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IIpuMeHeHre ruApoIM3aTa PHIOHOTO JIACTHHA
NJis1 yerJieHust nmposaugepanun ¢udopood1acToB, CHHTE3a B HAX 3JIACTHHA
U YJIyUYIICHHUSI COCTOSTHUS KOKH YeJI0BEeKAa

Pe3rome

AKTVYAJIbHOCTb MCCIIENOBAHMA. CornacHo pesyapTaTaM HEJAaBHO IMPOBEACHHBIX
UCCJIEIOBAaHUM, HEKOTOpBIE MENTUAbl 3HAUUTEIBHO YJIYYIIAIOT COCTOSIHUE KOXKH 30POBOM KEHIIMHBI,
HOBBIIIAIOT €€ TACTUYHOCTh M CcOJepKaHue B Hell Biaru. llenbro naHHOrO HcciaeqoBaHHs ObUIO
U3y4yeHHe BO3ACUCTBUS THAPOIM3aTa 3JacTUHA Ha KOXKY YesoBeka. [Iponudepanuio u cUHTE3 31acTUHA
olleHUBAJIM B (uOpoOIAcCTaxX KOXKHU UYeIOBEKa B JaOOPATOPHBIX YCIOBHSIX TOCIE BO3IEHCTBHS HAa HUX
ruaponn3ara 3aactuHa u nposwnriniuHa (Pro-Gly), conepikainerocst B KpoBH YelioBeKa MoCIIe mpreMa
BHYTpPb THAPOJIN3aTa 3JacTHHA. Tarke ObUIO IMPOBEICHO HCCIEIOBAaHHUE HA JIOJAX C IETIbI0 OLIEHKH
COCTOSIHUS KOXKM T10CJIE NIEPOPAJILHOTO NIPUEMA I'MIPOIN3aTa dJaCTHHA.

PE3VJIbTATBI. Ilpumenenue ruaponusara odmactuHa u Pro-Gly mossoisier  ycwiuth
nponmudepanuto  (GuOpodIACTOB M CHHTE3 dSIacTUHA. MaKCHMalbHO BBIPOKCHHAS  PEAKIIHS
nponuepanuy HabmOAaNach mpu KoHueHTparuu Pro-Gly pasmoit 25 mr/mn?. TIpu mepopambsHOM
npueMe TUJpOoJiM3aTa 3JacTUHA YIYYLIMJIOCh COCTOSIHHE KOXKH, ITOBBICHJIACH €€ 3IIACTUYHOCTD,
COKPaTHJIOCh KOJMYECTBO MOPIIMH, U YCUIWIACh HUPKYJSALUSA KpoBU. B akcnepuMeHTanbHOU rpyrmne
rocjie IpueMa T'MIpoJu3aTa 3JacTHHA 3JIACTUYHOCTh KOKM yBenuuwiachk Ha 4%, B TO BpeMs Kak B
rpymnne mianedo MoBbILIEHUE OKA3ATEeNsl 3ACTUYHOCTH KOXKU COCTABUJIO TOJIBKO 2%.

3AKJIFOYEHUE. Takum o0pa3zoMm, THAPOJIM3AT 3JAaCTHMHA aKTUBUPYET (UOPOOIACTBl KOXKHU
YyesioBeKa 1 0JaroTBOPHO BIIMSAET HA COCTOSIHUE KOXKMU.

KioueBblie ¢j10Ba: 37aCcTUH; THAPOJIM3AT d1acTUHA; PrUOpPOOIACTHI; KOXKA

BBEJAEHUE

DnacTUyecKre BOJOKHA MPECTABIAIOT CO00M BaKHbIE KOMIIOHEHThI BHEKIIETOUHOTO MAaTPUKCa U
COCTOSIT U3 JIByX OCHOBHBIX KOMIIOHEHTOB: MHUKPOGUOpUIUT U 37acTHHA. MHKpoGUOpHILIBI OoraTh
KHCJIBIMU TJIMKONIPOTCHMHAMHM W OPTaHWU30BaHbl B (pUOpMILTBI pasmMepoM 8—16 HM, HATIOMUHAIOIIUE
OycuHkn.! DnmacTWH ABIAETCS OCHOBHBIM OenkoM (>90%) 271acTHUECKHMX BOJOKOH, M OTBEUYAeT 3a
3JIACTHYHOCTH TaKHMX TKAHEH, KaKk Koxa, aopTa, cBsa3ku u nerkue.? TIpoyHOCTh TKaHel Ha pacTsKeHHe
o0ecrieunBaeTCss JJIACTHUCCKUMHM BOJIOKHAMH U KOJUIATCHOM, TAKKE SIBIISIFOIIUMCS — BaYKHBIM
KOMIIOHEHTOM BHCKJICTOYHOI'O ManI/IKca.3'4

DONacTUH M KOJJIareH MrpaloT BAKHYIO pOJb B MOAJEpX)aHUU (HOpMBI U (PYHKIUHM pa3IUIHBIX
opranoB. Ilockonmpky 3TH jaBa Oenka, Kak @paBuWio, paboOTalOT BMeCTe, ObLJIO BBICKa3aHO
NPE/IOIOKEHNE, YTO COOTHOIICHHE MEXJy HHMH BIMSCT Ha MEXaHWYECKHE CBOWCTBA KIIETOK H

- 4-12
TKaHEH.

CornacHo pe3yJibTaTaM MCCIEI0BAHMM, COACpIKAHNE dIIACTHHA B KOXKe cocTaBisieT 2-4% ot Beca
CyXO# O00€3KHpeHHOH KoxH, KolareHa — cebime 70%.1%* Bparomaps mamuumio HeGONBIIOTO
KOJIMYECTBA 3JIACTUHA B KOXKe, 00ecleyrBaeTCsl €€ 3JIACTUYHOCTh M TOBbIIaeTcs Typrop. OaHako B
pesynbTaTe CTapeHHs >IacTUYECKHe BOJNOKHA Pa3spylIaloTcss M B KOHEYHOM HTOTe Hcue3aroT,’® uro
CTaHOBHTCS MPUYUHOMN TOSBICHUS MOPIIMH U OOBUCAHUS KOXKH.

bnaromapst cBoMM yHUMKaIbHBIM (U3NYECKMM U OMOXMMHUYECKMM XapakTepPUCTHUKaM 3JIaCTUH
9acTO WCIIONBb3YeTCd B KOCMETHMKE W Onomarepuanax. PacTBOpHMBIN 351aCcTHH, COJEp)KaIIMCS B
KOCMCTHUKC, IMOBBIIIACT YIPYIrOCTb M SJIACTUYHOCTL KOXH, IpUAaBas en BA3KOYIIPYT'UC CBOMCTBA U
KOMIIEHCHpPYS yTpaTy (II0 Mepe CTapeHHs) COOCTBEHHOTro snacTHHa Koxu.'® Kpome Toro, 6buTo
NPOBEAECHO OO0JbIIOE KOJIMYECTBO NPUKIATHBIX HCCIEIOBAHUM IO MPUMEHEHHI0 OHOMaTepHaloB,



CoACpKaUX 3JIaCTUH, AT CO3MaHUA HCKYCCTBCHHOﬁ KOKH, KPOBCHOCHBIX COCYIOB U CBS30K. 1720 B

OTIIMYME OT DJIACTHUHA, KOJUIAreH CTaJM HCIOJIb30BaTh B KOCMETHKE M OWOMarepuasax HaMHOTO
paHpIlle W H3y4aTh €ro BO3CHWCTBHE HA YEIOBEUSCKUI OpraHM3M NpU NEPOPATLHOM IpHEME
4yenoBeKoM. [Ipuem ruaponmsara KoJulareHa MO3BOJIUI YBEJIMYUTH COJAEPKAHHWE BJIArM B KOXKE Y
3/I0pPOBBIX JKEHIMH?! M yMEHBIIUTH GOIb B KOJEHHHIX CyCTaBaX y MAIMEHTOB C OCTEOAapTPUTOM.?
Iocne npuema®® maruenTamMu MENTHAOB KONUIAreHa, TAKUX Kak MpoJui-ruapokcunpomus (Pro-Hyp),
MOJYYCHHBIX W3 MHIIEBBIX MPOAYKTOB, MX COJCpKaHWE B TEPUPEPUIECKON KPOBU ITOBBIIIATIOCH,
BCJIEJICTBHE 4Yero ObI0O OTMEYEHO YCWiIeHHe pocra (uOpoOIacToOB M CHUHTE3a BHEKJIETOYHOTO
MaTpHKCa, IMEIOIINX MOJIE3HOE BO3/ICHCTBUE HA KOKY.

