTOBYBaJIl aOCOJIOTHI Ta BIJHOCHI NOKa3HHUKH. Bin-
COTOK YPa)KCHOI JUISTHKH PO3pPaxOByBald 32 GOpPMY-
JI010:

$% =S /S, x 100,

ne S, — muoma paHu Ha JOCIiKyBaHy 100y; S, —
IUIOIA PaHU Ha Mepury I00Y.

BinHomenHs miomi onikoBoi paHHW O MOBEPXHi
TijJla TBAPUH PO3PAXOBYBAJH 3a HOPMYIIOIO:

A=S/S x 100,

ne S — mioma paHu Ha JOCHIKyBaHy 100y; S —
TUIOMIA MTOBEPXHI Tija.

VYci ekcriepuMeHTaIbHI TBApUHU OYJIO PO3MUICHO
Ha 3 rpym (7 = 8 y KokHii): 1 (KOHTpOJIbHA rpyma) —
TEPMIUHUI OMiK 0e3 JIIKyBaHHS; 2 — TEPMIYHUIN OIIIK
3 BukopuctanasM EINI y mporeci mikyBanHs; 3 —
TEPMIYHUH OIiK 3 BUKOPUCTAHHSAM y TPOLEC] JIKy-
BaHHA Ma3i «JleBomexomnp» («Papmaky», Ykpaina).

JlixyBaHHS 3MiMCHIOBaTM HAHECCHHSM CKCT-
pakry (0,5 mn) Ha paHy IIOAHS, 2 pa3d Ha 100y
MPOTSITOM  YChOTO eKcriepuMeHTty (28 mib). s
MOPIBHSJIBHOI OIIHKA PaHO3aroroBalibHOI il JTi-
KapChbKUX IIperapariB BUKOPHUCTOBYBaIU Ma3b «Jle-
BOMEKONb» [9]. Ma3p HAHOCWIW IIOMHSA TOHKUM
apoM Ha ypakeHy MOBepXHI0. PaHOBY MOBEpXHIO
HE 130JTFOBAJIN BiJ 30BHIIITHHOTO CEPEIOBHUIIIA.
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the NAS of Ukraine, consistent with the state-
ments of the European Convention for the Protec-
tion of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (Strasbourg,
1986).

A thermal burn was simulated under super-
ficial anesthesia on the outer thigh surface. As
a result of thermal exposure, the rats had a burn
of the thigh skin with an area of about 3.0-3.3 cm?,
which was ~1.2-1.3% of the total surface area
of animals. To calculate the body surface area in
rats, we used the Meeh formula, modified by
D.A. Giplin [14]:

S = kW2,

where S is body surface area, cm?; k is Meeh cons-
tant (9.46), W is body weight of animal, kg.

To assess the healing course, the wounds were
photographed [11] to days 1, 3, 7, 14, 21, and 28
after injury. The obtained photos were analyzed
using the ‘Imagel 1.52a’ software (NIH, USA).

Absolute and relative indices were used to
assess the regenerative activity. The percentage of
affected area was calculated according to the for-
mula:

S% =S /S, x 100,

where S_is wound area to the studied day; S| is wound
area to day 1.

The ratio of burn wound area to animal
body surface was calculated by the formula:

A=S,/S x 100,

where S is wound area to the studied day; S is
body surface area.

All experimental animals were divided into
3 groups (n = 8 each): group 1 (control group) —
thermal burn without treatment; group 2 — thermal
burn with HPEs application in therapy; group 3 —
thermal burn using Levomekol ointment (Farmak,
Ukraine) in treatment.

The therapy was carried out by applying
the extract (0.5 ml) twice daily to the wound
throughout the experiment (28 days). ‘Levomekol’
ointment [5] was used to comparatively assess
the wound-healing effect of drugs. The ointment
was applied daily with a thin layer to the af-
fected surface. The wound surface was not iso-
lated from the external environment.

Data were presented as mean =+ standard
error. The obtained results were statistically proces-
sed with one-way ANOVA, and the posteriori
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Puc. 1. MpoueHT iHribyBaHHA Tepmoremonisy eputpo-
umTtiB EMJ1 B 3anexHocTi Big Yacy 36epiraHHs nnaueH-
TV 3a pisHMx Temnepatyp: —20 (=), —80 (O), —-196°C
(m); * — BigMiHHOCTI 3HauyywWi BiAHOCHO KOHTpon, # —
BiAMiIHHOCTI 3HauyLi BiAHOCHO Micausa 36epiraHHsa npu
BiANOBIAHIN TemnepaTtypi, p = 0,05.

Fig. 1. Percentage of inhibition of erythrocyte ther-
mohemolysis by HPEs depending on time of placenta
storage at different temperatures: -20 (m), —80 (D),
-196°C (m); * — differences are significant relative to
the control; # — differences are significant relative to the
month storage at corresponding temperature, p = 0.05.

JlaHi HaBeIeHO SK CepenHE 3HAYCHHS *+ CTaH-
mapTHa moMmmika. st cratucTudHOi 0OpOOKH eKc-
HNEePUMEHTANBHUX  PE3yJbTaTiB  BUKOPUCTOBYBAJIN
OAHO(AKTOPHUI AUCHIEPCIMHUI aHami3, anocTepiop-
Hi TIOPIBHSHHS NPOBOAWIM 3a KpuTepieM ManHa-
BitHi 3 monpaBkoro BoHgepponi 3a momomororo
nporpamu «Statgraphics Plus» (Manugistic, CILIA).

Pe3yabTaTi T2 00rOBOpEHHS

Jl1s1 BU3HAYEHHS ONTUMAIBHOI TeMIIepaTypH 30e-
piraHHs IUIANEHTH, SKa 03BOJISIE 30epiraT ii mpo-
TH3alaJIbHI BJIACTHBOCTI IMOHAWMEHINIE MPOTATOM
6 wMicsIiB, OyJlo TPOBEACHO MOCHTIKEHHS BILTUBY
EIUI 3 turamentr mmichis il 30epiraHHs 3a TeMIiepa-
typu —20 , —80 Tta —196°C Ha TepMoremModi3 epuT-
POLMTIB Ta IHAYKOBaHY arperamilo TPOMOOLUTIB
(puc. 1, 2). Exctpaxr 3i CBIXXOOTPHMAHOI IUIaLlEH-
TH (KOHTpOJb) H03BOJIsi€ iHTriOyBarn Onuspko 40%
AJ1d-innykoBaHol arperaiiii TpoMOonuTiB (puc. 2)
i 20% TepMoreMonizy epuUTpOLMTIB (IUB. puc. 1).
[Ipotarom HHU3BKOTEMIEPATypHOTO 30epiraHHs Iuia-
IIEHTH JI0 MICSIS 3HAYYIIE HE 3MIHIOETHCS 3MATHICTh
EIJI BmmBaTH Ha TEPMOCTAOUTBHICTH EPHUTPOITH-
TIiB 1 arperaiito TPOMOOITUTIB.

KpiokoHCepByBaHHS TUIAIICHTH MPOTATOM 3-X Mi-
camiB 3a Ttemneparypu —20°C TpU3BOAUTH 110 3HU-
xeHHa Oiomoriynoi aktuBHOcTi EITJI momo moc-

148

comparisons were performed using the Mann-
Whitney test with Bonferroni correction using
‘Statgraphics Plus’ software (Manugistics, USA).

Results and discussion

To determine the optimal temperature for pla-
centa storage, which enables preservation of its
anti-inflammatory properties for at least 6 months,
the impact of HPEs on erythrocyte thermohemo-
lysis and induced platelet aggregation after pla-
centa storage at —20, —80 and —196°C has been
studied (Fig. 1, 2). The extract derived from
fresh placenta (control) enabled the inhibition of
about 40% of ADP-induced platelet aggregation
(Fig. 2) and 20% of erythrocyte thermohemolysis
(see Fig. 1). During low-temperature placental
storage for a period of up to a month, the ability
of HPEs to affect the erythrocyte thermal stability
and platelet aggregation was not significantly
changed.

