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Annomauus

Mseecmuo, umo npodyxmuot y60st A6/AIOMCT UCHOUHUKOM 00Tb-
o020 Konuuecmea OUON0UUeCKU AKMUBHDIX Beujecms, 0071d-
datougux pasnuunbimu Ouonoeudeckumu dppexmamu. Ha Ha-
CMOAWULL MOMEHM 6bi671eH0 Nopsoka 220 PyHKUUOHATILHBIX
nenmuoos, OOMLUIUHCINGO U3 KOMOPbLxX cocmosim u3 2-10 amuHo-
KUCTIOMHbIX 0cmamKo6. B 0annom uccnedosanuu usyuena 6uo-
Jl0euteckas akmusHocmy cpeornemonexynaproix (Mm 5-30 xla)
u Huskomonexyniprvix (Mm menee 5 x/a) sewsecms, codepica-
wiuxcs 6 aopme Sus scrofa, ¢ npumereHuem memooos in vitro.
Yemanossneno, umo cpeOHeMONeKynAPHbLE U HUSKOMOJIEKYILAP-
Hble Ppaxyuu, obnadarwm mraxecneyuduueckum oeticmeuem
Ha Op2aHOMUNUYecKUe KyIbiypbl mKaHeil KypuHvlx SMOpUoHo8
U 1a60PAMOPHBIX KPBIC, NPU IMOM HAOI00AECS bIPaNEeHHAS
3a8UCUMOCIL OUOI02UHECKOL AKIMUBHOCII O MOTIEKYIPHOLL
maccot uccredyemvix 0bpasuos. Ilokasaro, umo, Ha sKcnaanma-
Mol aopmol KypuHozo ImMOpuoHa bosee svipasiceHHoe Oelictnaue
0KA3bL8AIOM CPEOHEMONEKYTIAPHDIE PPaKyuU — UHOEKC N0ULA0U
00pasyouLee0cst MOHOCIOA KAemok cocmasun 56,6 £5,2 % (um-
dekc NaoU4A0U MOHOCTIOS NpU 006a6IeHUU HUSKOMOTIEKYTISIPHBIX
ppaxyuti cocmasun 37,47 +3,27 %), no omHouieHuo Kk KOHMp-
onvHoIM dKkcnnanmamam. Huskomonexynapuole dpaxuyuu oka-
3618a/IU CIUMYTIUDYIOU4EE BNIUSTHUE HA IKCHTIAHMAMDbL MKAHeL
A0pMbL CMAPEoULUX KPbic — UHOEKC NA0ULA0U NPeBbILUAT 3HAMe-
HUST CpeOHeMONeKYNAPHbIX Ppakyuti bonee uem Ha 30%.

BBegenne

[TpepcraBneHne O NPORYKTaxX >KUBOTHOBOJCTBA,
B YaCTHOCTU, MSICHOM ChIpbe, KaK MCTOYHUKE IIaCTUY-
HBIX CBOJCTB (6€/IKOB, XMPOB, YITIEBOJIOB), MPETEPIIETIO
3HauMTe/IbHble M3MeHeHms. IlocnemHme wmccnemoBaHuA
CBUJETENIbCTBYIOT O COREPXKaHMM B JXVBOTHBIX OeIKax
3HAYNMTE/IbHBIX KOMYECTB aMIHOKUCIOTHBIX IIOC/Iefi0Ba-
TETIBHOCTe1, 00/IaIaloNX Pa3/IMYHBIMU OVIOKOPPUTHPY-
oMy 3¢ dekramn. BpiABIeHO, YTO KypUHDII MUO3WH,
TOBsDKMIT KojUtareH al, cBuHOI TpomoHuH C o6mapaioT
LIMPOKUM CIIEKTPOM aKTUBHOCTelt. Hampumep, rossi-
KU KOJJIareH ol XxapakTepuayeTcs aHTMaMHeCTUIeCKIM,
AQHTUTPOMOOTUYECKUM, VIMMYHOMOAYIUPYOIM 9¢-
(dexTaMy, peryampyer aKTMBHOCTb CIM3UCTON 000/I04-
K JKeTyJKa; KYPUHBII MUO3MH — aHTHOAaKTepyaabHOI
aKTVBHOCTDBIO; TOBSDKUI KO/UIareH al ¥ CBMHON TpPOIO-
uud C — ommoupubiMu cBoiictBamu [1-3]. IlokasaHo,
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Abstract

Slaughter products are good source of bioactive substances with
different biological effects. Nowadays, approximately 220 func-
tional peptides consisting of 2-10 amino acid residues have been
identified. In this study, the biological activity of medium-molecu-
lar-weight substances (5-30 kDa, Mw) and low-molecular-weight
substances (less than 5 kDa, Mw) extracted from aorta of Sus
scrofa were investigated in vitro. Medium-molecular-weight and
low-molecular-weight fractions possessed a tissue specific effect on
organotypic tissue cultures of chicken embryos and laboratory rats.
Biological activity depended on molecular weight. Medium-molec-
ular-weight fractions possessed higher effect on aortas explants of
chicken embryo: area index of cellular monolayer was 56.6+5.2 %
(area index of the monolayer was 37.47+3.27 % for low-molecular-
weight fraction) in comparison with control explants. The low-mo-
lecular-weight fractions stimulated aortic tissues explants of aging
rats — area index exceeded area index formedium-molecular-

weight fractions by more than 30%.

