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Ouenka 3¢ (PeKTUBHOCTH BO3ACHCTBUSA
Npenapara Ha OCHOBE AMUHOKHMCJIOT, MM U THAJTYPOHOBOM
KHUCJIOTbI HA CHHTE3 3JIACTHHA: Pe3yJbTAThI OTKPBITOI0

OJHOLIEHTPOBOI'0 KJIMHNYECKOI0 UCCIe0BAHUA

Pe3tome: [lerpananusi 1 yMeHbIICHHE KOJMUECTBA OCJIKOB BHEKJIETO4YHOro marpukca (BKM)
ABJISIIOTCS. PENPE3EHTATUBHBIMU OMOJIOTUYECKUMHU NMPU3HAKAMM CHMXKEHMS JIACTUYHOCTU KOXHU U
NPOBOLIMPYIOT PA3BUTHE CBA3AHHBIX C ATHM MpoOJIeM. DIAaCTHH — 3TO OEJOK BHEKIECTOYHOTO
MaTpUKCa, UIPAIOLIMA BaXXHYIO POJb B MOJICPKAHUHM CTPYKTYpbl KOKU. OH o0ajgaeT BBICOKOM
9JIACTUYHOCTBIO M IIOMOTaeT TKAHSAM BOCCTaHABIMBATh CBOIO (DOpPMy IOCIE DPACTSHKEHUS WU
cokarus. Llenp MaHHOTO WCClIEOBaHUS 3aKiovajach B OIEHKE S(P(EKTMBHOCTH TMPOIYKTa,
COJIEpKAILEro aMUHOKHUCIIOTBI, ME/Ib ¥ THAlypPOHOBYIO KHMCJIOTY, AJISI 3aMEUICHUS] CTAPEHUS KOXKU.
B He601bII0M OTKPHITOM OAHOIIEHTPOBOM HCCIICOBAHUH OBLIM UCIIOJIb30BAHBI YETHIPE MPOLIEAYPbI
Elastic Lab® na natu manumentax ¢ MHTEpBAIOM B OfHY Hele0. B pe3ynbTarte yepes OHy HEIEemo
nocjie TOCJeAHEeH NpoueAypbl Y BCEX MAlMEHTOB YMEHBIIMJIUCh MOPIIUHBI BOKPYT TIJa3,
YBEIMUWINCH IIOKA3aTENHU YBIAXHEHHOCTH, BHYTPEHHEH 3JaCTUYHOCTH, TOJIUHBI U IUIOTHOCTHU
KOXKM IO CPaBHEHHIO C UCXOJHOW curyauueidl. Hanbonee cyliecTBEHHO NMOBBICHINCH MOKa3aTeNln
3JaCTMYHOCTH, TOJIIMHBI M IJIOTHOCTH KOXHW. Takum o00pa3oM, NpHUMEHEHHE COCTaBa,
COJZIEPIKAILET0 aMMHOKHUCIIOTBHI, MUHEPAJIbl U TMAyPOHOBYIO KHCJIOTY, MO3BOJIIET CTUMYJIMPOBATh
OMOCHHTE3 3J1aCTUHA M KOJUIareHa B KOX€, BOCCTAHOBUThb 3JACTUYHOCTh KOXH M YMEHBIIUTbH
MPOSIBJICHUS Pa3IMYHBIX KOKHBIX TPOOJIEM.

KuroueBble c¢J10Ba: 3JaCTUH; KOJUIATEH; THAITYPOHOBAsl KHUCJIOTA; 3JACTUYHOCTh KOXKU;
IJIOTHOCTh KOKH; BII&KHOCTh KOXKHU; MOPIIMHA; TOJIIIMHA KOXKHU; cTapeHue Koxu; BKM

1. BBeaenue

CrapeHue KOXHU MpPEACTaBIsIET cO00M CIIOXKHBIM OMOJIOrMUYECKU ()eHOMEH, MPOTEKAIOLIHI
0] BO3/ICHCTBHEM KOMILIEKCA BHYTPEHHUX (XPOHOJIOTUYECKUX, TOPMOHAIIbHBIX U T€HETUUYECKHX) U
BHEIIHUX (pakTopoB. K BHemHMM (akTopaM OTHOCSTCS BO3ACHCTBHE COJIHIA, 3arpsa3HEHUE
OKpYIKaloIllel Cpejibl, MUICBbIC MPUBBIYKK U XHUMHUYeckue BemectBa [1,2]. Tlo mepe crapenus
KOXHM KOJIMYECTBO (DAKTOPOB, pa3pyllalONIMX OENOK, TAKMX KaK MATPUKCHBIE METAJIONPOTECHHA3bI
(MMII), yBenuumBaeTcCsi, 4TO MPUBOAUT K HAPYIICHHIO OajlaHCa BO BHEKJIETOYHOM MATPUKCE
(BKM), mpencraBistonuM co00H HEKJICTOYHBI KOMIIOHEHT, OOECIICUMBAIONINN HEOOXOIUMBIHA
(u3nUecKuii KapKac U 3aIyCKarOIHi B&KHbIC OMOXMMHUYECKHE MTPOLIECChI B TKAHAX [2].