Placenta cryopreservation for 3 months at —20°C
resulted in a decreased biological activity of HPEs
in terms of the studied cell models, however,
the inhibition percentage of platelet aggregation
and erythrocyte thermohemolysis remained quite
a high (Figs. 1, 2). After placenta storage for 3 months
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KoHTpornb 1 3 6

Control

TepmiH 36epiraHHs nnaueHTu, Micsub
Placenta storage time, month

Puc. 2. MpoueHT iHribysanHs AP-iHaykoBaHoi arpera-
uii Tpom6oumTiB ENMJ B 3anexHocTi Big Yacy 36epiraH-
HA NnaueHTn 3a pisHux Temnepatyp: —20 (=), =80 (O),
—-196°C (m); * — BiAMIHHOCTi 3HauvyLLi BiAHOCHO KOHTPO-
nw, * — BigMiHHOCTI 3Hauyywi BigHOCHO Micsius 36Gepi-
raHHs npu BignosigHin TemnepaTtypi, p = 0,05.

Fig. 2. Percentage of inhibition of ADP-induced platelet
aggregation by HPEs depending on time of placenta
storage at different temperatures: —20 (=), -80 (O),
-196°C (m): * — differences are significant relative to
the control; # — differences are significant relative to the
month storage at corresponding temperature, p = 0.05.
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JIKEHUX KITHUHHUX MOAEIEH, OOHAK BlICOTOK
irniOyBaHHs arperauii TpPOMOOLMTIB 1 TepMore-
MOJIi3y €pUTPOLHUTIB 3aIHIIAE€THCA JOCUTH BUCOKUM
(muB. puc. 1, 2). ITicyisa 30epiraHHs IUTALEHTH IPOTS-
roM 3-x wicsiiB 3a Temneparyp —80 1 —196°C 3Ha-
qyImuX 3MiH 3apeecTpoBaHo He Oyino. [licus 6 mics-
miB 30epiraHHs IDIANeHTH 3a Temmeparypu —20°C
EIJI moBHICTIO BTpavYayid 3MaTHICTH IIiIBHUIIYBa-
TH TEPMOCTAOUIBHICTh EPHUTPOIUTIB 1 3HUKYBATH
piBerp AJI®-inmykoBaHoi arperamii TPOMOOLHMTIB,
10 MOKE CBIAYUTH PO 3HUKHEHHS MPOTH3aMaIbHUX
BJIACTHBOCTEH eKCTpakTiB. Bimcorok iHriOyBaHHA
TEPMOTEMOJTI3y EPUTPOLMTIB 1 arperaumii TpomOoO-
LUTIB 3HAYyIIE 3HWKYBABCs Micis 6 micsAuiB 30epi-
raHHs IolaueHTH 3a Temneparypu —80°C mopis-
HAHO 3 MicsmeM 30epiraHds, OmHaK OiojorivHa
aktuBHICTh EIDJI 3amummanmacst AOCHTH BHCOKOIO.
IMoBHy 30epekeHicTh BiaactuBoctedt EILJI miomo
JOCITIDKEHUX KIITUHHUX MOJEICH 3a yMOB 30epi-
TaHHS IUTAIICHTH MPOTATOM 6 MICSIIB BHSBICHO
TiTekH 3a Temreparypu —196°C. Lle cBimuuTh Tpo
HasBHICTH MpoTH3amanbHuX BractuBocTerd EITJI
micnst 30epiranHs mnaneHtd npu —196°C monai-
MEHILE MPOTATOM 6 MICSIIIB.

Y momnepenHix TOCHTIKSHHIX HaMH OyJI0 TIOKa3a-
HO, 110 30epiranHs maneHTH npu —196°C He BIUTHBaE
Ha 3axucHy ai0 EINJI momo cTiikocTi epuTponuTiB
no Hm3pKoro pH, y To#t wac sk mpu —20°C 3miHIO-
Banucs BnactuBocti EIUI [31]. Bussieno Bucoxuit
pIBeHb AHTHOKCHAAHTHHUX BiactuBoctedt EILJI 3a
YMOB 30epiraHHs IJIAeHTH JIIOAWHY 3a TeMIeparypH
—196°C [3], npu npoMy 3a IHITUX TEMIIEpaTyp TPH-
BaJIOTO 30epiraHHs IUIANEHTH 3HIKYBaIacs aHTHOK-
cunanTHa eextuBHicTh EITJT [2].

VY namiii poOoTi HAa KIITUHHUX MOAEISIX TepMO-
reMOJIi3y epUTpOUUTIB 1 arperamii TpoMOOLUTIB,
a TaKOoX AHTHOKCHJAHTHHUX BIACTHUBOCTIX [3, 4],
Oyno moka3zaHO BHUCOKY MpoTu3ananbHy airo EITJI
3a yMOB 30epiranHs miaueHTH npu —196°C crpo-
KOM JI0 6 MICSIIiB, IO CBIMIUTH MPO TEPCICKTHBU
Ut €(DeKTUBHOTO 3arOI0BaHHSA paH. Y 3B’S3KY 3 ITUM
Ha MOIEJ TEPMIYHOTO OITKy y IIypiB Oyi0 moc-
JIJPKEHO PaHO3aroBaibHy e(PEeKTHBHICTD CKCTPAKTY
3 KpiokoHCepBOoBaHOI (—196°C) mmaneHTH.

IIpoBenene mocimiKEHHS MOKAa3ajo, Mo B MEpIIi
TOIUHM MICHs TepMivHOI Aii Ha WKipi mypiB ¢op-
MYBaBCSl CTPYIl OlTyBaTO->KOBTOTO KOJIBOPY, TOHKHUI
i mocuth M’skmit. Jlo kiHmg mepmroi mo0u 3a3Ha-
Yanocs MOTOBIICHHS 1 YUIUJIBHEHHS CTpyHa, KOJIip
axoro 'y 40% TBapuH 3MiHIOBaBCs Bif OiryBato-
KOBTOTO IO YEPBOHO-KOPHUYHEBOTO, BiIMivaiacs Ha-
OpSAKITICTh TPAaBMOBAHOI AUTSTHKY 3 HASBHICTIO Kpano-
Boi rimepemii. ¥ 30% TBapuH Ha MICIll ypaXeHHS
CIIOCTEPIraaucs TPIIMHY, 3 SKUX BUIULIBCSI CEpO3-
Hui ekcymar. IlIkipHI TOKpHBH 30HH TapaHEKPO3y
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at —80 and —196°C, no significant changes were
recorded. After 6-month placenta storage at —20°C,
the HPEs completely lost the ability to augment
the thermal stability of erythrocytes and reduce
the level of ADP-induced platelet aggregation,
which might indicate the disappearance of anti-
inflammatory properties of the extracts. The per-
centage of inhibition of erythrocyte thermohemo-
lysis and platelet aggregation significantly decreased
after 6 months of placenta storage at —80°C as com-
pared with one-month storage, however, the bio-
logical activity of HPEs remained quite a high.
A complete preservation of HPE properties in
terms of the studied cell models under placenta
storage for 6 months was found only at —196°C.
This testified to the presence of anti-inflammatory
properties of HPEs after placenta storage at —196°C
for at least 6 months.

As previously reported [27], the placenta sto-
rage at —196°C caused no impact on protective
effect of HPEs relative to erythrocyte resistance
to low pH, while at —20°C the properties of HPEs
were changed. Under conditions of human placenta
storage at —196°C, a high level of antioxidant
properties of HPEs was revealed [35], whereas
the other temperatures of long-term placenta sto-
rage led to a decreased antioxidant efficiency of
HPEs [34].

Here, a high anti-inflammatory effect of HPEs
under placenta storage at —196°C for up to 6 months
was demonstrated in cell models of erythrocyte
thermohemolysis, platelet aggregation and anti-
oxidant properties [35, 36], suggesting thereby the
prospects for efficient wound healing. In this con-
text, the wound-healing efficiency of the extract
derived from cryopreserved (—196°C) placenta
was studied in a rat thermal burn model.