Introduction

Comprehension of livestock products, in particular,
meat raw, as a source of essential nutrients (proteins, fats,
carbohydrates), was significantly changed. In recent stud-
ies animal proteins are claimed as a sourse of amino acid
sequences with different biocorrective effects. It was found
that chicken myosin, beef collagen al and pork troponin
C consisted from a lot of such functional sequences. For
example, beef collagen al is characterized by antiamnesic,
antithrombotic and immunomodulatory effects, regulates
the activity of gastric mucosa; chicken myosin — antibac-
terial activity; beef collagen al and pork troponin C —

opioid properties [1-3]. Myosin light chain enriched se-
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YTO JIeTKas I[ellb MMO3MHa OoraTra ImocaeJoBaTeIbHOCTS-
MU aHTMMUKPOOHOTO IeCTBUS, MONUIENITH] IIOIeped-
HOTIOJIOCATBhIX MBI — KOHHEKTUH — IMeNTUAaMU aH-
TMTp0M60T1/Iqec1<017[, AHTMAMHECTUYECKO, OIMOUIHOIL,
HeJIpONpOTEKTOPHOI, MMMYHOMOJY/IATOPHON, AaHTUOK-
CUJAHTHOM U TUIOTEH3MBHOM aKTUBHOCTSIMM; TOBSIKMUIA,
KYPMHBIN ¥ CBUHOJ aKTVMH OOTaThl IIOC/IeJOBATe/IbHOCTSI-
Mu-uHTHOUTOpaMu aunentuayanentunassl [V. [Tomumo
3TOTO, KOJIJIaTeH U 37aCTVMH COfEPKaT IOC/Ie[0BATEeNbHO-
CTU, Hecylljue olpefie/ieHHble KOPPUTMPYIOLe CBOJICTBA
3a CYeT BBICOKOTO COfiep>KaHNA (PYHKUVMOHA/TBHBIX aMIU-
HOKMC/IOT — I/IMIUHA U nponyHa [4]. CTOUT 0TMeTUTH,
YTO B BBILIENIEPEUNMCIEHHBIX M MPOYMX XMUBOTHBIX Oerl-
KaxX Ha HACTOSILUII MOMEHT upeHTHduimpoBaHo 6oree
220 yHKUIMOHATBHBIX IENTHU/OB, IIPU 9TOM, OOJIBIINH-
CTBO U3 M3y4YEHHBIX IIEITU/IOB COCTOAT He Ooree 4eM 13
2-10 aMMHOKUCIIOTHBIX OCTAaTKOB. IIpu arom, Hanbonee
M3YYEHHBIMM Ha HACTOALIUII MOMEHT SABJIAITCA TUIIO-
TEH3VBHBIE NENTH/Ibl, KOTOPbIE [I0 MEXAHU3MY JeilCTBIUA
TenATCs Ha KOPPEKTOPHI SH/I0TeNMMANIbHBIX KJIeTOK-IIpef-
IIECTBEHHVKOB, PEHMH-AHIMOTEH3MHOBOM CHUCTEMBI 3a
CYeT CHVDKeHMs KOHLIEHTpalWyi PeHUHaA VI VIHTMOUPO-
BaHIA aHTMOTeH3NH-IpeBpamaniero pepmenta (AIID),
a Takke akTuBaTopbl NO-cuHTasel. Hapany ¢ aTum, moka-
3aHO, YTO TMIIOTEH3UBHbBIE TTOCENOBATETBHOCTI BBICBO-
OOXXIAI0TCS IPY TUPO/IN3e MUO3MHOBON TSDKEION el
KypuHOro 0Oefpa M KOJUIareHa, TOBSKbUX CapKOIlIa3Ma-
TUYECKUX Oe/IKOB, CBMHOTO HeOy/nuHa, MUO3MHA (TsKe-
Jasi 1lemb), aKTuHa, TporoHuHa C ¥ TUTHHA, TOBSKbETO,
CBMHOTO ¥ KypMHOTO TpomnoHuHa C cephedHOl MbIIIIIbI
n np. Hampumep, atum 00OOCHOBBIBAeTCs COfiep>KaHue
OUIENTUOB IUIIOTeH3IBHON HAIIPAaBIEHHOCTY B MSCHBIX
LIeIPHOKYCKOBBIX NPOAYKTaX CYXOro mocona. B mccneno-
BaHMAX in vivo Ha SHR MbImax nokasaHo, 4To TUAPOIU-
3aThl IPOAYKTOB 00/1af1atoT 3 (HeKTOM CHIDKEHMS CUCTO-
JINYECKOTO JIaByieHns 1o 50 MM.PT.CT. B TedyeHue 6—8 4yacos
II0C/Ie BHYTPIDKETYIOYHOTO BBe[leHNA B KOMUYECTBE OT
1 o 10 r/xr Beca kpsic [1].