Bbonee toro, ¢ Bo3pacTtom noseiiienne ypoBHst MMII, nnruburopa akTuBaTopa mia3MUHOTeHA
¥ aKTHBHBIX (DOpPM KHCIOpOAa pa3pyliaeT IEeJOCTHOCTh CETel BOJIOKOH 3JIaCTHHA M KOJUIareHa U
BbI3bIBaCT MX Moaudukaipoo [2]. M3menenus B Oenkax BKM compoBoxmaroTcsi TakuUMU
MpU3HAKAMU CTapeHUsl KOXKH, KaK TIyOOKHe MOPIUIMHBI, IpsiOI0CTh, TYCKIOCTh U OOBHUCAHUE KOXKU
[1]. Takum oOpasom, crtumyssiius cuHTte3a Oenka BKM  sBisercs BakHBIM — (pakTopoMm,
IIPEIOTBPALIAIOIIMM CTAPEHUE KOKH.

JlepMa B OCHOBHOM COCTOUT 3 (puOP0OIACTOB, MPOIYIHPYIONIMX TEPBUIHBIC CTPYKTYPHBIE
KOMITOHEHTBI KOKH, B TOM YKCJI€ Pa3IM4HbIC THIbI KOJIIareHa, dyacTuHa u ¢ubpoHekTuHa [2].
OnTuManbHOE KOIMYECTBO U 3(Hh(HEKTUBHOE B3aMMOICHCTBUE ITHX KOMIIOHCHTOB HEOOXOAUMBI JIJIS
HOJICPKAHUSI HOPMAJIBHBIX (DU3HOIOTHYECKUX cBOMCTB Koku [3]. Koyaren siBisiercss Hambosee
pacipoCTpaHEeHHBIM BOJOKHHCTHIM OeikoMm uHTepcTunmansHoro BKM u cocrasiser mo 30% ot
oOmeli OeMKOBOM MacChl MHOTOKJIETOYHOTO >KMBOTHOTO. OH oOecreynBaeT IPOYHOCTh Ha
pacTsKEHHE, PEryIUpPYyeT aire3uto KJICTOK, MOIICPKUBACT XEMOTAKCUC U MUTPAIIHAIO M HATIPABIISET
pasButue TKaHei [2]. CymiecrByer moutu 30 THIOB KOJUIareHa, OJHAKO HE BCE OHU COJCPIKATCS B
BKM. BonokHa kosutareHa OpraHu3oBaHbl B (GUOpWMUIBI Ui oOecrieueHuss HEoOXO0IuMOH



CTPYKTYpPHOH LIEIOCTHOCTHU TKaHel. B wactHoctun, pubpusisl popmupyror komnarenst I, 1, 111,V u
X1 tunoB. Konnaren | Tuna siBnsieTcss [OMUHHpYIoled GopMoii, 0OHapyKMBaeMOM MOYTH BO BCEX
TKaHSAX, OCOOEHHO B CyXOXWIUSAX M Koxe. [[pyrue Tumbl KoisareHa oOHAapYy>KHUBAIOTCS TOJBKO B
OTIpeNIeICHHBIX O0JIACTSIX, HampuMep, KojuiareH |l Tuma cocTtapisieT OCHOBY XpSIIEH W POTOBUIIHI,
Toraa kKak koyutare |1l Tuna B OCHOBHOM HaXoJIUTCS B CTEHKaX KPOBEHOCHBIX cocyaoB. Kommaren
NpOIyLUpYyeTCsl HE TONbKO (uOpodiacTaMu, HO ¥ OSHAOTEIHAIGHBIMH M SIUTEIHATEHBIMH
KJeTkamu [4].