Our study showed the formation of whitish-yel-
low, thin and quite a soft scab on rat skin in the
first hours after thermal exposure. By the end of
the first day, the thickening and densification of
the scab, the colour of which was changed from
whitish-yellow to red-brown in 40% of animals,
were observed. There was a swelling of the in-
jured area with the presence of marginal hype-
raemia. In 30% of animals, the cracks with
released serous exudate were noted at the injury
site. Skin of paranecrotic area in animals from
groups 1 and 2 acquired a greyish-bluish colour,
that was a sign of impaired blood circulation.
This zone can also become necrotic, i. e. the
burn wound area can increase even when the
exposure to traumatic factor is finished. For
example, when observing the dynamics of burn
wound regeneration to day 3, the groups 1
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y TBapuH rpyn 1 Ta 2 HaOyBaju CipyBaTO-CHHIOLI-
HOTO KOJBOPY, IO € O3HAKOIO MOPYLIEHHSI KpOBOOOi-
ry. LIst 30Ha MOXKe TakoX CTaTW 30HOIO HEKPO3Y, TOOTO
IDIOIIA OITKOBOI paHU MOXKE 30UTBITYBATHUCS BXKE TIiC-
JIsI TIPUTIMHEHHST BIUTMBY TpaBMyrodoro axropa. Tak,
ITiJT 9ac CIOCTEPEKEHHS 3a JUHAMIKOIO pereHepartii
OIiKOBOI paHu Ha 3-10 100y B rpymax 1 Ta 2 Oyio
3apeecTpPOBaHO 30UTBITICHHS TUIONI TMOBEpXHI Ha 6,3
1 4,6% BIAMOBITHO, TUIOIIA MTOBEPXHI paHU Yy HIypiB
rpymu 3 He 3MiHMNacs (puc. 3).

BigyansHi cnoctepeskeHHss Ha 7-y mo0y micis
HaHECEeHHS TPaBMHU IIypaM IOKa3ajH, L0 3aro€H-
HS paH TPOXOIWTH 3a CEKBECTPALIMHUM THIIOM:
Ha TOBEPXHI pPaHW YTBOPHUBCA LIUIBHHK (iOpHHO-
TKAaHUHHUHI cTpyn. BiH BuKOHye ponb «Oioyoriu-
HOI mpoOKM», 3axXWIla€e paHy Big 3a0pyIHEHb 1
MTOIIKO/DKEHb. 3arO€HHSA paH I CTPYIIOM BimOy-
BAETHCS 32 THIIOM TICPBUHHOTO i BTOPWHHOTO Ha-
TATY, TOOTO MPOXOMATh yci (a3 paHEBOro Ipo-
1ecy, 1 micias emitajizamii cTpyn Bimropraerbes. Jlo
BIATOPTHEHHS CTPyIa MPO 3MiHY IUIOMI TIOBEPXHIi
paHl MOXKHA CYTUTH TUIBKU 32 IIBHIKICTIO 3MEHILCH-
HS HOro po3MipiB y pe3ysbTari MiJICMXaHHS 1 4acT-
koBoi pe3opOuii. Lle mosicHioe, YoMy y TBapuH
BCix rpyn g0 7-i moOM He BHABISIIMCA CTaTHC-
TUYHI BiIMIHHOCTI y 1wiomi panu (puc. 3). Y rpymi
2 Ha 7-y noOy micisi HaHeCEHHsS TPaBMH CIOCTepi-
raBcs II0YaTOK BIATOPTHEHHS CTpyIa, a Ha 11-Ty 100y
Bi10yBasIoCst HOTo ITOBHE BiATOPTHEHHS.

and 2 showed an increase in surface area
by 6.3 and 4.6%, respectively, and the sur-
face area in group 3 remained unchanged
(Fig. 3).

To day 7 after injury, the visual observa-
tions in rats revealed the wound healing to proceed
by sequestration type, i. e. a dense fibrin-tissue
scab was formed on the wound surface. It acted as
a ‘biological plug’ and protected the wound from
contamination and injury. The wound healing
under the scab occurred by primary and secondary
intensions, i. e. all the phases of wound process
took place, and the scab rejected after epithelia-
lization. Before rejection, the change in the wound
surface area could be judged only by the rate
of scab size reduction resulted from drying and
partial resorption. This explains the fact why no
statistical differences in wound area were revealed
until day 7 in animals of all the groups (Fig. 3).
To day 7 after injury, the group 2 showed
the beginning of scab rejection, and it was comple-
tely rejected to day 11.

To day 14 after injury, the differences in burn
wound healing between groups 1-3 were more
pronounced (Fig. 4). The wound size decreased,
and a thick scab remained somewhere. Analysis
of macrophotos showed that 60% of control
animals had a thick scab with protruding hair
shafts at the lesion site. The scab, raised above the
wound was preserved in
animals of group 3, but its
shedding was observed in
50% of animals. After scab
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rejection, a wet wound
surface of pink and bright
red colour was seen in 50%
of animals from group 2.
The cell migration across
the wound surface was
facilitated due to absence
of hard and thick scab.
When determining the
change in the burn surface
area using the planimetric
method, to day 14 after
* a burn injury the area of
damaged site in the group 1

1 3 7 14

TepmiH ekcrniepuMeHTy, foba

Time of experiment, day

Puc. 3. [lnHamika pereHepadii onikoBOi paHu: O — KOHTPOIib, M — fiKyBaHHSA
— nikyBaHHs mMa33i0 «JleBoMeKonby;
* — BiIAMIHHOCTI 3Ha4yLWi BiAHOCHO KOHTponto, p = 0,05.

Fig. 3. Dynamics of burn wound regeneration: O — control, m — therapy with
— treatment with Levomekol ointment.
* — differences are significant relative to the control, p = 0.05.

ElMJ 3 kpiokoHCepBOBaHOI MNaUeHTH,

cryopreserved placenta-derived HPEs,
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21 28 animals was found to be
(85.6£5.2)%; it significantly
decreased and made (70.0 +
+ 1.2)% in group 2; it was
(80.2 £ 4.2)% in group 3
(see Fig. 3).

In group 1 of rats, the bum
wound self-cleaning from
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Puc. 4. NMoBepxHs onikoBoi paHu Ha 14-y noby nicnsa oniky: A — KOHTponbHa rpyna, B — nicna nikysaHHsa ENMJ 3

KpioKOHCepBOBaHOI nnaueHTu, C — nicna nikyBaHHA Ma33to «JleBomekonby. JliHia macwTtadby — 1 cwm.

Fig. 4. Burn wound surface to day 14 after a burn injury: A — control group, B — after therapy with cryopreserved
placenta-derived HPEs, C — after treatment with Levomekol ointment. Scale bar is 1 cm.

Ha 14-y no0y micns HaHeceHHS TpaBMH Bil-
MIHHOCTI B 3arO€HHI OINIKOBUX PaH MDK Tpylnamu
1-3 Oynm Oinbm BupaxeHi (puc. 4). Posmipu pan
3MEHIIIIITUCS, MICISIMH 30€piraBcsi TOBCTHH CTPYIL
Amnamiz makpodororpadiii mokazas, mo y 60%
KOHTPOJIbHUX TBapWH Ha MICIl YpaKEHHS 3al-
IaBCcsl TOBCTUH CTPYN 3 BHUCTYMAIOYAMH BOJOCS-
HAMH CTPIKHSAMHU. Y TBapuH Tpynu 3 30epiras-
cs MOHATHI Hax paHoio cTpym, a y 50% TBapun
crioctepiranocs ioro Biamaminas. Y 50% TBapuH
Ipynu 2 micisl BIITOPTHEHHS CTpyMNa BiIKpHBajacs
paHoOBa MOKHYyYa IOBEPXHS POXKEBOIO 1 SICKpaBO-
YEepBOHOTO KOJIBOPY. Y BIACYTHOCTI TBepAOro W
TOBCTOTO CTpyNa Mirpamis KJIiTHH IO HOBEXHI paH
OyJ1a ImoJiermeHa.

3a pe3yabTaTaMyu BU3HAYCHHS 3MiHHU TUTOIII OTIKO-
BOI MOBEPXHI IJIAHIMETPUYHUM CIIOCOOOM BCTaHOB-
JICHO, 110 Ha 14-Ty 100y Iiclis HAaHECCHHS OIIKY
IJIOIIA TPaBMOBAHOI NUISTHKY TBapWH Tpymu 1 cKia-
nama (85,6 = 5,2)%; rpynu 2 — 3HadyIle 3MEHIIH-
macsi 1 cranoBuna (70,0 £ 1,2)%; rpymu 3 — (80,2 +
+4,2)% (ouB. puc. 3).