CrenyeT OTMETHTh, YTO MEXIy 3JIaCTUHOM U aunenTtuaom Pro-Gly cymiectByer aHanoruuHas
cBs3b. Pro-Gly Obu1 oOHapykeH B mepudepruuecKoil KpOBH YeJIOBEKa IMOC/C MEPOPaTbLHOrO MpuemMa
TUApONM3aTa 3JIACTHHA, MOJTYY4EHHOTo M3 phHIOb (mosnocatoro TyHma).?* Kak cienacTsue, cuHTE3
snmactuHa (HuOpoOIIacCTAMKM KOXKH YeIIOBEKa IN Vitr0 ObLT 3HAYMTEIBHO IMOBBIIICH TOCIE JOCTHXKCHHS
Pro-Gly xonmentpamuu B 0,1 — 10 MKT/MJIT B TedeHwe 72-4acOBOTO MHKYOalMOHHOTO nepﬂoz[a.24
HeCMOTpr Ha TO, 4YTO KIIMHHUYCCKHC MCIIBITAHWA Ha JIOAAX CIIC HE IIPOBOANIIMCH, HOJ'Iy‘-IeHHI)If/'I
pe3ynbTaT CBUACTENHCTBYET O TOM, 4YTO MEPOPAIbHBIA MPHEM THIPOIM3aTa JJIACTUHA MOXKET
UCTIOJIB30BATHCS JIJIS YITYUIICHHUSI COCTOSTHUSI KOKU YEIOBEKA.

Llenb HACTOSIIErO MCCIESMIOBAHUS 3aKIOYANach B OLICHKE BO3JICHCTBHUS MEPOPATBLHOTO MpUeMa
TUAPONIN3aTa 3JIACTHMHA, TMOJTYYEHHOTO M3 TOJI0CaTOro TyHIA, Ha mponudeparuio ¢GudpobdraacTos,
CHHTE3 B HUX 3JIaCTHHA U 00II[ee COCTOSIHUE KOXKHU YEIOBEKa.

MATEPHAJIbBI U METO/JbI
BosaeiicrBue ruaposausara snactuHa U Pro-Gly na ¢guodpodaacTsl Koxu
l'uoponusam snacmuna

I'mpaponuzar snactuna (1 x[a, cpemHsiss MoyieKyJisspHas Macca) MOJYYWIH W3 apTepuaibHOU
aykoBullbl monocaroro TyHua Katsuwonus pelamis (OxyneoOpasusie, CkymOpuebie, Ilomocarsrii
tyner; K. pelamis) mo meroxy Nakaba u coasm.? Tlonocatsrit Tynen o6uraer B Unaniickom n THxoM
okeaHax psjaoM ¢ TamnanaoM. AprepualibHas TyKOBHIIA IPEICTABISIET cOO0M OpraH, XapakTEepHbIH JIs
pBIO, ¢ OOMBIINM KOJIMUYECTBOM 3JaCTUYECKUX BOJOKOH U TyOKOOOpa3HOM CTPYKTYpOil, onpeenstomnen
CKOPOCTb KPOBOTOKA. AMUHOKHUCIIOTHBII cocTaB ruapoin3ara dnactina (Tadu. 1), ucrnoap30BaHHOTO B
HACTOAIIEM HCCIIEIOBAaHUH, aHAJIOTUYEH COCTaBY PHIOHOTO 3JaCTHHA, MPUMEHEHHOTO B MPEAbIIYLINX
nccienoBanusx.>?® THaponnsar HIacTHHA BBITYCKAETCs ATIOHCKONW KOMIIAHMEH M0l TOPTOBOH MapKoii
Katsuwo Elastin (Hayashikane Sangyo Co., Ltd., Cumonoceku, SImarytu, SInonus).

Xumuueckue npenapamaol

B HacrosiieM HCClIeIOBaHUM HCIIOJIb30BAIM CIICAYIONIMEe XUMHYeCcKHe mnpenapaTel: Pro-Gly
npousBojcTBa Kokusan Kagaku (Tokuo, fmnoHwus), mepBUYHBIC KYJIbTHBUPOBAHHBIC HOPMAIbHBIC
KokHbIe (pubpoOmacter uenoBeka (HK®Y) mnpoussogcrea Takara Bio Inc. (Iura, Snowwus),
moauduumpoBannyto cpeny Mrma Jyms6exkko (MCUJ) u detambhyo Ob1ubio chiBOpoTKy (DBC)
npousBoacTBa Invitrogen (Kapncban, Kamudopuus, CIIA), anTuTena npoTUB TpoOINO3JacTUHA
yenoBeka mpousBogcTBa Cosmo Bio (Tokwmo, Smonwust), MukponyHounwsri TMB cyOctpar ms
NEPOKCU/IA3bl M KOHBIOTAT TOJMKIOHAIBHBIX AHTUTEN KO3l K HMMYHOIJIOOYJTMHAM KpOJHUKa C
nepokcuaaszoit xpena npoussojactea KPL ([eiitepcoepr, Mapuiena, CIIA), comoOMIn3npoBaHHbIi
SJIACTUH M3 CBSI30K ObIubel mmew mpomsBojacTBa Sigma (Cent-Jlyuc, Muccypu, CIIA), nHaGop nms
omnpenenenus xusHecrocoonoctu kierok (CCK-8) mpoussoactea Dojin Glocal (Kymamoro, Slnonus).
Bce ocranbHble peareHTbl OblIM aHATUTUYECKOM CTENIEHW YMCTOThI WIIN BBILIE.

Iponugpepayus xnemox

HK®Y (ot Tpex no mectu naccaxei), cycnenaupoannsie B MCU/L, copepxameit 10% PBC,



ANTMKBOTUPOBAIH, BBICAIUIN B 96-TyHOUHBIE MIACTUKOBBIE MMKpoMmaHmeTs (3500 kineTok cM?) u
uHKyOupoBasim B armocdepe, coxepxkamendr 5% CO,, mpu 37°C B Tedenme 24 dyacoB. 3arem
KyJbTYypajibHyt0 cpeny 3ameHman Ha 0,5% OBC/MCU/I, 4ToObl MPUBECTH KJISTKH B COCTOSTHHE MOKOSI.
Uepes 24 daca kieTkn 00padoTany THAPOIM3aTOM djacTuHa B koHreHTpauuu 0, 5, 50, 500 u 5000
Hr/MI ! u Pro-Gly B xonmentpamuu 0, 5, 25, 50, 500 u 5000 Hr/™MT L. Uerblpe 1HSA cHycTs
npoiudepanro KIeToK OleHWIu ¢ nomoulbio Habopa CCK-8 myrem ompeneneHHs ONTHYECKOTO
MIOTJIOIICHUS TIPH JTMHE BOTHBI 490 HM.

Cunmes snacmuna 6 HKOY

BosneiictBue ruaponmsara snactuna u Pro-Gly Ha cunTtes snactiHa npoaHanusupoBaiu yepes 4
JHA TIOCIIe Hayala WX TMpuMeHeHus. JlIg OIEeHKM CHHTE3a »JJ1acTHHA IIPOBEIH HW3MEpPEHHST
TPOMORJIACTUHA B 3JIACTUYECKUX BOJIOKHAX, SBIIOMIETOCS OEIKOM-TIPEIIIECTBEHHUKOM 3PEIoro
snacTuHa. KOHLEHTpanuio TpOMod’JacTMHA B Cpelle ONpEeAeiIMiId C TMOMOILIbI TBEpIo(a3HOro
MMMYHO(EPMEHTHOTO aHanu3a 10 MeToxy Prosser u coaem.?’ KammbpoBounas kpuBas Oblia
IOCTPOEHA C HCHOJIb30BAHUEM PACTBOPUMOIO 3JIaCTMHA W3 CBA30K Oblubeil men. PesynbraThl
paccunTany Kak KOJIMYECTBO 3JIACTUHA, CHHTE3UPOBAHHOTO Ha KIIETKY.