CopepxaHne B MPOAYKTaX WIN ChIpbe TaKUX aMUHO-
KIC/IOT KaK METMOHVH, IPOINH, TUCTULVH, TpUrTodaH,
TUPO3UH, (EeHMTANaHWT M LVUCTENH, MOXKET CBUJETe/Ib-
CTBOBATh O HAIMYUU aHTUOKCUIAHTHBIX menTumoB. [lo-
Ka3aHo, 4TO IIOC/IENOBATENbHOCTY, OOMafarole aHTH-
OKCUIIAHTHBIMM ~CBOVICTBAMU, BBICBOOOXK/AIOTCA TIPU
TU/IpO/IN3€e TOBSDKbMX KOJIareHa al, TpomommuosuHa al,
CapKOIUIa3MaTNYeCKUX OeNKOB Ie4eH), CBUHBIX MIOU-
OpWUIAPHBIX 6€/TKOB, KyPMHOTO OeIKa U TOBSDKbeNl Kpo-
BI. B 4yacTHOCTH, BBISIBJIEHO, YTO CHIPOBS/IEHbIE CBUHBIE
KO/OAachl, B YaCTHOCTH, UCTTaHCKasa «opu3o», KAHTOHCKAs
Kornbaca u xopBaTckoii «IleTpoBaly», B BOZOPacTBOPUMOIL
¢dpaxuyy 6eKOB Ccofep)KaT MHOXECTBO aHTMOKCUIAHT-
HBIX IIENTUHOB [5].

Takum obpasom, pa3paboTKa OMOIOTMYECKN AKTUB-
HBIX MOJy/Iell Ha OCHOBe OMOKOPPUTMPYIONINX eI TH/0B
U3 >KMBOTHOTO CBIpbsI IIyTeM, SIBJIA€TCA BeCbMa aKTY-
AJIbHBIM.

quences with the antimicrobial activity, polypeptide of the
cross-striated muscles (connectin) — peptides with the
antithrombotic, antiamnesic, opioid, neuroprotective, im-
munomodulatory, antioxidant and hypotensive activities;
beef, chicken and pork actin — sequences- inhibitors of
dipeptidyl peptidase IV. In addition, collagen and elastin
contain the sequences with specific corrective properties
due to high content of functional amino acids — glycine
and proline [4]. Nowadays, approximately 220 functional
peptides consisting of 2-10 amino acid residues have been
identified. Hypotensive peptides are the most studied. Ac-
cording to the mechanism of action, hypotensive peptides
are divided into the correctors of endothelial precursor
cells, renin—-angiotensin system due to reduction of the re-
nin concentration or inhibition of the angiotensin-convert-
ing enzyme (ACE) and activators of NO-synthase. More-
over, it was shown that hypotensive sequences are released
during hydrolysis of the myosin heavy chain of chicken
thigh and collagen, beef sarcoplasmic proteins, pork nebu-
lin, myosin (heavy chain), actin, troponin C and titin, as
well as beef, pork and chicken troponin C of the cardiac
muscle and efc. For example, fermentation and autolysis
stimulate enrichment of muscle dry-cured meat products
by dipeptides with the hypotensive activity. In vivo stud-
ies on the SHR mice showed that intragastric administra-
tion of product hydrolysates in a dose of 1 to 10 g/kg body
weight reduced the systolic blood pressure to 50 mm Hg
during 6-8 hours [1].

The content of such amino acids as methionine, pro-
line, histidine, tryptophan, tyrosine, phenylalanyl and cys-
teine in products or meat raw can indicate the presence of
antioxidative peptides. Sequences with antioxidative prop-
erties were released arter hydrolysis of beef collagen al,
tropomyosin al, liver sarcoplasmic proteins, pork myofi-
brillar proteins, chicken protein and beef blood. In partic-
ular, it was revealed that raw air dried pork sausages such
as Spanish Choriso, Canton sausage and Croatian Petrovac
sausage contain many antioxidant peptides in water solu-
ble fraction of proteins [5].

Therefore, development of biolactive modules on the
basis of bio-corrective peptides from animal raw material

is quite acute .
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[IpoBemeHHBIMM paHee WUCCIENOBAHUAMM IIOKa3aHO,
YTO AOPTHI SUs SCrofa ABJIAIOTCA NMEPCIEeKTUBHBIM MCTOY-
HUKOM 0€/lKOBO-IIENTU/IHBIX BeIIeCTB MOJIEKY/LIPHOI
maccoit (Mm) ot 100 x/[Ja mo 10 xJIa, o6namarommx TUIIO0-
MUINAEMUYIECKON, AHTMOKCUIAHTHOM aKTUBHOCTSMMU,
a TaKkXe CIOCOOCTBYIOLIMX BOCCTAHOBJIEHMIO (PYHKIIVIO-
HUPOBaHM 9HJOTENNATBHOTO CJI0SI COCYHOB [6, 7].

Ilep0 AAHHOTO MCCIENOBAHMUSA SBJLSUIOCH M3YyYeHUe
BO3MOXXHOCTY IPYMEHEHNA METOJOB in Vitro A usyde-
HUS OMONIOTMYECKON aKTUBHOCTM CPeSHeMOJIEKY/LIPHBIX
Y HU3KOMOJIEKY/ISIPHBIX BeIleCTB, COAEPXKALINXCS B a0pTe
Sus scrofa.