VY urypiB rpynu 1 camocTiliHE OYMIICHHS OIiKO-
BOI paHM BiJ HEKpPOTMYHMX TKaHWH BiOyBamocs Ha
20-21 no0y. Ha mux cTpokax cekBecTparlisi paHH CIIOC-
Tepiranacst i B rpymi 3. I'panymsuiiina TkanuHa Oyna
TEMHO-YEPBOHOTO 1 TEMHO-KOPUYHEBOTO KOJIbO-
Py, HepiBHa 10 Kpasix i Oyrpucta. Ha crerni y 50%
IIypiB BHUSABISUIOCS YTBOPCHHS CIPO-CHHIOIITHHUX
pyOIliB pi3HOTO po3Mipy. Y IIypiB Trpymu 2 TpaHy-
JAiHHA TKaHWHA Oynna cyxa, TiIajmka, BiJ] CBITJIO-
KOPUYHEBOTO JI0 YEPBOHOTO KOIBOPY, B JAEIKHX MiC-
X TigHIMazacs Haa piBHEM MIKIpH, a MO Kpasx
3’SIBIUIMCSI O3HAKW CIMTeNi3amii paHd 1 yTBOPEHHS
pyOLiB pi3HOrO PO3Mipy Ta KOJIBOPY (BiJ POXKEBOTO
IO CHHIONTHOTO) (puc. 5).

Ilim dWac mocmiIKEHHS 3MIiHHM TIOBEPXHI pPaHU
BEIMKE 3HA4YCHHS Mae He aOCONIOTHA, a BigHOC-
Ha TUTOILIa TpaBMHM (BUpaXkKeHa Y BiJCOTKax A0 BCiel
IUIOII MOBEpXHi Tina). PesynmsraTh aHamizy JaHWX
MOKa3aly, IO CIIBBIAHOMIEHHS IUIONII pPaHH 10
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necrotic tissues occurred to days 20-21. During
these periods, the group 3 demonstrated the
sequestration as well. Granulation tissue was dark
red and dark brown, uneven at edges and bumpy.
Grey-bluish scars of various sizes were observed
on the thigh in 50% of rats. In group 2 of rats,
the granulation tissue was dry, smooth, from
light brown to red in colour, somewhere ele-
vated from the skin, and the signs of wound
epithelization and scar formation of different sizes
and colours (from pink to bluish) appeared at
the edges (Fig. 5).

When studying the changes in wound surface,
not the absolute, but relative area of the injury
(expressed as a percentage of the entire body surface
area) is of great importance. Results of data ana-
lysis showed that to day 21 the ratio of wound area
to the total body surface area in animals of group 2
was 3 times lower than in group 1 (Table).

By day 28 after burn injury in groups 1 and
3, the wounds were oval and eclongated, with
granulation tissue and exfoliating edges, and
with the scar formation. In group 2, 60% of ani-
mals had restoration of hair cover and comp-
lete healing of burn wound due to marginal
epithelization with formation of a soft, narrow, ob-
long scar of pink colour, which preceded the
regeneration processes of group 1 (see Fig. 3).

To day 28 after a burn injury, the hair cover
restored in 60% of group 2 rats and a burn wound
was completely healed due to marginal epitheli-
zation with formation of a soft, narrow, elongated
scar of pink colour, which preceded regenerative
processes in other groups (Fig. 6).

After injury, skin regeneration is affected by
various growth factors such as: transforming
growth factor B, platelet-derived, connective tissue,
epidermal, and vascular endothelial growth fac-
tors [17]. They are involved in formation of granu-
lation tissue, i. e. proliferation, chemotaxis, col-
lagen synthesis, transdifferentiation and angioge-

151

[



i paHn Ha 21-y goby nicnsa oniky: A — KoHTponbHa rpyna, B — nicns nikysanHa ENMJ 3
KpiokoHCepBOBaHOI nnaueHTn, C — nicns nikyBaHHA mMa33to «JleBomekonb». JliHia macwTtaby — 1 cm.

Fig. 5. Burn wound surface to day 21 after a burn injury: A — control group, B — after therapy with cryopreserved
placenta-derived HPEs, C — after treatment with Levomekol ointment. Scale bar is 1 cm.

Puc. 5. lNoBepxHA onikoso

3arajibHOl TUIOINI TIOBEPXHI TiJla TBAPWH Tpynu 2
Ha 21-y 100y Oyno B 3 pa3u MeHIIIe OPiBHSHO 3 TPY-
moto 1 (tabnuis).

Jo 28-i mobu micis HaHEeCEHHS OIMIKOBOI TPaBMHU
B rpynax 1 i 3 paHM Manu OBaJbHY i BUJIOBKEHY
dopMy, 3 TPaHYIAIHHOI TKAHHHOKI Ta KpasMH,
SIKi BiJUTYIIYBAJIMCS, Ta 3 YTBOPEHHSAM pyOIst. Y mry-
piB rpymu 2 (60%) BigOyBasiocsi BiJHOBICHHS BOJIO-
CSIHOTO TOKPHBY 1 TIOBHE 3ar'O€HHS OIKOBOI paHu 3a
PaxyHOK KpaioBoOi emiTalizailii 3 yTBOPEHHSIM M’ KO-
0, By3bKOTO, JOBIaCTOTO PYOIs POKEBOTO KOIBOPY,
O BWIIEPEKAE pereHepalliiii npomecu rpynu 1
(muB. puc. 3).

Ha 28-y no0y micns omiky y 60% mniypiB rpynu
2 BimOyBanoOCs BiJHOBJICHHS BOJIOCSHOTO TOKPOBY
1 MOBHE 3arO€HHS OIIKOBOI PaHM 3a paXyHOK Kpaio-
BOi emiTemnmi3alii, 3 yTBOPIOBaHHAM M’SIKOTO, BYy3bKO-
r0, TMPOAOBTYBATOTO0 PYyOLs POKEBOTO KOJNBOPY, IO
BUIIEpeKae pereHepauiiHi mporecyu B iHIIAX TPy-
nax (puc. 6).

nesis/neovascularization. Human placenta extract
has a wide range of growth factors [18, 32], that
may be crucial in their wound-healing effect.
When using the placenta extracts in therapy
of a full-thickness skin defect of 8§ mm dia-
meter, made on the back of the mouse using a pinch
biopsy, an accelerated reduction in wound size
as compared with the control group was found
from day 3 to day 9 [15]. As concluded by J.W. Hong
et al. [15], the mechanism of accelerated healing
was associated with an increase in transfor-
ming growth factor-f in the early phase of wound
healing and vascular endothelial growth factor
in the late phase.

Reactive oxygen species play an important
role in wound healing not only in the inflam-
matory phase for disinfection, but also during
other phases, including migration, proliferation
and angiogenesis. However, their excess may

[vHamika 3MiHu NnoLLi onikoBOT paHK No BiAHOLIEHHIO A0 MITOLLi BCIiEi NOBEPXHi Tina TBapwviH, %
Dynamics of changes in burn wound area with respect to that of entire animal body surface, %

pyna TBapuH (n = 8)

TepmiH cnocTepeeHHA, aobu

Observation terms, days

Group of animals (n = 8)
1 7 14 21 28
Kg:;‘:::lb 1,213 = 0,061 1,134 + 0,057 0,890 = 0,045 0,242 = 0,012 0,032 = 0,002
EMN 3 kpiokoHcepBOBaHOT
nnaueHTun *
1,171 + 0,054 1,084 + 0,053 0,723 = 0,041 0,085 = 0,009 0,003 = 0,001
Cryopreserved placenta-
derived HPEs
n
esoMeKons 1,073 + 0,059 1,062 + 0,054 0,814 + 0,036 0,194 + 0,004 0,016 + 0,002
Levomekol