Tab6auma 1. AMUHOKHCIOTHBIH cocTaB (ocTatku/1000
OCTaTKOB) FMPOJIM3aTa MIACTHHA, II0JIy4E€HHOTO 13
[10JIOCATOTO TYHIA

AMUHOKHUCIIOTA T HUAPOJIM3aT 3JIaCThUHA
Asp 21
Thr 68
Ser 25
Glu 37
Gly 440
Ala 85
Val 72
Cys 1
Met 4

lle 12
Leu 37
Tyr 30
Phe 21
Hyl 0
His 3
Lys 8
Ide 0.3
Des 0.2
Arg 25
Hyp 7
Pro 102

Tabsauna 2. CoctaB (Mr JeHb |) HHTPEIUEHTOB
B 000MX 00pa3max

I'pynna,
I'pynna
KomnoneHT [IPUHHUMAaBLIAs
wrarne6o
JIACTUH
I'anponmsar smacTuHa 75
MUKpOKpHCTaTHICCKAST 87 21
EIUTI0NI03a
JlakTo3a 132 270

Ddupsl caxaposbl 6 9




Bausinue nmpuemMa ruiposim3ara 3J1aCTHHA HA COCTOSIHME KOKH
Jluzatin ucciedosarusi

B uccnenoBannu npuHsim yyactue 20 310pOBBIX ANOHCKMX JKEHIIMH B Bo3pacTte oT 30 o 40
JIeT, KOTOPhIX OECIOKOMIM MOPIIMHBI BOKPYT TJa3, CyXOCTh KOKM M 4yBCTBO XxoJona. Kpome Toro, y
Bcex 20 KEeHIMH ObLIIM HU3KHE 3HAYCHUS DIIACTHYHOCTH KOXKHU M KOYKHOTO KPOBOTOKA Ha MPABOH IIEKe.
DnacTHYHOCTh KOXKM W3Mepsuti npu nomomu kyromerpa (MPA 580®; Integral Corp., Toxwmo,
SInoHus), KOXXHBIM KPOBOTOK M3MEPSJIM C TIOMOIIBIO YCTPOWCTBA JIa3epHOW AOMIIJIEPOBCKOM
Busyanusaiuu nepgysuu (PeriScan PIM 1I; PERIMED Ltd, Crokrossm, IIBenus). CyObekTsl ObLIH
NpOMH(GOPMHUPOBAHBI O IENH, MOTCHIMATLHBIX MPEUMYIIECTBAX U XOJI€ MCCIEIOBAHUS, MOCIE Yero
ObLJIO TMONy4eHO WX MHCbMEHHOe corjiacue. Bea nuuHas wuHbopmamus Oblla  CTPOrO
KoHuIeHIaIpHOK. [IpoBoarMOe nccieaoBaHke U ero Au3aiiH ObUTH 0100pEHBI KOMUTETOM TI0 ATHKE
SOUKEN Co., Ltd (opranmsarms, mpoBOISINAS KIMHUYECKHE HCCICAOBAHUS 10 KOHTPAKTY).
Uccnenosanue npuaepKuBajioch MPUHIUIOB XEIbCUHKCKON ACKIIapaIvu.

Jl1st O1leHKM BO3JICHCTBUS IIpUeMa TUAPOJIM3aTa AJIACTHHA HAa COCTOSTHHE KOXKH OBLIO MPOBEIEHO
JBOIHOE cienoe mianedbo-KoHTpoupyemoe uccienopanue. CoctaB eXeIHEBHBIX 100aBOK MPUBEJIEH B
Tabn. 2. Jloza rumponm3ata 3nactuHa (75 Mr) cumranach Oe30macHOM W OblIa OmpejieieHa Ha
OCHOBaHWU JIaHHBIX MPEABIAYIIET0 HCCIEIOBaHMs, B KOTOPOM J03a THJPOJU3aTa SJIaCTHHA paBHAs
npubausurenbHo 400 mr B I[eHL'l, Y NpuMeHsieMasi B TeueHue 13 MecseB?, ue NpuBeia K KIMHUYECKU
3HAQYUMbBIM OCJIO)KHEHMSIM. YUYAaCTHUKOB HCCIICJOBAHUSI PACHPEACIWIN B JBE TPYIIIbL: TPYMIy
NPUHUMAIOIIUX TuApoau3ar 3aactuHa (N = 10, cpennuii Bo3pact = 35,7 + 3,2), u rpynny wiane6o (N =
10, cpennuii Bo3pact = 35,6 + 3,0). Cpok npoBeaeHus uccienoBanus coctaBui 4 Henenu. [locemenne
naboparopun ObBUIO 3aIJITAHUPOBAHO B TIEPBHIN JIEHH HCCIEAOBAHUS M uyepe3 4 HeAeld TOoCIe ero
Hayaja. YYaCTHUKU MCCIICIOBAHUS JOJDKHBI ObUIM TPUHUMATh MpernapaTr Iepes CHOM, YTOObI He
MEHSTh CBOM IHUIIEBBIC MPHUBBIYKU U (U3NYECKUE HATPY3KH, W M30€raTh Ype3MEpHOTO BO3ACHUCTBUS
COJIHEYHOT'O CBETA.

HapaMeTpLI, HCIIOJIB3yEMbIC JId OLICHKH

Taoauna 3.
COCTOAHUSA KOXHU

CBoiicTBO OrneHnBaeMbIil mapamerp

ONAaCTUYHOCTh  ()GpHcAHME 1IeK
DJIaCTUYHOCTD U YIPYTrOCTb KOXHU
[pyxuHeHue\ Typrop Koxu
CyxocTh CyXOCTb KOH BOKPYT Ijia3 v pTa
CyXOCTb KOKH BCEro JIMIa
Menkue MOpPLIUHBI
KauectBo Tyckias koxa
Yucrasg Koxka
CTOUKHHI MaKHUsK
PasrnaxuBaroniuii MaKkus K

le;eHKa COCMOAHRUA KOJHKCU

CocTosiHre KOXKH JIMIIAa YYaCTHUKOB MCCIIEOBAHUS ONPEICTUIN MOCTEe UX YMBIBaHUS OOBIYHBIM
croco0oM U MpeObIBaHMsl B KOHAUIMOHUPYEMOM NomenieHnu (temneparypa 22 = 1°C, BnaxHocts 50
+ 10 % BnaxuoctH) B TeueHue 30 MHH.

DNaCTHYHOCTh KOKM m3Mepwin mnpu nomommu kyromerpa (MPA 580®; Integral Corp.),
paboTaroero Mo MPUHIMITY BCACBIBAHUS/PACcTSHKEHUsI KOXKHU. B ammaparte co3maercs oTpuIateib»HOe
JlaBJICHHE, BTSATHBAOIIEE KOXY B OTBepcTHe 30HAa. [TogpodHoe onmcanue paboTel mpruOOpa MPHBEACHO
B uccnenoBanuy Sin u coasm.?® VisMepenns mpoBOAMIN HA IIEKe, OTCTYIHB 4 CM OT OCHOBAHMS MOYKH
yXa Ha ypoBHE ry0. DJIacTUYHOCTh KOXKM PACCUUTHIBAJIM KaK OTHOIICHHE OCBOOOKICHHOW KOXH



(mocye OTKIIIOUEHUS] OTPUIATENILHOTO JABJICHUS) K MAKCUMAJILHOM BBICOTE KOXKH (MPU BTATHUBAHUU
KOKH B 30H]).

MopiiuHbl B 007aCTH TJ1a3 U3MEPSUIM MPU MOMOIIM PEIUTUKH KOXH. MOpIIMHA — 3TO BHUAUMASI
KOKHAs CKJTIaJIKa, 3aTParuBaroIasi MIOBEPXHOCTHBINA U MOKOKHBIN 0K KOXH. OObeM, MaKCUMAITbHY IO
ryOMHY, MaKCHMAallbHYIO IIMPHHY M KOJMYECTBO MOPINMH ONPEACTMIA C IMOMOIIBIO CHCTEMBI
BusyanbHoro ananuza ASA-03RXD (Asahibiomed Co., Ltd, Tokwuo, Snomwus).

Ko>XHBII KPOBOTOK Ha MCCJIEAYEMOM YYacTKE MPaBOM IIEKHW HU3MEPSIIN C MOMOIIBIO Ja3epPHOTO
nomieposckoro nepdysuonHoro tomorpada (PeriScan PIM I1; PERIMED Ltd.). [Tpu HanpaBiacHun
Ha KOXY Jia3zepa, Jyd pPAcCEeMBAETCs MPH CTOJIKHOBEHUU C KIETKaMu KpoBH. CKOPOCTb ABUKEHUS
KJIETOK KPOBU PACCUUTHIBAIM MO CKOPOCTH M3MEHEHHS YaCTOTHI JIA3ePHOI0 U3IYUYEHUs, BBI3BAHHOTO
s dexramu Jloruiepa, pu 3TOM KOJUYECTBO M3MECHECHUH JIA3€PHOTO W3JTYYCHHUS MPEOOPA30BHIBAIH B
KOJIMYECTBO KIETOK KpoBU. OOBEM KPOBOTOKA PACCUMTHIBAIM ITyTEM YMHOXKEHHS CKOPOCTH JABHKECHHUS
KJIETOK KPOBH Ha 00I11e€ KOJIMYECTBO KIETOK KPOBH.

CyObekTrBHasl OIICHKA COCTOSIHMSI KOKHM BKJIIOYalla OMpeeNieHUE SJIACTHUYHOCTH, CYXOCTH U
kadectBa Koku (Tabn. 3) m Obuia BBIIONHEHA TO NATHOAUIBHOM INKaje, TJe 3HadeHue S
COOTBETCTBOBAJIO HAMITYUIIIEMY BO3MOKHOMY COCTOSTHHIO.