Marepuanbl 1 METOMbI

O6bekTaMy MCCIE[OBAHNs SBJIANMNCh HU3KOMOJIEKY-
nApHble (MONeKy/IApHasA Macca MeHee 5 k]la) 1 cpeHeMo-
JNeKy/IspHble (MoneKyIspHas Macca ot 5 1o 30 x/la) ynprpa-
GuIbTpaThI A0PTHI SUs scrofa. DKCTPAKT MOTy4YaI IyTeM
9KCTParupoBaHMA M3MEIbYeHHBIX A0PT B U30TOHIYECKOM
¢dusnonornueckom pactsope (0,9% pacTBOp HaTpusA XJI0-
puna) Ha 1abOPAaTOPHON [AUCHEPIUPYIOLel YCTaHOBKe
(JTabotexc, Poccus) B Teuenne 24 4 ipu 600 06/MuH, TeM-
neparype (2-5) °C, npy COOTHOIIEHNN ChIPbe: 9KCTPAreHT
1:5; oTHeneHne HEPACTBOPUMOIO OCATKa IPOBOAVIIN IIY-
TeM LeHTpudyruposanns Ha nentpudyre CM-6M (Elmi,
Benmukobpurannsi) B TedeHue 8 MuH npu 3500 06/MuH.
[TonyueHne ynpTpaduabTpaToB C BelleCTBAMU MOJIEKY-
nsipHoit maccoit Metee 5 klla (YO < 5x]/Ia) n ot 5 1o 30 x/la
(YO5-30k/la) npousBoammm nyteM QppakiOHUPOBAHUA
aKcTpakTa Ha ycraHoBke Vivaflow 200 (Sartorius, Tep-
MaHUA) C MCHOMb30BaHNeM MeMOpaH U3 MOoMuCynbdoHa
¢ puametpoM nop 30x[la u 5 x[la. [lomy4eHHble yabTpa-
¢ubTpaThl XpaHWIN npu Temreparype munyc (40)°C.
KoHueHTpanuio 6enka B 9KCTpaKTax U yabTpaduabTpa-
Tax ONpefe/syIM OMypPeTOBBIM MeTOfioM Ha (oTomeTpe
BioChem SA (HTI, CIIIA).

VccnepoBanne OMONIOrMYECKOl AKTUBHOCTHU IIONY-
YeHHBIX 00pasIOB IPOBOAMIN Ha SKCIUIAHTATaX TKaHel
cepaua (n=40) u cocynos (n=40) 10-5HEBHBIX KYPUHBIX
9MOPMOHOB I IKCIUTAHTATaX TKaHel aopTel (n=30) crape-
IOLIVX Tab0PaTOPHBIX KpbIc-caMIioB muHuyu Wistar (450-
500 r). KyprHble 5MOPMOHBI IIOZTy4aIu IIyTeM UHKYOMpo-
Banus suy B ycnoBusix CO> — nuky6aropa (Lamsystems,
Poccust) npu 38,5°C B yBIa)XKHEHHON aTMOocdepe 1 KOH-
LeHTpalMell yITeKucnoro rasa 5 %. Boimenenue ¢par-
MEHTOB TKaHell (9KCIUIAHTAaTOB) M BCe MaHMITY/ISALNN
IPOBOAWIN B YCIOBUAX aCeNTUKNM B JTAMUHApHOM OOKce
(Lamsystems, Poccns).

OxkcrmmanTarbl (okonmo 1 Mm?) momemanu B YallKu
ITerpu ¢ komnarenoBbIM HokpbiTHeM (Thermo Fisher Sci-
entific, CIIIA), nakybupoBanmu 5-7 muH npu 37°C pus
IPUKpeIIeHNs 9KCIUIAHTATOB, 3aTeM [00aBIIAIM INTA-
TE/IbHYIO CPefly C BHECEHHBIMU MCCTIEyeMbIMI 0Opasiia-
Mu B kKoHUeHTpanuu 100 ur/mn. IlutatenpHas cpega mna
9KCIUIAHTAaTOB TKaHEell KYPMHOTO 3MOpUOHA cofiepkaza
35 % pactBopa Vrma, 25 % deTanbHOI CBIBOPOTKY TeleH-

Previous studies have shown that Sus scrofa aortas are
source of proteins and peptides with molecular weight
(Mw) of 100 kDa to 10 kDa with hypolipidemic and anti-
oxidant activities, as well as stimulating of recovery of en-
dothelial layer in blood vessels [6, 7].

The aim of the study was to evaluate the possibility of in
vitro methods implementation for investigation of the bio-
logical activity of the medium-molecular-weight and low-

molecular-weight substances contained in Sus scrofa aorta.