MpwumiTka: * — BigMIHHOCTI 3Ha4yLi BigHOCHO KoHTporio, a = 0,05.
Note: * — differences are significant relative to the control, a = 0.05.
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[Micns mopaHeHHs Ha TMPOLEC BiIHOBICHHS
IIKipH BIUIMBAIOTh Pi3HI (DaKTOpU pPOCTy: TpaHC-
¢dopmytounii akTop pocTy-f, MOXiIHUHA BiJ TPOM-
OOIMTIB, CHOJYYHOTKAHWHHUM, €MiJIepMaTbHUN Ta
¢axrop pocry cymuHHOTO eHpotenito [21]. 1li dak-
TOpH OepyTh y4acThb y (GOpMYyBaHHI TpaHYISIIHHOT
TKaHWHHU, TOOTO y mpoiideparlii, XeMOTaKCHCI, CHH-
Te3i KoJlareHy, TpancauepeHiiianii Ta anriorenesi /
HEOBacKylsipu3allii. EKCTpakT TUIalleHTH JIIOJWHH
Ma€ MIMPOKUH crekTp ¢akTopiB pocty [22, 35],
II0 MOXKE BiJirpaBaTé BaXJMBY pOJb B iX paHO3a-
roroBanbHiM fii. [lig uwac JikyBaHHS eKCTpaKTaMH
IUTaEeHTH JAe(eKTy IUKIpH TMOBHOI TOBLIMHHU Jia-
METpoM 8 MM, SKUi Oylio 3poOJICHO Ha CITMHI MUIII
3a JIOTIOMOTOI0 IMUMKOBOI OiOMCii, HPUCKOpEHHS

Puc. 6. lNMoBepxHsa onikoBoi paHu Ha 28-y goby nicna oniky: A — KoHTponbHa rpyna, B — nicna nikyBaHHSA

induce oxidative stress, resulting in cell apoptosis
in surrounding tissues and disrupted redox signal-
ling [21]. A high level of preserved antioxidant
properties of HPEs after placenta storage at
—196°C for 6 months [35, 36] can significantly
promote the wound healing acceleration. In addi-
tion, as reported by N.D. Palanker et al. [31] the
placental material, in particular HPEs, exerts

antimicrobial activity via bacterial biofilm distruc-
tion.

C. Mukherjee et al. [24] discovered the laminin in
HPEs, which was purified and tested for its role in
cell migration, differentiation, and wound healing.
In the model of wounds, obtained by sterile for-
ceps biopsy (5 mm diameter), the induction of

ETMJ 3 kpiokoHcepBoBaHoOi NnaueHT, C — nicnsa nikyBaHHA ma3s3sto «JleBoMmekonby. JliHia macwTtaby — 1 cm.

Fig. 6. Burn wound surface to day 28 after a burn injury: A — control group, B — after therapy with cryo-
preserved placenta-derived HPEs, C — after treatment with Levomekol ointment. Scale bar is 1 cm.

3MEHIICHHS PO3MIpYy paHH HOPIBHSIHO 3 KOHTPOIb-
HOIO TPYHOIo BUsBIEHO 3 3-9-i nobu [19]. 3a Buc-
HoBkoM J.W. Hong Tta cmiBabr. [19], MexaHi3M nipu-
CKOPEHHSI 3arOFOBaHHS TOB’SI3aHUN 31 301JIbIICHHIM
Tpanchopmyrouoro (dakTopa pocTy-f Ha paHHIH
¢a3i 3aroeHHs paH Ta (akropa poCTy CYIUHHOTO
SHJIOTETI0 Ha Mi3Hii da3i.

AKTUBHI (OpMH KHCHIO BIIIIPalOTh BaXITUBY
pOIb Yy PaHO3arorOBaIbHOMY TIPOIECI HE TUIBKU
IiJ] 9ac 3amanbHol (a3 i ne3iHdexIrii, ane i mpo-
TATOM iHIIUX (a3 3 ypaxyBaHHSIM Mirparii, mpoJi-
(epamii Ta anrioreHesy. OmHaK X HaJJIWIIOK BUK-
JIMKa€ OKUCHIOBAJIHUN CTpEC, L0 MPU3BOAUTH 110
aromnTo3y KIITHH Yy TPWICDIMX TKaHWHAX 1 TOpYy-
IIICHHS OKUCHO-BIIHOBHOI curHamsaiii [25]. Buco-
KHH piBeHb 30€pPEKECHOCTI aHTHOKCHJAHTHHUX BJIAC-
tuBocteit EITJI micnmst 30epiraHHs TUTANGHTH TIPH
—196 °C nporsirom 6 micsuiB [3, 4] Moxke 3HAYHO
CIPHUATH NPUCKOPEHHIO 3aroeHHs paH. Kpim Toro,
y po6oti N.D. Palanker ta criBaBr. [34] BigmiuaeTs-
csl, MO IUTalleHTapHUM Matepian, 3okpema i EILJI,
YUHUTH aHTHUMIKpOOHY Ai0, pyiHYyIoun OakTepialib-
Hy O10ILTIBKY.
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cell migration and rat fibroblast motility were
shown as enhanced by placental laminin. Induc-
tion of re-epithelialization and angiogenesis
via cell proliferation and adhesion was obser-
ved in the wound area. The rate of wound healing
in the presence of placental laminin was accelerated
[24].

Thus, the biologically active substances within
the cryopreserved placenta-derived extract posi-
tively affect the reparative process in the III-B
degree skin burn experiment in laboratory ani-
mals. In particular, the use of HPEs prevents the
formation of pronounced inflammatory oedema
and purulent exudate at the injury site. During
comparative study of wound healing rates with
no therapy and with administering HPEs, even
to day 7 after injury, the differences in the
form of accelerated rejection of necrotic scab were
observed. The application of HPEs resulted in
early terms of granulation tissue formation, an
increased rate of marginal epithelialization, and a
complete healing of affected animal skin area
with a soft and elastic scar, thus testifying to a sti-
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Y po6orti C. Mukherjee Ta cmiBaBr. [28] Oyi10 BUsB-
neno naminin B EITJL, sikuii ouniryBanu i Bu3Ha9amm
Horo pons y KIITHHHIA Mirpauii, qudepenuianii ta
3arocHHi pad. Ha Momeni OTpUMaHUX CTEPHIIb-
HOIO IIWIKOBOIO Oiorciero (miameTrp 5 MMm) paH
MOKa3aHo, IO IHAYKINS KIITHHHOI Mirparii Ta
pyxiuBicTE (iOpoOIACTIiB  IIypiB ITOCHIIOBAJIACS
IJIalieHTapHUM  JIaMiHiHOM. Ha  mingHIli  panun
CIIOCTEpIraay IHAYKIIO peemiTem3alii Ta aH-
rioreHedy NOUSIXOM KIITHHHOI mpornidepanii Ta
aaresii. IlIBMAKICTH 3aro€HHs paH y TPUCYT-
HOCTI IUIALIEHTApHOIO JIaMiHiHy Oyja NIpUCKOpeHa
[28].

TakuM uyuHOM, OIONOTIYHO aKTHBHI PEYOBHHH,
MO MICTATECA B EKCTPAaKTI 3 KPIOKOHCEPBO-
BaHOI TIIJIAIICHTH, MO3WTHUBHO BIUTUBAIOTH Ha pe-
MapaTuBHUN TPOIEC B EKCIIEPUMEHTI OITIKOBOTO
ymkomkenHs mkipu III-b  crymens y mabopa-
TOPHMX TBapwH. 30Kpema, Bukopuctanas EILJI
MEepeNKo/Kae (POPMYBaHHIO BUPAKEHOTO 3amalib-
HOTO HAOpsAKy Ha MicIi TpaBMH Ta THIHHOTO
excymary. Ilix dYac mMOpIBHSUIIBHOTO JOCIIKCHHS
TEMIIIB 3aro€HHS paH 3a BIICYTHOCTI Tepamii i 3a
ymoB BBesenHs EINJ  Bim3HaueHO BigMIHHOCTI
Yy BHUIJSAI TPUCKOPEHHS BiITOPTHEHHS HEKPOTHY-
HOTO CTpyla BXe Ha 7-y noOy micisi HaHeCEHHs
TpaBMH. 3actocyBaHHa EIIJl nmpuBomute 10
paHHIX TepMiHIB  (OpMyBaHHS  TpaHYIALIHHOI
TKaHWHM, TPUCKOPEHHS TEMIIIB KpaioBoi ermiTa-
Ji3amii Ta TOBHOTO 3arO€HHS YPaKEHOI TiTSTHKA
IIKIpH TBapwH 3 M SKAM 1 €JaCTHYHHUM pPyOIEeM,
IO CBIAYWTH MPO CTUMYIIOIOYHHA BIUIMB €KCTPAKTY
3 KpIOKOHCEpPBOBAHOI IUIAIICHTH Ha pemapariio
HIKipH.