CraTtucTnueckas olleHKA

CTaTHUCTUYECKYIO 3HAUUMOCTb JIAHHBIX, MOJYYEHHBIX MPU HCCIEA0BAaHUU KJIETOYHBIX KYJBTYD,
ONpeNeNiIn  C  Hchoib3oBaHMeM  kpurepus  JlanHera.  CTAaTHCTHYECKYIO  3HAYMMOCTh
MHCTPYMEHTAIIBHBIX JAHHBIX, MOJYYEHHBIX B XOJI€ MCCIIEOBAHUS HA JIIONIAX, OLUEHHIU MPH TOMOIIH
napHeIX t-recToB BHyTpH rpymim U t-kputepust CThIoIeHTa MEX1y rpynnamMu. JlaHHbIe, TOITy4YeHHBIEC BO
BpeMsi CyOBbEKTHBHOM OLIGHKM COCTOSIHHSL KOXH, NpPOAHAJIM3HPOBAIU IPU MOMOIIM HemapHoro t-
KPUTEpUSI WIM KPUTEPHUsl 3HAKOBOTO PaHTa YWIKOKCOHA. Pe3ynbTaTsl cUMTAINCh 3HAYMMBIMH TPU
3HavyeHusix P<0,05 u Beicoko3HaunMbivu mipu P<0,01.

PE3YJIBTATDBI
Ipoaudepauus kiaerox

PesynbpTaThl BO3MEHCTBUS THAPONIM3ATA SIACTHHA, TOTYYSCHHOTO M3 TOJIOCATOro TyHIa, u Pro-
Gly na npomudepanuo HKOU npoxemonctpupoBansl Ha Puc. 1. I'mapoausar smacThHa IO3BOJIHIT
CYIIIECTBEHHO TMOBBICHTH mpoiudepanuto Guodpodmacros: B 1,10 — 1,19 pa3 uepes 96 gacoB mnpu
KOHIIEHTpaluy B juamaszoHe 5-5000 mr/mn?. Ilpumenennme Pro-Gly Taxke crmocoGcTBOBaIO
3HAYUTENILHOMY yBEIHUEHUI0 mpoiudepannu ¢udpodiactos: B 1,12 — 1,20 pasa uepe3 96 yacoB npu
KOHIEHTpammy 5-50 ur/mn?. MakcumanbHblil oTBeT Ha Pro-Gly mabmiomancs Tpu KOHIEHTpamuu 25
Hr/MITY, TIpu 3ToM mnpomudepanus GuGPOOIACTOB MOA BO3AEHCTBHEM THAPOJIM3AaTa >JIACTHHA HE

YCUJIMBAJIACh MIPU €ro KOHIeHTpanusax B nuanazone 500-5000 Hr/MoT
Cunres dacruaa B HKOY

Bo3sneiicTBue ruaponn3ara 3JacTUHA, MMOJYYEHHOTO U3 MosocaToro TyHua, u Pro-Gly na cunres
snactuHa B HK®Y nokazano Ha Puc. 2. VBenuuenue cunHresa snactuHa B 1,14 pasa Ob110 0TMEUEHO
py 10GaBIEHMH THAPOIN3ATa YMacTUHA B KoHIeHTparmu 5000-50 000 ur/mnt; mpu no6asnenuu Pro-
Gly B xonnenTparmu 5-50 000 ar M o mpomrecTsuy 96 4acoB CHHTE3 HMACTHHA ycHIuBaics B 1,13
—1,39 pas.

BosaeiicrBue npuemMa ruApoJiM3ara 3J1aCTHHA HA COCTOSIHUE KOXKHU

B rpynme IMalueHTOK, MEPOpaIbHO MPUHHUMABIIUX THAPOJIN3AT 3JIaCTHHA, 3JTACTUYHOCTb KOXH
CYHICCTBCHHO IIOBBICWJIACH YCPE3 4 HCACIN TIIOCJIC Haydajla HCCICIOBaAHHA (PI/IC 3) 3HaueHUS
IMMOKaszaTeyisd 3JIaCTUYHOCTH YBCIUMYUIINCH HaA 4% Y NAaUMCHTOK, IPUHUMAaBIINUX T'HAPOJIM3aT 3J1aCTUHA, U



Ha 2% y manueHToK B rpyimmne miane6o. CylniecTBeHHBIX pa3inyuil B J000H MOMEHT BPEMEHH MEXY
JIBYMS TpynnaMu BeIABIeHO He Obuto. Kak nmokasano Ha Puc. 4, MopiiuHbl B 001aCTH 7143 MMOCTETIEHHO
COKpaIaJIich MO Mepe MpOBeACHUs uccienoBaHus. OO0beM, MakcUMalbHas TIyOWMHA, IIUPUHA H
KOJIMYECTBO MOPIIUH CYIIIECTBEHHO COKPATHIIUCH Y IMAIMEHTOK, MPUHUMABIINX THIPOJIN3AT JJIaCTHHA,
M0 CPAaBHEHHIO C MAIMEHTKAMH U3 TPYMIibl 1ane6o. OJHAKO CYIMIECTBEHHBIX PA3IMYUil MEXIY JBYMS
rpyInnamMu BBISIBJICHO HE ObL10. Pe3ynbTaThl M3MepeHust KpOBOTOKA B KOXKE IIEK MPOIEMOHCTPUPOBAHBI
Ha Puc. 5. B rpynme miane6o 3HaueHUS KPOBOTOKA CYIIECTBEHHO CHHU3WIIUCH uepe3 4 HENeNH IOCIIe
Havana ucciefoBanus. CHIDKEHUE 3HAYCHUH KPOBOTOKA OTMEYAIOCh B OOCHMX TPYMIAX, BEPOSTHO, TIO
TOI MpHUYMHE, YTO HMCCIIEJOBAaHHE MPOBOJAWIOCH B 3UMHMM mnepuoa. OJHAKO B TpyMIe MalUEHTOK,
MPUHUMABIINX THAPOJU3AT 3JIACTHHA, 3HAYUTEIHLHOTO CHIKCHHS KPOBOTOKA BBISBIICHO HE OBLIO.
Kpome Toro, Obina BHIIOTHEHa CYOBEKTHBHAs OIICHKA COCTOSHUSI KOXH, B XOJ€ KOTOpPOH ObUIH
ompefieNieHbl 3JACTUYHOCTh, CYXOCTh U KauecTBO koxu. [lo oOmmm Oamnam depe3 4 Henenu mociie
Hayaja MCCIIEIOBAHUS COCTOSTHUE KOKH OBIJIO HOPMAIIM30BAHO 110 CPABHEHMIO C MCXOJHOM CUTYyalHeH.
[To cpaBHeHuIO ¢ Tpynmoi miamnedo, B TPyIIe NAUeHTOK, MPUHUMABIINX THAPOIU3aT AJIaCTUHA, Yepe3
4 Henenu moclie Havyala MCCIENOBaHMSA OBUIM OTMEUYEHBI CIEAYIOIINE CYIIECTBEHHBIE W3MEHEHMS:
YMEHBIICHHE CYXOCTH O0JIACTH BOKPYT TJIa3 U PTa, YIYYIIEHUE COCTOSHUS KOXKU TMOCIe MPUMEHEHUs
pasrIaXUBAOIIET0 MAaKHWsbKa M TMOBBIIIEHHE ero croikoctu (Puc. 6). Ilo cpaBHeHHIO ¢ HMCXOIHBIM
COCTOSIHUEM KOXH, OOJBITMHCTBO HCCIEAYEMBIX IMapaMeTpoB, 3a HUCKIIOYCHHEM Typropa KOXH,
MOKa3ady 3HAYUTENbHbIC YJIyYIIEHUS TOCJAe NpueMa THUIpOju3aTa 3JaCTUHA, B YACTHOCTH MpU
WCIIOJIb30BAaHUN PA3TIaKUBAIOIIETO MAKIsKA U HAIOXKEHUH CTOMKOTo Makusika (Puc. 6).
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Puc. 1. BosgeiictBue ruaponusata smactuHa u Pro-Gly wa mnpomudepammo HKOY. K
MOKOAILIMMCS KyJIbTypaM KJeTOK, norpyxkeHHoix B 0,5% ®OBC/MCU/] cpeny, B TeueHue 4 nHeit
nobaBnsann rugponusar snactuHa (a) m Pro-Gly (6) B ykaszaHHBIX KOHLEHTpaUUsX. YPOBHHU
nponudepanuy KIeTOK HOPMAIH30BaId OTHOCHTENBHO KoHTpons (0 Hr/mm™l). JIaHHEIE TIPEaCTaBISIOT
co00il cpeqHMe 3HAYCHUs + CTaHJAPTHOE OTKIOHEHHE; TUAPOJIM3AT AMacTuHa, n = 6; Pro-Gly, n = 5.
3BE3I0YKH YKa3bIBAIOT HA CTATUCTHYCCKH 3HAYMMOE OTJIHYKE OT KOHTposs (*p<0,05, **p<0,01).
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Puc. 2. Bo3neiictBue rumponusara 3aactuia u Pro-Gly Ha cuntes snactuna B HK®Y. K kiretkam
B TedueHue 4 aHel nobamisumm ruaponusar dnactuHa (a) u Pro-Gly (6) B yka3zaHHBIX KOHIICHTpAIUSX.
YpoBeHb TPOIMOAIACTHHA B Cpelle OMPEICIUIN MPHU MOMOIIU TBEPAO(}a3HOTO MMMYHO(DEPMEHTHOTO
aHAM3a M HOPMAJM30BATM OTHOCHTENbHO KOHTpons (0 Hr/mm?l). JlaHHBIE TNpeACTABIAIOT COOOM
CpeIHHE 3HAYCHHMS + CTaHIAPTHOE OTKJIOHCHME; THIPOIM3aT 3jactuHa, n = 4; Pro-Gly, n = 5.
3BE30YKH YKA3bIBAIOT HAa CTATHCTHUECKH 3HAYMMOE OTIHuYre oT KoHTposst (*p<0,05, **p<0,01).
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Puc. 3. B rpynme mnNanuMeHTOK, NPWHUMABIIUX THUAPOJIM3AT DJJIACTHHA, OBLIO OTMEYEHO
CYIIIECTBEHHOE MOBBIILICHUE 3JTACTUYHOCTH KOXKM MO CPAaBHEHMIO C MAIMEHTKAMM U3 TPYMIbI 1anedo.