Materials and methods

Objects were low-molecular-weight (less than 5 kDa,
Mw) and medium-molecular-weight (5-30 kDa, Mw)
ultrafiltrates of Sus scrofa aorta. Minced aortas were ex-
tracted by isotonic physiological solution (0.9% NaCl so-
lution) on a laboratory dispersing equipment (Labotex,
Russia) for 24 hours at 600 rpm, temperature of 2-5°C
and ratio of raw material:extractive agent 1:5. Insoluble
residue was separated by centrifugation on a centrifuge
CM-6M (Elmi, UK) for 8 min at 3500 rpm. The ultrafil-
trates with molecular weight less than 5 kDa (UF <5 kDa)
and 5 to 30 kDa (UF 5-30 kDa) were obtained by frac-
tionation on a Vivaflow 200 (Sartorius, Germany) using
PES membranes with 30 kDa and 5 kDa pore diameters.
Obtained ultrafiltrates were stored at a temperature of
-40°C. A protein concentration in extract and ultrafil-
trates was determined by biuret method on BioChem SA
analyzer (HTI, USA).

The biological activity was studied on explants of the
cardiac (n=40) and vessel (n=40) tissues of 10-day old
chicken embryos and on explants of the aortic tissues
(n=30) of aging laboratory male Wistar rats (450-500 g).
Chicken embryos were obtained by incubation of eggs in
CO, incubator (Lamsystems, Russia) at 38.5°C in wetted
atmosphere and 5% CO, concentration. Isolation of tissue
fragments (explants) and all manipulations were carried
out in aseptic conditions in a laminar box (Lamsystems,
Russia).

The explants (about 1 mm?®) were transferred into Pe-
tri dishes coated with collagen (Thermo Fisher Scientific,
USA) and incubated for 5-7 min at 37°C for explant ad-
hesion. Then, a culture medium with samples was added
in a concentration of 100 ng/ml. The culture medium for
the explants of the chicken embryo tissues contained 35%
of Eagle solution, 25 % of fetal calf serum, 35 % of Hanks’

solution, 5 % of chicken embryo extract, 0.6 % of glucose,
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Ka, 35 % pacTBopa XeHKca, 5 % KypMHOTO SMOPMOHA/Ib-
HOTO 3KcTpakTa, 0,6 % rmokos3bl, 0,5 en/M/n1 MHCYNMHa,
100 en/mn 6eH3UIT — NEHUIWUINHA, 2 MM INIIoTaMMHa.
[InTarenpHas cpefa i SKCIZIAHTATOB TKaHeil KPBIC CO-
crosna us 35 % cpenpl Vrima, 35 % pactBopa XeHKca, 25 %
¢deTanbHOI ObIYbEt CBIBOPOTKY 1 5 % KypUHOTO aMOpu-
OHAJIPHOTO 3KCTpaKTa. VIHKyOMpOBaHHNUE KCIUIAHTATOB
nposoaun B ycnousax CO® — unky6aropa (Lamsystems,
Poccus) B Tedenne 48 vacos mpu 38,5°C B yB/Ia)KHEHHOI!
atMocdepe 1 KOHI[EHTpaIyel YIIeKICIoro ras3a 5 %.

AHanmm3 610/10TM4YeCKOi aKTMBHOCTY IIPOBOJVIIN C VIC-
HO/b30BaHNeM (Pa30BO-KOHTPACTHOTO VHBEPTUPYEMO-
ro mukpockona (JIOMO, Poccus), nmytem omnpenenenus
nHpekca miomany (MII), KoTopbli pacCYuTBIBAIN, KaK
COOTHOILIEHNE IIOUIA/iM BCETO OSKCIUIAHTATa, BK/IOYas
neprdepuuecKyIo 30Hy pOCTa, K MCXOZHOII I/IOLIA/IN 9KC-
IJTAaHTaTa. 32 YCJIOBHYIO eIVHMILY IUIOLIAAV IPUHUMAIN
KBaJpaT OKY/LIp — CeTKM MMKPOCKOIIA (CTOpOHa KBajipa-
Ta Ipu yBenmueHun 3,5x 10 paBHAmach 150 Mkm). 3Hade-
HuA V11 Bblpaxkanu B IpOLjeHTaX, KOHTPOJIbHOE 3HaYeHIe
UII npuanmanm 3a 100 % [8]. Kontpomem cry>xmm akc-
IUIAHTAThl, MHKYOMpPOBaHHBIE B IMTATebHOI cpefie, 6e3
mo6aBieHnst 06pasIoB MCCIE[OBAHNUS

s pacyeroB ucnonb3osany nporpammy STATISTICA
10, pe3ynbTaThl IpeficTaB/IeHbI B Bl «B3BelleHHOe cpefi-
Hee 3HaYeHue + CtangaptHoe oTK/IOHeHue» (M +m). Cra-
TUCTUYECKAsA [JOCTOBEPHOCTh — OJHONApaMeTPUYECKUM
ANOVA rectoM. B kauecTBe 3HaUNMOT0 ypOBHS BbIOpaHa
BepoATHOCTD 0.05.

PesynpraTsl u 06CyXKIeHme

AHanmu3 9KCIUIAaHTaTOB TKaHel KYPUHBIX 3MOpHo-
HOB U KpbIC Yepe3 24 Jaca II0CjIe Hadajla Ky/IbTUBIPOBa-
HVSI B IIATATENbHON Cpefie ¢ foOaBIeHeM MCCTIeNyeMBbIX
00pasioB, MMoKasan pacIylacTeiBaHue (pparMeHTOB TKa-
Hell aOPTHI ¥ CepAlia Ha KOJTATEHOBOJI TIOMIOXKKE 1 IIep-
BUYHOE BbICe/IeHNe MepudeprdecKoil 30HbI SKCIIAHTATA.