BucHoBku

Takum uuHOM, 30CpiraHHs IUIAIICHTH MPO-
TaroM 6 wicsamie npu —20°C  mpu3BOAMTH 0
MOBHOI BTPaTH NPOTH3AMalbHOI aKTUBHOCTI EKCT-
pakTiB, IO TMOKa3aHO Ha KIITHHHUX MOJAEISIX
TEPMOIeMOJIi3y EPUTPOLMUTIB 1 arperaiiii TpomOo-
nutiB, a mpu —80°C — 10 dYacTKOBOi. 3aBIAKH
KpiokoHCepByBaHHIO (—196°C) mpoTaroM ycboro tep-
MiHy 30epiraeTtbcsi 0i0JIOriYHA AaKTHBHICTh ILjIa-
[IEHTH, 1 EeKCTPakTH 3 Hei MaloTh BHUCOKY IIpPO-
TH3aNajibHy Ta PaHO3arolOBajbHY C(QEKTUBHICTD.
[licns  yikyBaHHS EKCTPAKTOM 3 KpPIOKOHCEPBO-
BaHOI IUIAIICHTHU IUIONIA OMIKOBUX paH Ha 14-y nmo-
Oy Oyna 3Hauyle HWKYOIO, HIX MPH TPaguLiiHOMY
TepaneBTUYHOMY JiKyBaHHi. LIIBHAKICTE 3aroeHHs
OITIKOBOTO YIITKO/DKEHHS MKipu Ha 21-y m00y Oy-
Ja y 3 pasw BUINA HIK Y KOHTPOJIi 32 YMOB JIKY-
BaHHS CKCTPAaKTOM, OTPHMaHWUM TIiCis 30epiraHHs
IIareHTH 3a Temmeparypu —196°C nmpotsrom 6 mics-
IiB.
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mulating effect of the cryopreserved placenta-
derived extract on skin repair.

Conclusions

Thus, the placenta storage for 6 months at
-20°C led to a complete loss of anti-inflam-
matory activity of the extracts, but to a partial one
at —80°C, as shown in cell models of erythrocyte
thermohemolysis and platelet aggregation. Due to
cryopreservation (—196°C), the placental biological
activity was preserved within the entire term,
and its extracts had the high anti-inflammatory and
wound-healing efficiency. To day 14 of therapy
with cryopreserved placenta extract, the area of
burn wounds was significantly lower than du-
ring traditional therapy. To day 21, the healing
rate of skin burn injury was 3 times higher
if treated with the extract obtained after
placenta storage at —196°C for 6 months than in the
control.

References

1. Alkadi KAA, Adam A, Muhammadtaha MH, et al. Antiplatelet
aggregation activity of 5-hydroxyflavone, 2'- hydroxyflavanone,
paeonol and bergenin isolated from stem bark of Garcinia
malaccensis in human whole blood. Orient J Chem. 2013;
29(3): 871-5.

2. Anosike CA, Obidoa O, Ezeanyika LU. Membrane stabilization
as a mechanism of the anti-inflammatory activity of methanol
extract of garden egg (Solanum aethiopicum). DARU
J Pharm Sci. 2012 Nov 14 [cited June 15 2021]; 20(1): 76.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3556049/

3. Banerjee KK, Bishayee A, Chatterjee M. Anti-inflammatory
effect of human placental extract: a biochemical mechanistic
approach. Riv Eur Sci Med Farmacol. 1992; 14(6): 361—
6.

4. Banerjee KK, Bishayee A, Chatterjee M. Role of human
placental extract on succinic dehydrogenase activity in
carrageenin-induced edema in rats in vivo and its effect on
erythrocyte lysis, platelet aggregation and trypsin activity
in vitro. Indian J Physiol Pharmacol. 1994; 38(2): 121-
4.

5. Bezhin Al, Pankrusheva TA, Grigoryan AY, et al. Miramis-
tinum and metronidazole in the local treatment of the
experimental purulent wounds. RJPBCS. 2014; 5(4): 1677—
85.

6. Bhadoriya SS, Mishra V, Raut S, et al. Anti-inflam-
matory and antinociceptive activities of a hydroethanolic
extract of Tamarindus indica leaves. Sci Pharm. 2012; 80(3):
685-700.

7. Biswas TK, Auddy B, Bhattacharya NP, et al.
healing activity of human placental extract in

Wound
rats.

npobnemu Kpiobionorii i KpiomeanUMHN

problems of cryobiology and cryomedicine
Tom/volume 32, Ne/issue 2, 2022



Jlitepatypa

1. HapoxHun CB, PosaHoBa K[, Bobposa OM, Hapgig OA. AH-
TUOKCUAAHTHA Ta aHTMpaauKanbHa Ais eKCTPaKTiB i3 KPIOKOH-
cepBOBaHOI NnaueHTn noguHu. Mpobnemn kpiobionorii i Kpio-
meguumHn. 2018; 28(4): 323-32.

2. Moroxux OH, Po3zaHosa E[l, Hapaug OA. VameHeHne cBolcTB
BOAHO-COMNEBbIX 3KCTPAKTOB MNIaLleHTbl Yenoseka B npoLecce
HM3KoTemnepaTypHOro xpaHeHusi. [pobnemsl Kprobuonorum.
2008; 18(1): 22-6.

3. PosaHosa CIl1, HaymeHnko €, Hapain EO. Bnnue HuabkoTeM-
nepaTypHoro 36epiraHHsi Ta 0OpobK/ ynbTpa3BykOM NnaLeH-
TV Ha aHTUOKCUAAHTHI BMacTMBOCTI i ekcTpakTiB. [pobnemu
kpiobionorii i kpiomegnuuHun. 2015; 25(3): 255-66.

4. PosaHoBa CJ1, PosaHoBa E[], Hapang OA, KapneHko BI. AH-
TUOKCMAAHTHAs aKTUBHOCTb 3KCTPAKTOB NMaueHTbl Nocne HKU3-
KOTEMMNepaTypHOro 1 rmnoTepMmnYeckoro xpaHeHus. Npobnemsl
kpuobuonorum. 2011; 21(3): 291-300.

5. Alkadi KAA, Adam A, Muhammadtaha MH, et al. Antiplatelet
aggregation activity of 5-hydroxyflavone, 2’- hydroxyflavanone,
paeonol and bergenin isolated from stem bark of Garcinia
malaccensis in human whole blood. Orient J Chem. 2013;
29(3): 871-5.

6. Anosike CA, Obidoa O, Ezeanyika LU. Membrane stabilization
as a mechanism of the anti-inflammatory activity of methanol
extract of garden egg (Solanum aethiopicum). DARU J
Pharm Sci. 2012 Nov 14 [cited June 15 2021]; 20(1): 76.
Available  from:  https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3556049/

7. Banerjee KK, Bishayee A, Chatterjee M. Role of human placental
extract on succinic dehydrogenase activity in carrageenin-
induced edema in rats in vivo and its effect on erythrocyte lysis,
platelet aggregation and trypsin activity in vitro. Indian J Physiol
Pharmacol. 1994; 38(2): 121-4.

8. Banerjee KK, Bishayee A, Chatterjee M. Anti-inflammatory
effect of human placental extract: a biochemical mechanistic
approach. Riv Eur Sci Med Farmacol. 1992; 14(6): 361-6.

9. Bezhin Al, Pankrusheva TA, Grigoryan AY, et al. Miramistinum
and metronidazole in the local treatment of the experimental
purulent wounds. RJPBCS. 2014; 5(4): 1677-85.

10.Bhadoriya SS, Mishra V, Raut S, et al. Anti-Inflammatory
and antinociceptive activities of a hydroethanolic extract of
Tamarindus indica leaves. Sci Pharm. 2012; 80(3): 685-700.