[MTapuerit t-tect (0 mpotuB 4 Hemens); *P<0,05. /lanHBIC TPEACTABISAIOT COOOM CpelHUEe 3HAYCHUS +
CTaHJAPTHOE OTKIIOHEHHUE.
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Puc. 4. CyiecTBeHHOE COKpallleHue MOPIIMH OTMEUYaIoCh B IPYIE MallMEHTOK, MPUHUMABIINX
TUIPOJIU3AT AJIACTUHA, IO CPABHEHHIO C MAlMEHTKaMU U3 TPYIIHI T1aeoo.
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Puc. 5. CpaBHeHue HaHHBIX 00beMa KPOBOTOKA B IIIEKE HA MOMEHT Hayaja HMCCJICIOBaHUS U
yepes 4 Henenwu nocie ero 3aBeprieHus. [lapubri t-rect (0 mpotus 4 Hepens); ***p < 0,001. JlanHbIC
NPEJICTABISIOT COO0M Cpe/IHNe 3HAUCHHS = CTAHAPTHOE OTKJIOHCHHE.

OBCYXIEHUE

Hacrosimee uccnenoBanue ObLJIO NMPOBEICHO C LEIbIO W3YyUYEHHUs] BO3IACUCTBUS THAPOJIHM3aTa
anactura u Pro-Gly Ha mnponmdepanmio ¢puOpoOIacToB M COCTOSIHUE KOXKHU uenoBeka. CoriacHo
JIAHHBIM paHee MPOBEICHHOTO uccienoBanus, npuMenenue Pro-Gly B xonnentparusx 0, 100, 1000 u
10 000 ar/mMi! He OKa3aI0 CylIECTBEHHOTO BIMAHMA Ha Iponudepamuio HK®U.?* B pesynsTare 6110
HPHHATO pEIICHUWEe HM3y4YuTh TpuMeHeHHe Pro-Gly B Oosiee HM3KHMX KOHILEHTpalmsx. MakcUMaibHO
BBIPAKEHHBIN OTBET KOKHU Ha Pro-Gly 6bi1 OTMEUEH NpH ero IPHMEHEHUH B KOHIEHTPAIU 25 Hr MY
IPH STOM TIOBBINIGHHWE KoHIeHTpamuu Pro-Gly mo 500-5000 mr ma'l He MO3BONHMIO YBENHMYHTH
npoiudepanuto GudpodiacroB. Kak crneacrtsue, ObUIO CAETAHO MPEANOIOKEHUE, YTO MPUMEHEHHE
Pro-Gly B xouuentpammsax, npesbmmatomux 100 Hr/mml, MokeT cHWKaTh mpoTHQEpaIUIo
¢bubpobracTos.
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Puc. 6. CocrosiHue KOXH 1Mocie MPUMEHEHHS THIPOJIN3aTa 3JIaCTHHA CYIIECTBEHHO YIIyUIIHIIOCH.
Henapueiii t-kputepuii (rpynna nanyeHTOK, MPUHUMABIINX THAPOJIM3AT AJIACTUHA, MPOTUB TPYIIIBI
nnane6o); * p < 0,1, *p < 0,05. Kpurepuit 31akoBoro panra Yuikokcona (0 mpotus 4 Hemens); 3p <
0,1, 'p < 0,05, *p < 0,01.

C 7pyroil CTOPOHBI, IPHMEHEHHE THAPONHM3aTa >IACTHHA B KOHIEHTparmax S5-5000 Hr/mr?
3HAYUTEIIFHO YBEIMUMBaio mnpoiudepanuo GudpodractoB. [lockonbky 3(GdeKTHBHBIE TEHTHIHBIC
MOCJIEIOBATEIbHOCTU TUAPOJIU3aTa 3JIACTUHA, TMOJYYEHHOIO M3 IMOJIOCATOTO TYHLA,  SIBISFOTCS
YaCTUYHBIMH, CYUTAETCS, YTO BHICOKHE KOHIICHTPAIMN UHIYIIUPYIOT Npoudepainio KIeToK.

Ycunenne mnponudepanuy KIETOK TOJ BO3ACHCTBHEM THUAPOIU3aTa AJIACTHHA TaKXkKe OBbLIO
TIOJTBEPKACHO APYTHMH HccrnenoBanusamu. CormacHo naHHeM Tajima u coasm.®, nporennkunasza C
ycuuBasa nposudepanuo GuopoOIacToB B OTBET HA MPUMEHEHHUE MOJUIeKCANeNTHI, TTOTyYeHHOTO
u3 snactuHa (VGVAPG),. Pesynbrarel uccieqoBaHuii CBHAETEIHCTBOBAIU O TOM, YTO THAPOIU3AT
3JIACTHHA, TTOJTYYEHHBIN U3 MOJIOCATOTO TYHIIA, TTO3BOJISUT YBETUYUTH nposudeparuio pudpobdiacToB 3a
cuer axtmBammu TpoTenHkmHaskl C. ITo mamHbIM mccienoBanmu Okamoto®l, mporemnxunaza C
y4acTBOBaJla B MUT'PALIMU TJIaJIKOMBIIICUHBIX KJICTOK LBIIUISAT B OTBET HA MPUMEHEHHE MOHOMepa Val-
Pro-Gly, monmy4eHHOTO W3 3J1acTHHA. Pe3ynbTaThl BCEX NMPOBEICHHBIX paHEE HCCICAOBAHMA MOTYT
MOMOYb OOBSCHUTH MeXaHu3M mnposinpepannu GudpobiacToB, 3amyckaeMmblii ¢ momoribio Pro-Gly.
OnmHako MHOTHE BOMNPOCHI, CBSI3aHHBIE C OCHOBHBIM MEXAaHM3MOM YCHUJIEHHS mpoiudepaiuu
¢bubpobmacToB ¢ nmomorpio Pro-Gly, eme mpeacTouT pemuTh, MOCKOIBKY THIT KICTOK M CTPYKTypa
NenTUaa OTIUYAIOTCS OT MENTHA, ONMCAHHOTO paHee B MCCienoBaHusX. st 3Toro HeoOXoauMo
NPOBEJICHUE MCCIIeOBaHuit IN Vitro. CHHTE3 DJIaCTUHA YCHIIMBAJICS B 3aBUCUMOCTH OT KOHIICHTPAILIUH
ruaponusara snactuHa U Pro-Gly. [lamHble  pe3ynbTaThl COTNIACYIOTCS C pe3ylbTaTaMu paHee
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B xone mnpoBeneHHs IBOMHOIO CIIENOro IUIALE00-KOHTPOIUPYEMOIO HCCIEI0BaHUA ObLIO
OTMEYEHO CYIIECTBEHHOE YBEIIMYEHUE DJIACTUYHOCTH KOXH, COKpAllleHHEe MOPIUUH, YCUJICHUE
KPOBOTOKA U MOBBIIIEHUE CYyOBEKTUBHOM OLIEHKU COCTOSIHMS KOXKM IPU NpUEMe BHYTPb T'MIpOJIM3aTa
snactuHa. [1o cpaBHEHHUIO C HAYAJIOM UCCIIEOBAHMSI, 3J1ACTUYHOCTb KOXKU M OOJIBIIMHCTBO NapaMeTPOB
CyOBbEKTHBHOM OIIEHKH COCTOSIHUSI KOXKH, 33 UCKIIFOUCHHEM Typropa K0>kH, 3HAYUTEIbHO YIyUIIHINCH
nocje IMpueMa TuApojM3aTa sjacThHa. B rpymnme miane0o mokaszaTeld KpOBOTOKA 3HAYMTEIBHO
YMEHBUIWINCH 10 MPOIIECTBUU 4 HEZelNb Nocie Havyala ucciaenoBanus. [lo cpaBHEeHUIO ¢ manueHTaMu
U3 TIpynnsl Iu1anebo, y NalMeHTOB, MPUHUMABIIMX THUAPOIM3aT HJIACTHHA, OBLIO OTMEUYEHO
3HAYUTEIBHOE YIIyYIICHHE CYOBbEKTHBHOH OIICHKH COCTOSHHS KOXKHM TIO CIIEAYIOIMIMM MapamMeTpam:
CYXOCTb 00JIACTH BOKPYT TIJIa3 U pTa, INI0X0€ pa3riakXMBaHUE MAKHUSXKA U CTOUKOCTh MaKMsIXKa.