O61mensBecTHO, uTO QopMupoBaHue mnepudepude-
CKOJ1 30HBI 9KCIUIAHTATOB 3aBUCUT OT HposndepaTus-
HBIX, MUTPALIVIOHHBIX 11 a/iTe3VBHBIX CBOJICTB Pa3/IMYHBIX
TUIIOB K/IeTOK [9]. B manHOM paboTe yuTeH CyMMapHBIN
3¢ eKT 9TUX MPOLIeCCOB, BBIPAKEHHBIX B pasMepax ¢op-
MMPYIOILEICA 30HDI BBICEIAIOIINXCS KIIETOK.

Yepes 48 vacoB KyIbTUBMPOBaHMA 3SKCIJIAHTAaTOB
KYPUHBIX 5MOPMOHOB OTMEYEHbI BBIPAKEHHBIE 30HBI —
LleHTpajbHasl, IpPEACTaBIeHHAs HEMUTPUPYIOLUMU
IUVIOTHO PAcCIONIOKEHHBIMIU KJIeTKaMu, U mepudepude-
CKUII MOHOCION, (GOPMUPYOIMIICS MUTPUPYIOLIVMMA
U nponudepupyomUMy KIeTKaMI. BbIABIEHBI OTYeT-
JIMBble VM3MEHEHNUA POCTa KJIETOK IOfi BIUAHUEM JIC-
CIelyeMbIX BelleCTB Oe/NKOBOJ IPMPOABI, IPEAIONO-
JKUTE/IbHO ITIOKAa3bIBAIOIIVe HANPABICHHOCTD JEVCTBUA
uccnenyemsix 06pasnos. IIpu aTOM OTMeYeHO, YTO MH-
JIeKChI IUIOI[A/iM 9KCIUIAHTATOB TKaHel CepALia U a0pThI
KypUMHOTO 3MOpMOHa Ipy f00aBIeHMM VCCIERYeMbIX
o6pasios 66N pa3nuyHbl. [JJob6aBieHNe cpeTHEMOIEKY-

0.5 units/mL of insulin, 100 units/mL of benzylpenicillin,
2 mM of glutamine. The culture medium for rat tissues ex-
plants consisted of 35% of Eagle solution, 35 % of Hanks’
solution, 25 % of fetal bovine serum and 5 % of chicken
embryo extract. Incubation of the explants was carried
out in CO, incubator (Lamsystems, Russia) for 48 hours at
38.5°C in a wetted atmosphere and 5% CO, concentration.

An analysis of the biological activity was carried out on
inverted phase contrast microscope (LOMO, Russia) by
determining an area index (AI), which was calculated as
a ratio of the area of the whole explant including the pe-
ripheral growth zone to the initial area of the explant. The
square of the grid reticle of a microscope (a square side at
magnification of 3.5x10 was equal to 150 um) was taken as
reference unit. The values of AI were calculated in percent-
ages; the control value of AT was assumed to be 100 % [8].
The explants incubated in the culture medium without
adding the test samples were a control.

STATISTICA 10 program was used for calculation, the
results were presented as weighted mean + standard de-
viation (M+m). Statistical significance was determined by
one-way ANOVA-test. The probability value (p-value) of

0.05 was chosen as a significance level.

Results and discussions

Explants of the chicken embryo and rat tissues were-
analyzed after 24 hours of cultivation in a culture medium
with addition of the test samples. The spreading of aortic
and cardiac tissues fragments on a collagen substrate was
observed as well as peripheral zone primary expulsion of
the explant.

Formation of explant peripheral zone depends on the
proliferative, migratory and adhesive properties of differ-
ent cell types [9]. Therefore the sum effect of these pro-
cesses expressed in forming square zone of expulsed cells
was taken into account.

After 48 hours two zones in cultivated chicken tissue
explants were observed: the central zone was formed by
non-migrating densely arranged cells and the peripheral
monolayer was formed by migrating and proliferating
cells. Test substances consisting of proteins and peptides
enhanced cell growth , presumably, due to its tissue speci-
ficity. Moreover, it was noticed that area indices of car-
diac and aortic tissues explants of chicken embryos with
addition of the test samples were different. Addition of

UF 5-30 kDa in concentration of 100 ng/ml stimulated
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JIIPHBIX YIBTPAQIUIBTPATOB 9KCTPAKTA A0PTHI Sus scrofa
B KoHLeHTpanuu 100 HI/MJI CTUMYIMPOBANIO POCT 3KC-
IUVIAHTATOB Cep/lia KypUHBIX 9MOp1OHOB Ha 31,6 +5,4 %,
aopTel — Ha 56,6+52 %, (p=0,05) cOOTBETCTBEHHO.
ITpn po6aBneHNN B NUTATENbHYIO Cpey HU3KOMOJIEKY-
NApHBIX (pakiuii, HaOTO[ANIOCh JOCTOBEPHOE BbI3BI-
Bayio nosbiieHue VIl skcmmanTatoB Ha 28,6 £5,01 %
u 37,47 £ 3,27 %, coorBeTcTBeHHO (PucyHok 1).

the growth of tissue explants of chicken embryo heart by
31.6 £5.4 %, while aorta — by 56.6 +5.2 %, (p<0.05). Ad-
dition of UF <5 kDa caused a significant increase in Al of
explants by 28.6 +5.01 % and 37.47 £3.27 %, respectively
(Fig. 1).