11.Biswas TK, Auddy B, Bhattacharya NP, et al. Wound healing
activity of human placental extract in rats. Acta Pharmacologica
Sinica. 2001; 22(12): 1113-6.

12.Bougandoura A, D’Abrosca B, Ameddah S, et al. Chemical
constituents and in vitro anti-inflammatory activity of Cistanche
violacea Desf. (Orobanchaceae) extract. Fitoterapia. 2016;
109(2): 248-53.

13.Bynum JA, Taylor AS, Peltier GC, et al. Evaluation of adenosine,
lidocaine, and magnesium for enhancement of platelet function
during storage. J Trauma Acute Care Surg. 2017; 83(1): S9-S15.

14.Chakraborty PD, De D, Bandyopadhyay S, Bhattacharyya D.
Human aqueous placental extract as a wound healer. J Wound
Care. 2009; 18(11): 462—7.

15.Chang AC, Dearman B, Greenwood JE. A comparison of wound
area measurement techniques: visitrak versus photography.
Eplasty. [Internet]. 2011 Apr 18; [cited June 15 2021]; 11:
e18. Available from: https://www.hmpgloballearningnetwork.
com/site/eplasty/comparison-wound-area-measurement-
techniques-visitrak-versus-photography

16.Choi JS, Kim JD, Yoon HS, Cho YW. Full-thickness
skin  wound healing wusing human placenta-derived
extracellular matrix containing bioactive molecules. Tissue
Eng. Part A. 2013; 19(3-4): 329-39.

17.Ding F, Deng H, Du Y, et al. Emerging chitin and chitosan
nanofibrous materials for biomedical applications. Nanoscale.
2014; 6: 9477-93.

18.Gilpin DA. Calculation of a new Meeh constant and experimen-
tal determination of burn size. Burns. 1996; 22(8): 607-11.

npobnemu Kpiobionorii i KpiomeanUHNU
problems of cryobiology and cryomedicine

Tom/volume 32, N/issue 2,2022

Acta 1113—
6.

8. Bougandoura A, D’Abrosca B, Ameddah S, et al. Chemical
constituents and in vitro anti-inflammatory activity of Cistanche
violacea Desf. (Orobanchaceae) extract. Fitoterapia. 2016;
109(2): 248-53.

9. Bynum JA, Taylor AS, Peltier GC, et al. Evaluation of
adenosine, lidocaine, and magnesium for enhancement
of platelet function during storage. J Trauma Acute Care
Surg. 2017; 83(1): S9-S15.

10.Chakraborty PD, De D, Bandyopadhyay S, Bhattacharyya
D. Human aqueous placental extract as a wound healer. J
Wound Care. 2009; 18(11): 462-7.

11.Chang AC, Dearman B, Greenwood JE. A comparison
of wound area measurement techniques: visitrak versus
photography. Eplasty. [Internet]. 2011 Apr 18 [cited
June 15 2021]; 11: e18. Available from: https://www.
hmpgloballearningnetwork.com/site/eplasty/comparison-
wound-area-measurement-techniques-visitrak-versus-
photography

12.Choi JS, Kim JD, Yoon HS, Cho YW. Full-thickness
skin  wound healing using human placenta-derived
extracellular matrix containing bioactive molecules. Tissue
Eng. Part A. 2013; 19(3-4): 329-39.

13.Ding F, Deng H, Du Y, et al. Emerging chitin and chitosan
nanofibrous materials for biomedical applications. Nanoscale.
2014; 6: 9477-93.

14.Gilpin DA. Calculation of a new Meeh constant and expe-
rimental determination of burn size. Burns. 1996; 22(8): 607—
1.

15.Hong JW, Lee WJ, Hahn SB, et al. The effect of human
placenta extract in a wound healing model. Ann Plast Surg.
2010; 65(1): 96—100.

16.Jazayeri MH, Barzaman K, Nedaeinia R, et al. Human
placental extract attenuates neurological symptoms in the
experimental autoimmune encephalomyelitis model of
multiple sclerosis — a putative approach in MS disease? Auto
Immun Highlights. [Internet]. 2020 Oct 4 [cited June 15 2021];
11(1):  14. Available from: https://autoimmunhighlights.
biomedcentral.com/articles/10.1186/s13317-020-
00137-x

17.Jimi S, Kimura M, Francesco FD, et al. Acceleration me-
chanisms of skin wound healing by autologous micrograft in
mice. Int J Mol Sci. [Internet]. 2017 Aug 2 [cited June 10 2021];
18(8): 1675. Available from: https://www.mdpi.com/1422-
0067/18/8/1675/htm

18.Joshi MG, Kshersagar J, Desai SR, Sharma S. Antiviral
properties of placental growth factors: A novel therapeutic
approach for COVID-19 treatment. Placenta. 2020; 99:
117-30.

19.Katkurwar A, Chaudhari D, Mahale S, et al. Human placental
extract a miracle that heals the wound faster. J Oral Res Rev.
2021; 13(1): 1-5.

20.Kottke-Marchant K, Corcoran G. The laboratory diagnosis of
platelet disorders: an algorithmic approach. Arch Pathol Lab
Med. 2002. 126: 133-46.

21.Kurahashi T, Fujii J. Roles of antioxidative enzymes in wound
healing. J Dev Biol. 2015; 3: 57-70.

22.Mao Y, Singh-Varma A, Hoffman T, et al. The effect
of cryopreserved human placental tissues on biofiim for-
mation of wound-associated pathogen. J Funct Biomater.
[Internet]. 2018 Jan 8 [cited June 14 2021]; 9(1): 3.
Available from: https://www.mdpi.com/2079-4983/9/
1/3/htm

23.Meijer K, Vonk RJ, Priebe MG, Roelofsen H. Cell-
based screening assay for anti-inflammatory activity of
bioactive compounds. Food Chem. 2015: 166: 158-
64.

24 Mukherjee C, Saleem S, Das S, et al. Human placental
laminin: Role in neuronal differentiation, cell adhesion and

Pharmacologica Sinica. 2001; 22(12):

155

@%



19.Hong JW, Lee WJ, Hahn SB, et al. The effect of human placenta
extract in a wound healing model. Ann Plast Surg. 2010; 65(1):
96-100.

20.Jazayeri MH, Barzaman K, Nedaeinia R, et al. Human
placental extract attenuates neurological symptoms in the
experimental autoimmune encephalomyelitis model of
multiple sclerosis — a putative approach in MS disease? Auto
Immun Highlights. [Internet]. 2020 Oct 4 [cited June 15 2021];
11(1): 14. Available from: https://autoimmunhighlights.
biomedcentral.com/articles/10.1186/s13317-020-00137-x

21.Jimi S, Kimura M, Francesco FD, et al. Acceleration mechanisms
of skin wound healing by autologous micrograft in mice. Int
J Mol Sci. [Internet]. 2017 Aug 2 [cited June 10 2021]; 18(8):
1675. Available from: https://www.mdpi.com/1422-0067/18/8/1675/
htm

22.Joshi MG, Kshersagar J, Desai SR, Sharma S. Antiviral
properties of placental growth factors: A novel therapeutic
approach for COVID-19 treatment. Placenta. 2020; 99: 117-30.

23.Katkurwar A, Chaudhari D, Mahale S, et al. Human placental
extract a miracle that heals the wound faster. J Oral Res Rev.
2021; 13(1): 1-5.

24 .Kottke-Marchant K, Corcoran G. The laboratory diagnosis of
platelet disorders: an algorithmic approach. Arch Pathol Lab
Med. 2002. 126: 133—46.

25.Kurahashi T, Fujii J. Roles of antioxidative enzymes in wound
healing. J Dev Biol. 2015; 3: 57-70.

26.Mao Y, Singh-Varma A, Hoffman T, et al. The effect of
cryopreserved human placental tissues on biofilm formation of
wound-associated pathogen. J Funct Biomater. [Internet]. 2018
Jan 8 [cited June 14 2021]; 9(1): 3. Available from: https://www.
mdpi.com/2079-4983/9/1/3/htm

27.Meijer K, Vonk RJ, Priebe MG, Roelofsen H. Cell-based
screening assay for anti-inflammatory activity of bioactive
compounds. Food Chem. 2015: 166: 158-64.