B xoxe comepkurcs HEOONbIIOE KOJMMYECTBO AJIACTHMHA, OJHAKO OH WUIPAET BAXKHYIO pPOJIb B
o0ecreyeHny SJacCTUYHOCTH U ynpyroctu Koku. CoaepiaHue 3JaCTHHA B KOXK€ YMEHbILAETCS C
BO3pPAacTOM U TIOJT BO3JCHCTBUEM YIbTPA(HOIETOBBIX JIydeH, YTO MPUBOAUT K MOSBICHUIO MOPIIUH H
oOBuCaHMIO KOXH. [yl TpOBENEHHMS HACTOSIIETO HWCCIEIOBAaHHUS OTOOpAIM TAalHUEHTOB, KOTOPHIX B
YaCTHOCTH OECIIOKOMIIM MOPIIMHBI BOKPYT IJ1a3 U 00BUcaHue KOKU. [I0CKOIBKY CoJepikaHue 3JacThHA
B KOXKE€ MOYKET YMEHBIIUTHCS WIH K€ OH MOXET Pa3pylIUThCs, OMOCHHTE3 3JIaCTHHA B TIOBPEXKICHHOM
KOK€ OYCHb BaXCH. YUWTHIBasS BCE BbINICCKa3aHHOE, KOHIEHTpauus Pro-Gly B kpoBu desnoBeka
sBIsieTcsl  BaKHBIM  (pakTopom. CornmacHo pesyibTaram MpeablAyIero uccienosanus, Pro-Gly
0OHApyKMBaJICs B KOHLEHTPALMH paBHOH mpuMepHO18 mvoms ! yepes 30 mMuH mocne mpuema 10 T
TCHIPOJIM3aTa 3JacTHHA; TaKUM 00pa3oM, mpuMepHas KoHteHrpaius Pro-Gly 6yaer pasna 0,14 nmmois
mt (24 mr mal) mocne mpuema BHyTph 75 Mr ruaponmsara snacTuHa. COINIAcHO pe3ysbTaTam
HACTOSAIIEro uccnenoBanus, Pro-Gly B xomumentpammm 0,14 mvons nt ycumuBanm mpomudeparnuio
¢bubdpobpacToB u cuHTEe3 3mactuHa. OJHAKO CYHIECTBYET BEPOSTHOCTH TOro, uto Pro-Gly momam B
KPOBb U YIYYIIWI COCTOSIHUE KOXKH, B3aMMOJEHCTBYs ¢ pubpobmactamu. [Ijiss TOro 4ro0bl J0Ka3aTh,
YTO OWOCHHTE3 3JacTHHA JIEHCTBUTENBHO WHAYIHMPYETCS B TOBPEXKICHHONW KOXKE, HEO0OXOIMMO
MIPOBEICHHUE UCCIIEIOBAHUS HA )KUBOTHBIX.

Kpowme Toro, 6bu10 ormeueHo, uto Pro-Gly cmocoben ymydIimTh COCTOSHHE KAIMUIIPOB KOXKH.
PGSyHBTaTH HUCCJIEaA0BaHUA Takemori u coaem.,?’2 MOKa3ajaM, YTO CTCHCHb IOBPEKIACHUS SHOOTCIHNS B
KUBOTHOM Mojenu rtuneptonuu (t.e. SHR/Izm) Obuta yMeHbIIEHA NpPU MEPOPATLHOM IpHEME
THIPOJIM3aTa 3JIaCTHHA U BHYTPUBEHHOM BBeaeHuu Pro-Gly.

3AKIIOYEHHUE

Pe3ynbTaThl HACTOSIIETO MCCIAEAOBAaHUS TOKa3aldHM, YTO THUIPOJIM3AT JIacTHHA OJAroTBOPHO
BJIMACT Ha KOXY YCJIOBCKA. OI[HaKO H€O6XOIII/IMI)I HaHbHeﬁMHe HUCCJIICAOBaHUA OJIsI BBIICHCHHA BCEX
MEXaHMU3MOB, JEKAllUX B OCHOBE OJTHUX YyiydlleHWH. BaxHyr0 pojib UIpaer oOIpeaeseHue
KoHIrenrpanuu Pro-Gly mocie mepopansHoro mpuema 75 Mr ruapousaTa 3jaacTuHa. [IpoBoauMbie B
OyayIlIeM HCCICIOBaHUS TaK)Ke MOTYT BKIIIOYATh NMPUMEHEHHE HE TOJbKO Pro-Gly, HO ¥ pa3auuHBIX
MENTHIOB, CBSI3aHHBIX C 3JACTUHOM pPBIO. ABTOPBI MCCIENOBAHUS HAJCIOTCS, YTO B Oimbkaiiiiem
OyaylemM THIpOJu3aT dJacThHa OyJeT MOJIe3eH YeJIOBEYECTBY B KaueCTBE KOCMETHUECKOH M00aBKHU
W/UITU MaTepuana Juis 310pOBOM MHIITH.
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Elastin hydrolysate derived from fish enhances
proliferation of human skin fibroblasts

and elastin synthesis in human skin fibroblasts
and improves the skin conditions

Eri Shiratsuchi,” Misako Nakaba and Michio Yamada

Abstract

BACKGROUND: Recent studies have shown that certain peptides significantly improve skin conditions, such as skin elasticity
and the moisture content of the skin of healthy woman. This study aimed to investigate the effects of elastin hydrolysate on
human skin. Proliferation and elastin synthesis were evaluated in human skin fibroblasts exposed to elastin hydrolysate and
proryl-glycine (Pro-Gly), which is present in human blood after elastin hydrolysate ingestion. We also performed an ingestion
test with elastin hydrolysate in humans and evaluated skin condition.

RESULTS: Elastin hydrolysate and Pro-Gly enhanced the proliferation of fibroblasts and elastin synthesis. Maximal proliferation
response was observed at 25 ng mL~" Pro-Gly. Ingestion of elastin hydrolysate improved skin condition, such as elasticity,
number of wrinkles, and blood flow. Elasticity improved by 4% in the elastin hydrolysate group compared with 2% in the placebo

group.

CONCLUSION: Therefore, elastin hydrolysate activates human skin fibroblasts and has beneficial effects on skin conditions.

© 2015 Society of Chemical Industry

Keywords: elastin; elastin hydrolysate; fibroblasts; skin

INTRODUCTION

Elastic fibres are important components of extracellular matrix
and comprise two major components: microfibrils and elastin.
Microfibrils are rich in acidic glycoproteins and are organised into
8-16 nm fibrils of beaded appearance.! Elastin is the core protein
(>90%) of elastic fibres, which gives elasticity to tissues, such as
skin, aorta, ligaments, and lungs."? Conversely, collagen, which is
an important component of extracellular matrix as well as elastic
fibres, provides tensile strength to tissues.>#

Elastin and collagen both play important roles in maintaining the
shape and function of various organs. These two proteins often
co-exist, and it has been suggested that the ratio between them
influences the mechanical properties of cells and tissues.* "2

Elastin content of the skin has been reported to be 2-4% on a
fat-free dry weight of the skin, collagen being over 70%.">'* A small
amount of elastin in the dermis allows for elasticity and flexibility of
skin. However, as a result of ageing, elastic fibres break down and
eventually disappear.’ These changes in elastin induce wrinkles
and sagging of skin.

Interestingly, due to its unique physical and biochemical charac-
teristics, elastin has been used in cosmetics and biomaterials. For
example, in cosmetics, soluble elastin has improved tension and
elasticity of the skin by imparting visco-elastic properties and com-
pensating for the loss of (and ageing of) the skin’s own elastin.'®
Elastin also plays an important role in the growing field of bio-
materials, where many applied studies have been conducted to

construct artificial skin, blood vessels, and ligaments."”” =2 In con-
trast, collagen has been used in cosmetics and biomaterials much
longer than elastin and has been subjected to human ingestion
trials. Ingestion of collagen hydrolysate increased moisture con-
tent of the skin in healthy women?' and moderated knee joint
pain in osteoarthritis patients.?? Food-derived collagen peptides,
such as prolyl-hydroxyproline (Pro-Hyp), which was detected in
human peripheral blood following ingestion,?* enhanced fibrob-
last growth and the synthesis of the extracellular matrix, both of
which were suggested as beneficial for the skin.