Addition of test samples to aortic tissues of aging rats
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Figure 1. Influence of test samples in a concentration of 100 ng/ml on expulsed cells growth in cardiac and aortic tissues of chicken embryos.
On the x-axis: samples numbers; on the x-axis : AI, %. Legend: 1 — control; 2,4 — UF 5-30 kDa; 3, 5 — UF <5 kDa.

Puc. 1. BrusiHue uccnenyeMbix 06pasiioB B KoHIeHTpanuy 100 HI/M/T Ha POCT BBICETAIIINXCA KIIETOK B 30HE POCTA KYIbTYPBI TKAH CePALia M
aopThl KypuHoro smbpuoHa. ITo ocu x — HaumeHoBaHue 06pasyos; no ocu y — MII, %. YcoBHble 0603HauyenHys: 1 — KOHTpOIb; 2, 4 — cpep-
HeMOJIeKy/sApHble ybTpadmnbrparsl (5-30 kla); 3, 5 — HUSKOMONEKy/LApHbIe yIbTpagubTparsl (MeHee 5 K/a).

VccnepoBanns Ha parMeHTax TKaHeN aOpTHI cTape-
IOIMX KPBIC IOKA3a/IM IIPOTUBONOIOXKHYIO JUHAMUKY —
HauOOJIbIleil OMONIOIMYECKO aKTMBHOCTBIO OOIamanmu
HI3KOMOJIEKY/LIpHBbIe (Ppakiuy, cofeprKaliye BellecTBa
MOJIEKY/IAPHOI Maccoil MeHee 5 kJla. 9TO BbIpaXkanoch
B 0ojlee MHTEHCUBHOI CTUMY/ALMY POCTa MOHOC/IOSA
knetok — MWII npu po6aBneHMM HUSKOMONEKY/ISIPHBIX
yIbTpadu/IbTPaTOB yBeMMUYMBANICA Ha 26,2+2,5%, mpu
Io6aB/IeHNN CPeHEeMOIEKY/IIPHBIX — Ha 17,6 +3,96%, 1o
CpaBHEHNUIO ¢ KOHTPO/MbHbIMU 3HaueHusiMu (Tabmmua 1).

ITony4yeHHble JaHHBIE CBUIETE/ILCTBYIOT O BO3MOYKHO-
CTU IpUMEHEHMsI METOJOB in Vitro s uaydeHus 6mosno-
TMYeCKOJ aKTUBHOCTY 0€/IKOBO-TIENTHIHBIX KOMIIIEKCOB,
BBIJIE/ICHHBIX 13 aOpThI Sus scrofa. Ilpy aToM oTMedeHo,
4TO OOHapy>KeHHasA OMONIOrndecKas akTMBHOCTD 3aBUCUT
OT MOJIEKY/ISIPHOJ MaccChl BeljecTB. Tak, cpefHeMOoseKy-

showed opposite dynamic: the highest biological activity
was observed in UF <5 kDa. UF <5 kDa more intensively
stimulated growth of cell monolayer compared to the control
values. Addition of UF <5 kDa increased Al by 26.2+2.5 %
while UF 5-30 kDa — by 17.6 +3,96 % (Table 1).

Revealed data confirmed the possibility of in vitro
methods implementation for investigation of biological ac-
tivity of protein-peptide complexes derived from Sus scro-
fa aorta. Moreover, it was noticed that observed biologi-
cal activity depended on molecular weight of substances.
Thus, medium-molecular-weight fraction (5-30 kDa, Mw)
stimulated the growth of aortas tissue explants of chicken

embryo on 50 % higher than the low-molecular-weight

Table 1. Influence of test samples on growth of aortic tissue explants of aging rats
Ta6muua 1. Biusnue ncciegyeMpIx 06pa3ioB Ha POCT IKCITIAHTATOB TKaHeIl A0PTHI CTaPEIOIINX KPBIC

Sample |
M (mean) | M (cp. 3Hau.)
UF 5-30 kDa | Y@ 5-30 x[Ia 117.600
UF <5kDa | Y® <5 k/la 126.200*

AL % | VITI, %

m (standard deviation) | SE (standard error) |
m (CTHJI. OTKIL. ) SE (cTHp. ommoKa)
3.96 1.294
2.513 0.649