28.Mukherjee C, Saleem S, Das S, et al. Human placental laminin:
Role in neuronal differentiation, cell adhesion and proliferation.
J Biosci. [Internet]. 2020 July 2 [cited June 14 2021]; 45: 93.
Available from: https://www.ias.ac.in/article/fulltext/jbsc/045/0093

29.Nagae M, Nagata M, Teramoto M, et al. Effect of porcine
placenta extract supplement on skin condition in healthy
adult women: a randomized, double-blind placebo-controlled
study. Nutrients. [Internet]. 2020 June 4 [cited June 10 2021];
12(6): 1671. Available from: https://www.mdpi.com/2072-
6643/12/6/1671/htm

30.Nakamura H, Yokoyama Y, Motoyoshi S, et al. Effect of a
nonsteroidal anti-inflammatory agent, tolmetin sodium on
exudative inflammation in experimental animals. Nippon
Yakurigaku Zasshi. 1979; 75(5): 447-58.

31.Nardid OA, Repina SV, Rozanova ED, et al. Properties of
aqueous-saline human placental extracts and their fractions
after storage of placenta at various subzero temperatures. J
Exp Integr Med. 2015; 5(4): 172—7.

32.Nath S, Bhattacharyya D. Cell adhesion by aqueous extract of
human placenta used as wound healer. Indian J Exp Biol. 2007;
45(8): 732-8.

33.0koli CO, Akah PA, Onuoha NJ, et al. Acanthus montanus:
an experimental evaluation of the antimicrobial, anti-
inflammatory and immunological properties of a traditional
remedy for furuncles. BMC Complement Altern Med. [Internet].
2008 June 6 [cited June 11 2021]; 8: 27. Available from:
https://bmccomplementmedtherapies.biomedcentral.com/
articles/10.1186/1472-6882-8-27

34.Palanker ND, Lee CT, Weltman RL, et al. Antimicrobial efficacy
assessment of human derived composite amnion-chorion
membrane. Sci Rep. [Internet]. 2019 Oct 30 [cited June 8 2021];
9: 15600. Available from: https://www.nature.com/articles/
s41598-019-52150-4

35.Pan SY, Chan MKS, Wong MBF, et al. Placental therapy: an
insight to their biological and therapeutic properties. J Med
Therap. 2017; 1(3): 1-6.

156

Siha
VT

proliferation. J Biosci. [Internet]. 2020 July 2 [cited June 14
2021]; 45: 93. Available from: https://www.ias.ac.in/article/
fulltext/jbsc/045/0093

25.Nagae M, Nagata M, Teramoto M, et al. Effect of porcine
placenta extract supplement on skin condition in healthy
adult women: a randomized, double-blind placebo-
controlled study. Nutrients. [Internet]. 2020 June 4
[cited June 10 2021]; 12(6): 1671. Available from: https:
/lwww.mdpi.com/2072-6643/12/6/167 1/htm

26.Nakamura H, Yokoyama Y, Motoyoshi S, et al. Effect
of a nonsteroidal anti-inflammatory agent, tolmetin
sodium on exudative inflammation in experimental
animals. Nippon Yakurigaku Zasshi. 1979; 75(5): 447-58.

27.Nardid OA, Repina SV, Rozanova ED, et al. Properties
of aqueous-saline human placental extracts and their
fractions after storage of placenta at various subzero
temperatures. J Exp Integr Med. 2015; 5(4): 172—7.

28.Narozhnyi SV, Rozanova KD, Bobrova OM, Nardid OA.
Antioxidant and antiradical effects of extracts derived from
cryopreserved human placenta. Probl Cryobiol Cryomed.
2018; 28(4): 323-32.

29.Nath S, Bhattacharyya D. Cell adhesion by aqueous
extract of human placenta used as wound healer. Indian J Exp
Biol. 2007; 45(8): 732-8.

30.0koli CO, Akah PA, Onuoha NJ, et al. Acanthus

montanus: an experimental evaluation of the antimicrobial,

anti-inflammatory and immunological properties of a tra-

ditional remedy for furuncles. BMC Complement Altern Med.

[Internet]. 2008 June 6 [cited June 11 2021]; 8: 27. Avai-

lable from: https://bmccomplementmedtherapies.

biomedcentral.com/articles/10.1186/1472-6882-

8-27

.Palanker ND, Lee CT, Weltman RL, et al. Antimicrobial

efficacy assessment of human derived composite

amnion-chorion membrane. Sci Rep. [Internet]. 2019

Oct 30 [cited June 8 2021]; 9: 15600. Available from:

https://www.nature.com/articles/s41598-019-

52150-4

32.Pan SY, Chan MKS, Wong MBF, et al. Placental therapy: an
insight to their biological and therapeutic properties. J Med
Therap. 2017; 1(3): 1-6.

33.Park H-J, Shim HS, Lee S, et al. Anti-stress effects of human
placenta extract: possible involvement of the oxidative
stress system in rats. BMC Complement Altern Med.
[Internet]. 2018 May 08 [cited June 7 2021]; 18: 149.
Available from: https://bmccomplementmedtherapies.
biomedcentral.com/articles/10.1186/s12906-018-
2193-x

34.Pogozhykh DN, Rozanova ED, Nardid OA. Change of
properties of human placenta aqueous-saline extracts
during low temperature storage. Problems of Cryobiology.
2008; 18(1): 22—6.

35.Rozanova SL, Naumenko Yel, Nardid EO. Influence of low
temperature storage and ultrasonic treatment of placenta
on its extracts antioxidant properties. Probl Cryobiol
Cryomed. 2015; 25(3): 255-66.

36.Rozanova SL, Rozanova ED, Nardid OA, Karpenko VG.
Antioxidant activity of placenta extracts after low temperature
and hypothermic storage. Problems of Cryobiology. 2011;
21(3): 291-300.

37.Sur TK, Biswas TK, Ali L, Mukherjee B. Anti-inflam-
matory and anti-platelet aggregation activity of human
placental extract. Acta Pharmacol Sin. 2003; 24(2): 187-
92.

38.Yesmin S, Paul A, Naz T, et al. Membrane stabilization
as a mechanism of the anti-inflammatory activity of
ethanolic root extract of Choi (Piper chaba). Clin Phytosci.
2020 Aug 27 2020 [cited June 7 2021]; 6: 59. Available
from: https://clinphytoscience.springeropen.com/articles/
10.1186/s40816-020-00207-7

3

-

npobnemu Kpiobionorii i KpiomeanUMHN

problems of cryobiology and cryomedicine
Tom/volume 32, Ne/issue 2, 2022



36.Park H-J, Shim HS, Lee S, et al. Anti-stress effects of human
placenta extract: possible involvement of the oxidative stress
system in rats. BMC Complement Altern Med. [Internet].
2018 May 08 [cited June 7 2021]; 18: 149. Available from:
https://bmccomplementmedtherapies.biomedcentral.com/
articles/10.1186/s12906-018-2193-x

37.Sur TK, Biswas TK, Ali L, Mukherjee B. Anti-inflammatory and
anti-platelet aggregation activity of human placental extract.
Acta Pharmacol Sin. 2003; 24(2): 187-92.

38.Yesmin S, Paul A, Naz T, et al. Membrane stabilization as a
mechanism of the anti-inflammatory activity of ethanolic root
extract of Choi (Piper chaba). Clin Phytosci. 2020 Aug 27
[cited June 7 2021]; 6: 59. Available from: https:/
clinphytoscience.springeropen.com/articles/10.1186/s40816-
020-00207-7

39.Zhang D, Lijuan G, Jingjie L, et al. Cow placenta extract
promotes murine hair growth through enhancing the insulin —
like growth factor-1. Indian J Dermatol. 2011; 56(1): 14-8.

npobnemu Kpiobionorii i KpiomeanUHNU
problems of cryobiology and cryomedicine

Tom/volume 32, N/issue 2,2022

39.Zzhang D, Lijuan G, Jingjie L, et al. Cow placenta extract
promotes murine hair growth through enhancing the insulin-like
growth factor-1. Indian J Dermatol. 2011; 56(1): 14-8.

157