Interestingly, there seems to be a similar association between
elastin and the prolyl-glycine (Pro-Gly) dipeptide. Pro-Gly was
detected in peripheral blood of human following oral ingestion
of elastin hydrolysate derived from fish (skipjack).?* Additionally,
elastin synthesis by the human skin fibroblasts in vitro was sig-
nificantly enhanced from 0.1 to 10 pg mL~" Pro-Gly after a 72-h
incubation period.?* While clinical trials with humans have not
yet been conducted, this result suggests that oral ingestion of

* Correspondence to: Eri Shiratsuchi, Hayasikane Sangyo Co. Ltd, 2-4-8
Yamato-machi, Shimonoseki, Yamaguchi, 750-8608, Japan, E-mail: esirat-
suti@hayashikane.co.jp

Hayasikane Sangyo Co. Ltd, 2-4-8 Yamato-machi, Shimonoseki, Yamaguchi,
750-8608, Japan
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elastin hydrolysate may have the potential to improve human skin
conditions.

The purpose of this study was to test the effect of elastin
hydrolysate ingestion on the human skin. We prepared elastin
hydrolysate from skipjack tuna and examined its effects on fibrob-
last proliferation and synthesis of elastin in human skin fibroblasts.
We also performed an oral ingestion test to evaluate effects on
human skin conditions.

MATERIALS AND METHODS

Effects of elastin hydrolysate and Pro-Gly on dermal
fibroblast cells

Elastin hydrolysate

Elastin hydrolysate (1 kDa, average molecular weight) was
prepared from the bulbus arteriosus of skipjack tuna, Katsuwonus
pelamis (Perciformes, Scombridae, K. pelamis), according to the
method of Nakaba et al.?> Skipjack tuna live in the Indian Ocean
and Pacific Ocean around Thailand. The bulbus arteriosus is an
organ peculiar to fishes with large number of elastic fibres, and a
sponge-like structure that is related to the blood flow velocity. The
amino acid composition of elastin hydrolysate (Table 1) was in fair
agreement with previous reports for fish elastin.?>2° This elastin
hydrolysate can be commercially obtained as Katsuwo Elastin
(Hayashikane Sangyo Co., Ltd., Shimonoseki, Yamaguchi, Japan).

Chemicals

Pro-Gly was obtained from Kokusan Kagaku (Tokyo, Japan). Pri-
mary cultured normal human dermal fibroblasts (NHDFs) were
obtained from Takara Bio Inc. (Shiga, Japan). Dulbecco’s modi-
fied Eagle’s medium (DMEM) and fetal bovine serum (FBS) were
obtained from Invitrogen (Carlsbad, CA, USA), and the anti-
body against human tropoelastin was obtained from Cosmo Bio
(Tokyo, Japan). A TMB microwell peroxidase substrate system
and goat-anti-rabbit IgG polyclonal antibody-horseradish per-
oxidase conjugate were purchased from KPL (Gaithersburg, MD,
USA). Solubilised elastin prepared from bovine neck ligament was
purchased from Sigma (St. Louis, MO, USA). A Cell Counting Kit-8
(CCK-8) was purchased from Dojin Glocal (Kumamoto, Japan). All
other reagents were of analytical grade or higher.

Cell proliferation

NHDF cells (three to six passages) suspended in DMEM containing
10% FBS were aliquoted to 96-well plastic plates (3500 cells cm—2)
and incubated in an atmosphere containing 5% CO, at 37°C for 24
h. Then, culture media was replaced with 0.5% FBS/DMEM to bring
cells to a quiescent state. After 24 h, cells were treated with 0, 5,
50, 500 and 5000 ng mL~" elastin hydrolysate and 0, 5, 25, 50, 500
and 5000 ng mL~" Pro-Gly. Four days later, cell proliferation was
assessed by measuring absorbance at 490 nm using CCK-8.

Elastin synthesis in normal human dermal fibroblasts cells

Elastin synthesis was determined 4 days after exposure to
elastin hydrolysate and Pro-Gly. Tropoelastin, a precursor pro-
tein of mature elastin found in elastic fibres, was measured to
estimate elastin synthesis. Tropoelastin concentration in the
medium was determined by enzyme-linked immunosorbent
assay (ELISA) according to the method of Prosser etal.?’” The
calibration curve was generated using bovine neck ligament
soluble elastin. Results were calculated as the quantity of elastin
synthesised per cell.

Table 1. Amino acid composition (residues/1000 residues) of elastin
hydrolysate derived from skipjack tuna

Amino acid Elastin hydrolysate
Asp 21

Thr 68

Ser 25

Glu 37

Gly 440

Ala 85

Val 72

Cys 1

Met 4

lle 12

Leu 37

Tyr 30

Phe 21

Hyl 0

His 3

Lys 8

Ide 0.3

Des 0.2

Arg 25

Hyp 7

Pro 102

Table 2. Composition (mg day~') of ingredients in both samples
Component Elastin group Placebo group
Elastin hydrolysate 75 -
Microcrystalline cellulose 87 21
Lactose 132 270
Sucrose esters 6 9

Effects of elastin hydrolysate ingestion on skin conditions
Study design

Twenty healthy Japanese women in their 30s who were concerned
about wrinkles around the eye area, skin dryness, and feeling
of cold were enrolled in this trial. Additionally, these 20 women
had low values of skin elasticity and skin blood flow in the right
cheek. Skin elasticity was measured by a cutometer (MPA 580®;
Integral Corp., Tokyo, Japan) and skin blood flow was measured
by a laser Doppler Perfusion Imager (PeriScan PIM II; PERIMED
Ltd, Stockholm, Sweden ). Subjects were informed about the aim
and potential benefits of the study and examination details, and
informed consent was obtained prior to enrollment. All personal
information was kept confidential. This trial and its design were
approved by the ethics committee of SOUKEN Co., Ltd (contract
clinical trial organisation). The study adhered to the principles of
the Declaration of Helsinki.

We performed a double-blind, placebo-controlled test to inves-
tigate the effects of elastin hydrolysate ingestion on skin condi-
tions. The composition of daily supplements is shown in Table 2.
A dose of elastin hydrolysate (75 mg) was considered safe. This
dose was based on a previous study where a dose of approximately
400 mg elastin hydrolysate day~' administered for 13 months?® did
not result in clinically important problems. Subjects were divided
into an elastin hydrolysate group (n=10; mean age=35.7 +3.2)

J Sci Food Agric 2016; 96: 1672-1677
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Table 3. Parameters used to evaluate skin condition
Parameter Item of evaluation
Elasticity Sagging of cheek
Skin elasticity and tension
Flexibility of skin
Dryness Dry eye area and mouth area
Dry whole face
Fine wrinkles
Quality Dull skin
Clear skin
Long lasting make-up
Smoothing make-up

or placebo group (n = 10; mean age = 35.6 + 3.0). The trial was car-
ried out for 4 weeks. Subjects were instructed to visit a laboratory
onthefirst day and 4 weeks after the start of the trial. Subjects were
advised to take samples at bedtime, to avoid changing their eating
and exercise habits, and to avoid excess sunlight.

Evaluation of skin condition

Before evaluation of skin condition, the subjects washed their
faces in the normal way and remained in an air-conditioned
room (temperature 22 + 1°C; and humidity 50 + 10% humidity) for
30 min.

Skin elasticity was evaluated using a cutometer (MPA 580®;
Integral Corp.), which collects measurements based on suc-
tion/elongation. Negative pressure is created in the device,
drawing the skin into the aperture of the probe. The detailed
principle is described in the literature by Sin et al.?® Measurements
were taken from the cheek, in the 4-cm region from the basal
point of the earlobe in alignment with the lips. Skin elasticity was
calculated as the ratio of the skin released (after negative pressure
was disconnected) to maximum height of skin (when skin was
drawn into the probe).

Wrinkles in the eye area were observed using a skin replica. A
wrinkle is defined as a crevice that extends into the dermal and
subcutaneous layers. Volume, maximum depth, maximum width,
and number of wrinkles were measured by an image analysis
system ASA-03RXD (Asahibiomed Co., Ltd, Tokyo, Japan).

(a)14o :
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Skin blood flow in the right cheek was measured by a laser
Doppler perfusion imager (PeriScan PIM II; PERIMED Ltd.). When
the skin surface is illuminated by the laser, the beam scatters
when it collides with blood cells. Blood cell speed was calcu-
lated by the rate of change of laser light frequency induced by
Doppler effects, and the amount of variation of laser light was
converted to the number of blood cells. Blood flow volume was
calculated by multiplying blood cell speed by the number of
blood cells.

Subjective evaluation of skin condition was performed by
observing elasticity, dryness, and quality of skin (Table 3). Scoring
was based on a five-point scale, with a value of 5 representing the
best condition possible.