* — significant difference from UF 5-30 kDa (P<0.05). | * — mocroBepHoe ormmyue ot YO 5-30 k[la (P<0,05).
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napHas ¢pakuna (Mm 5-30 x/la) cTumynupoBana pocT
9KCIUIAHTATOB TKaHell a0PThbI KYPUHBIX 9MOPUOHOB 6osiee
4eM Ha 50% aKTUBHee, 4eM HU3KOMOJIEKY/IAPHAs PpaKIis
(Mwm menee 5 x/1a). [Tpu aToM BeipakeHHBIX 3G (HeKTOB Ha
(dparMeHTBI CepAlla KypMHOrO 3MOpPMOHA He BBLAB/ICHO.
OTMedeHO, 4TO HU3KOMOJIEKY/IApHass ppakuys obnajana
6oree BBIPRKEHHBIM 3P PEeKTOM Ha IKCIUIAHTAThl TKaHel
aopThI cTaperomux Kpoic — V1T mpeBbiran 3HaYeHMe 9KC-
IJIAHTAaTOB, MHKYOMPYeMBbIX ¢ ZOOaB/IeHNEM CpefjHeMOJIe-
Ky/IApHbIX ppakumii, 1o 30 %. CTOUT OTMETUTD, YTO IPU
CTapeHMN MPONCXOAAT pasINYHble ISMEHEHNsI, XapaKTe-
PU3YIOLIeCs CHIDKeHNeM OMOoCuMHTe3a 0elKOB, peryss-
TOPHBIX IENTUIOB B COOTBETCTBYIOLVX OpraHax U TKa-
HAX, HAPYLIEHVS B3aVIMOJIEVICTBUA «PETYIATOP-MUIICHb»
u npoyee. [loryyeHHbIe JaHHBIE CBUAETENbCTBYIOT O BO3-
MO>XHOCTH VICHIO/Tb30BaHNA YIbTPaQUIbTPATOB B KAUeCT-
Be PETryIATOPOB IOMEOCTa3a, BK/IOYAs MEKK/IEeTOUHBIN
CUTHAJIVHI, YTO OTKPBIBAeT BO3MOXXHOCTY JIa/IbHENIIIEro
UICCTIeIOBAaHNS BBIJICTICHHBIX BeIIeCTB, VX pasfie/ieHus
U M3YYEHUS MOJIEKYIAPHO-OMOTIOTMYECKOTO0 MeXaHM3Ma
JIeCTBUSA.

BreiBog b1

B pesynbraTe mccnegoBaHuA Nnoka3aHa BO3MOXKHOCTD
IpYMeHEeHNI MeTOJIOB in vitro Ijid u3ydeHus O6monornde-
CKOJ1 aKTMBHOCTM ¥ HATIPaB/IEHHOCTH IEVICTBUS OETKOBO-
HEeNTUIHBIX BElleCTB, BbIIE/ICHHbIX U3 aOpThI Sus scrofa.

Vccnepyemble 0Opasipl OKasblBalIM BBIpaKEHHOE
B/IVIAAHNE Ha Pa3BUTHE VM POCT SKCIIAHTATOB TKaHEN Ky-
PVHBIX SMOPMOHOB 1 CTapeIOIINX KPbIC B 3aBUCHMOCTH
OT MIX MOJIEKY/IAPHOI Macchl. Tak, cpelHeMOIeKyAApHbIe
¢dbpakiuu, copepskamie BemjecTBa Maccoit 5-30 x/la,
OKa3bIBAIOT BBIPKEHHBINT Ouomorndeckuit apdexr Ha
9KCIIAHTATBl A0PTHI KYPUHOro sMOpuoHa (yBenn4yusas
MHJEKC IJI0IaAy 9KCIUIAHTATOB Ha 56,6 £ 5,2 %, 110 cpas-
HEHMIO C KOHTPOJIbHBIMIU 3HaueHMAMN). Huskomorneky-
NApHBle PpaKIVM, COfepiKalye BelecTBa MeHee 5 k/la,
HaIpOTUB, OKa3biBamyu Oojee BBIPAKEHHOE CTUMYIINU-
pymolee [ieficTBMe Ha SKCIIAHTATbhl A0PThI CTapeIoLnX
Kkpbic — VIII mpeBbIIIas MoKasaTenu CpefHEMONEKYAP-
HBIX ppakiuii 6onee yeM Ha 30%.

fraction (less than 5 kDa, Mw). However, both medium
and low-molecular-weight fractions did not intensively
influence on heart fragments of chicken embryo. It was
observed that low-molecular-weight fraction significantly
affected on aortas tissue explants of aging rat: AI was on
30 % higher compared with medium-molecular-weight
fraction. Aging is traditionally associated with different
changes such as decrease in protein and regulatory pep-
tides biosynthesis in corresponding organs and tissues, as
well as with disorder in «regulator-target» interaction and
others. Obtained data confirmed the possibility of ultra-
filtrates application as regulators of homeostasis includ-
ing intercellular signaling. Nevertheless, further research
of isolated substances and its separation are nessesary for

explanation of molecular biological mechanism of action.

Conclusion

Obtained result confirmed the possibility of in vitro
methods implementation for investigation of biological
activity and tissue specificity of protein-peptide substances
derived from Sus scrofa aorta.

Test samples influenced on proliferation and growth
of tissue explants of chicken embryos and aging rats. Ob-
served effects depended on molecular weight of fractions.
Thus, medium-molecular-weight fractions containing the
substances with molecular weight of 5-30 kDa predomi-
nantly stimulated the growth of aortas explants of chicken
embryo (AI of explants increased by 56.6 + 5.2 % compared
with control values), while low-molecular-weight fractions
containing the substances with molecular weight low than
5 kDa more primarily stimulated the growth of aortic ex-
plants of aging rats: AI was more than 30% than in medi-

um-molecular-weight fraction.
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