Statistical evaluation

For cell culture data, statistical significance was determined using
Dunnett’s test. Statistical significance of instrumental data from
the human trial was determined using paired t-tests within groups
and Student’s t-tests between groups. Additionally, subjective skin
condition scoring was analysed by the unpaired t-test or Wilcoxon
signed-rank test. Results were deemed significant (P <0.05) or
highly-significant (P < 0.01).

RESULTS

Cell proliferation

Effects of skipjack elastin hydrolysate and Pro-Gly on NHDF pro-
liferation are shown in Fig.1. Elastin hydrolysate significantly
enhanced fibroblast proliferation from 1.10- to 1.19-fold after 96
h at concentrations of 5-5000 ng mL~". Pro-Gly also significantly
enhanced fibroblast proliferation from 1.12- to 1.20-fold after 96 h
at 5-50 ng mL~". Maximal response to Pro-Gly was observed at 25
ng mL~", and fibroblast proliferation was not enhanced at concen-
trations of 500-5000 ng mL~".

Elastin synthesis in normal human dermal fibroblasts cells
Effects of skipjack elastin hydrolysate and Pro-Gly on elastin syn-
thesis in NHDF cells are shown in Fig. 2. Elastin synthesis was sig-
nificantly enhanced 1.14-fold by addition of 5000-50 000 ng mL~’
elastin hydrolysate and enhanced 1.13- to 1.39-fold by addition of
5-50000 ng mL~" Pro-Gly after 96 h.

(b)
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Figure 1. Effects of elastin hydrolyaste and Pro-Gly on NHDF cell proliferation. Quiescent cultures in 0.5% FBS/DMEM were treated for 4 days with elastin
hydrolysate (a) and Pro-Gly (b) at the concentrations indicated. Proliferation levels were normalised against control (0 ng mL™"). Data are means =+ SD;
elastin hydrolysate, n = 6; Pro-Gly, n = 5. Asterisks indicate significant difference from control (*P < 0.05, **P < 0.01).
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Figure 2. Effects of elastin hydrolysate and Pro-Gly on elastin synthesis in NHDF cells. Cells were treated for 4 days after addition of elastin hydrolysate (a)
and Pro-Gly (b) at concentrations indicated. Tropoelastin levels in media were determined by ELISA and normalised against controls (0 ng mL™"). Data are
means + SD; elastin hydrolysate, n = 4; Pro-Gly, n = 5. Asterisks indicate significant difference from control (*P < 0.05, **P < 0.01).
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Figure 3. Improvement of skin elasticity by elastin hydrolysate versus
placebo. Paired t-test (0 vs. 4 weeks); *P < 0.05. Data are means + SE.

Effects of elastin hydrolysate ingestion on skin condition

Skin elasticity significantly improved in the elastin hydrolysate
group 4 weeks after the start of the trial (Fig.3). Elasticity values
were 4% higher in the elastin group compared with 2% change in
the placebo group. There were no significant differences between
the two groups at either time point. As shown in Fig.4, wrinkles
in the eye area tended to improve during the trial. The volume,
maximum depth, maximum width, and number were reduced
compared with placebo group. However, there were no signifi-
cant differences between the two groups. Results for cheek skin
blood flow are shown in Fig.5. In the placebo group, blood flow
significantly decreased 4 weeks after the start of trial. A decrease
in blood flow was observed in both groups, possibly because
the trial was conducted during the winter season. However, no
significant decrease in blood flow was observed in the elastin
group. We also performed a subjective assessment of skin condi-
tion, evaluating elasticity, dryness, and quality. Total scores after
4 weeks were normalised against the score at the start of the
trial. Compared with the placebo group 4 weeks, after the start
of trial, the elastin group showed improvements in the following
areas: drying of the eye and mouth areas, badness of smoothing
make-up, and long-lasting make-up (Fig. 6). Compared with con-
ditions at the start of trial, most parameters, except for flexibility
of the skin, showed significant improvement after ingestion of
elastin hydrolysate, particularly badness of smoothing make-up
and long-lasting make-up (Fig. 6).
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Figure 4. Improvement of wrinkles by elastin hydrolysate versus placebo.
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Figure 5. Comparison of cheek blood flow volumes 4 weeks after trial.
Paired t-test (0 vs. 4 weeks); ***P < 0.001. Data are presented as means + SE.

DISCUSSION

In this study, we investigated effects of elastin hydrolysate and
Pro-Gly on human skin fibroblasts and skin condition. In a previous
study, 0, 100, 1000 and 10000 ng mL™" of Pro-Gly did not affect
proliferation of NHDF cells.?* Based on these results, we examined
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Figure 6. Improvements in skin condition by elastin hydrolysate. Unpaired t-test (elastin group vs. placebo group); #P < 0.1, *P < 0.05. Wilcoxon signed-rank

test (0 vs. 4 weeks); SP< 0.1, TP < 0.05, P < 0.01.

lower concentrations of Pro-Gly. Maximal response to Pro-Gly was
25 ng mL~", but 500-5000 ng mL~" Pro-Gly did not increase
proliferation. It is possible that Pro-Gly concentrations >100 ng
mL~" may decrease the proliferation of fibroblasts.

On the other hand, elastin hydrolysate significantly enhanced
proliferation of fibroblasts at concentrations of 5-5000 ng mL™".
Because the effective peptide sequences of skipjack-elastin
hydrolysate are partial, it is considered that high concentrations
induced cell proliferation.

Cell proliferation patterns observed for elastin hydrolysate were
supported by other study. Tajima etal*® reported that protein
kinase C was involved in fibroblast proliferation in response to
elastin-derived polyhexapeptide (VGVAPG),. As this evidence
suggests, skipjack-elastin hydrolysate may enhance fibroblast
proliferation via protein kinase C activation. In another study,
Okamoto?' reported that protein kinase C was involved in chick
smooth muscle cell migration in response to elastin-derived
Val-Pro-Gly monomer. This evidence may help explain fibroblast
proliferation by Pro-Gly. However, underlying mechanism for
enhancement of fibroblast proliferation by Pro-Gly remains to be
solved because cell type and structure of peptide are different
from the peptide in literature study. We want to clarify these
mechanisms by in vitro assays. Elastin synthesis was enhanced
depending on concentrations of elastin hydrolysate and Pro-Gly.
These results are in agreement with the literature.*

Our double-blind, placebo-controlled study has demonstrated
that skin elasticity, wrinkles, blood flow, and subjective evalu-
ation of skin conditions were improved by elastin hydrolysate
ingestion. For details, compared with the start of trial, skin
elasticity and most parameters of subjective evaluation of
skin conditions, except for flexibility of the skin, significantly
improved after ingestion of elastin hydrolysate. In the placebo
group, blood flow significantly decreased 4 weeks after the start
of trial. Compared with the placebo group, the elastin group
showed significant improvements in subjective evaluation of
skin conditions in the following areas: drying of the eye and
mouth areas, badness of smoothing make-up, and long-lasting
make-up.

As mentioned previously, there is a small amount of elastin in the
skin. However, elastin plays a significant role in providing elasticity
and lifting the skin. The elastin content in the skin decreases
with ageing and through exposure to ultraviolet rays, which may

induce wrinkles and sagging. In this human trial, subjects were
concerned about wrinkles around the eye area and sagging of
the skin. Their elastin content in the skin may decrease or break
down. Therefore, the biosynthesis of elastin in their damaged
skin is very important. Based on these parameters, concentration
of Pro-Gly in human blood is an important factor. We estimated
that Pro-Gly was detected at approximately 0.14 pmol L' (24 ng
mL~") after ingestion of 75 mg of elastin hydrolysate, based on a
previous study where Pro-Gly was detected at approximately 18
pmol L' 30 min after ingestion of 10 g of elastin hydrolysate.*
Pro-Gly at 0.14 pmol L= would have effects on cell proliferation
and elastin synthesis according to results from the present study.
Regarding this estimation, there is a possibility that Pro-Gly shifted
into the blood and improved skin condition by interacting with
fibroblasts. In order to prove that the biosynthesis of elastin is
really induced in the damaged skin, it is necessary to perform an
animal study.

Furthermore, Pro-Gly in the blood may also have improved the
condition of capillaries in the skin. This idea is supported by Take-
mori et al.*> who reported that the extent of endothelial damage
in an animal model of hypertension (i.e. SHR/Izm) was reduced by
oral administration of elastin hydrolysate and intravenous admin-
istration of Pro-Gly.

CONCLUSIONS

The results of this study suggest that elastin hydrolysate has bene-
ficial effects on the human skin. However, further study is required
to elucidate the mechanisms behind these improvements.
Determining the concentration of Pro-Gly that results after
ingestion of 75 mg elastin hydrolysate is important. Future inves-
tigations may also focus on peptides associated with fish elastin,
other than Pro-Gly. We hope that elastin hydrolysate will be bene-
ficial to human populations as a beauty supplement and/or health
food material in the near future.
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