OnacTUH — BTOpOE TJaBHOE CTPyKTypHOe BojokHO BKM, wurparomiee BakHYIO poJib B
HOJICP)KAHUKM KOXKHOTO roMeoctasa [5]. OH 06iamaeT BBICOKOH 3JIACTUYHOCTHIO M 00ECIeYrBacT
TKaHSIM CIIOCOOHOCTh BOCCTAHABJIMBATHCS TOCIIC HEMPEPBIBHOTO pacTshkeHus [4].Dmactuueckue
BOJIOKHA COCTOSIT W3 MHKPOGUOPWILIIpHOrOo Kapkaca (0Opa3oBaHHOTO pPa3IMYHBIMH THIIAMH
TJIUKONIPOTEMHOB) U siZipa (COCTOSMIETO M3 CIIUTOrO JIACTHHA). DIACTUH CEKPETUPYETCS KIETKaMH
B BHUJIC BOJOPACTBOPUMOTO MPEIICCTBEHHNKA, HA3bIBAEMOTO TPOIIOAIACTHHOM, U MPEBPAIIAeTCs B
HEPacTBOPUMBI 3JIACTUH MOCPEICTBOM MEPEKPECTHOTO CBsA3bIBaHus [6]. B ominume ot KosuareHa,
CHHTE3 DJIACTHHA B OCHOBHOM IIPOUCXOAMT B PaHHEM W TO3JHEM HEOHAaTaIbHOM mepuoje. bomee
TOTO, CKOPOCTh CHHTE3a (PYHKIIMOHAJBHBIX KJIETOK TPOIIOIJIACTHHA WM DJIaCTUHA CHUXKACTCS C
Bo3pacTtoM [7]. CuHTEe3 3jacTHHA MPAKTHYECKH HE MPOUCXOAMUT B (puOpoOIacTax B3pOCIHBIX, U
MOBPEXXJICHHBIE DJIACTUHOBBIE BOJIOKHA HE BCerjga JOJDKHBIM O0pa3oM BOCCTaHABIUBAIOTCHL.
DnacTudeckue BOJIOKHA, OyJIy4d MOBPEXKACHHBIMH, HE MOTYT HOPMalbHO (DYHKIIMOHHUPOBATH, a
TKAaHW, KOTOpPbIC JOJDKHBI OBITh OSJACTUYHBIMH, CTAHOBSITCS TBEPABIMH, YTO TMPHBOJUT K
3a00JIeBaHHUSM CepJila, KPOBEHOCHBIX COCYOB, JIETKMX U KOkH [8]. Tlpy MMIUIaHTaluK BOJIOKOH
JNIACTHHA MOXET MPOMCXOAUTh WX KaJblIM(UKAIWS, BbI3BIBAIONIAS Pa3BHTHUE aTEPOCKIEPO3a,
3a00JICBaHUI CEPIICYHBIX KJIANIAHOB M KATBIU(PHUKAIMIO OMONCKYCCTBEHHBIX CEPICYHBIX KIIATIAHOB.
MexaHu3Mbl KalbIU(PHUKAIMKA 3acTHHA 10 cux mop HewsBecTHbI [9]. Takwm oOpasom, ceituac
WHHOBAIIMOHHBIE Pa3pa0OTKH HANpaBIIEHbl HA TMPABIIBHYIO CTHUMYJSIMIO CHHTE3a d3JacCTHHA C
LEJBIO MOICP)KaHUS TOMEOCTa3a U 3aMEeJICHUS! CTapEHHs KOXKH.

M3BecTHO Takke, YTO 371acTUH 00aanaeT 3(p(HEeKTUBHBIMU PAHO3LKUBIISAIOIIMMU CBOHCTBAMH,
B OCOOCHHOCTH Ha TIOCIEAHUX CTaAUSAX BHYTPUYTPOOHOTO pa3BuTHsa Iuioga. OmHAaKo y
HOBOPOXKJICHHBIX OSKCIIPECCUSI DJIACTUHA 3HAYUTEIHLHO CHUXKAETCS, YTO JIEJIaeT HEBO3MOXKHBIM
0e3pyO110BOE 3a)KUBJIEHUE paHbl. B sKcnepuMeHTax Ha pa3IM4HbIX KUBOTHBIX MOJENAX 3J1aCTUH
YCIIEIIHO TPUMEHSIICS B 00J1aCTH PaH B3POCIBIX 0COOeH IS yiydieHus ux 3axusienus [10,11].
Kapkacel Ha OCHOBE BOJIOKOH 3JIACTHHA IO3BOJISIIOT YCKOPUTH 3a)KHBJICHHE PaHBI, PETryIupys
muddepeHIMpoBKY (GuOpoOIACTOB M yydyllas pereHepanuio JepMbl M 3JaCTUYHOCTh KOXKH B
nenoMm [12]. Takxke OBUIO TMOATBEPXKACHO, 4YTO TPUMCHEHHE TIENTHIOB JJIaCTHHA OBLIO
TepaneBTHUECKU F(HPEKTUBHBIM Ha )KMUBOTHBIX MOZENsiX. CMeCh MENTHIOB dJacTHHA M JIAMUHHHA
YCHJIMBAJIA PESUTEIU3AIMIO TOBPEKACHHOTO yXa KpOJIMKA, a TMPOTEOIUTUYECKHI THUpPOIU3aT
AJIACTHHA YJIy4llIa] CHHTE3 DJIACTUYECKUX BOJIOKOH B JIepMalibHbIX (uOpodiacrax mbimu [13,14].
Jns  pa3pabOTKM HOBBIX METOJIOB JICYCHHS, CIIOCOOHBIX 00€CIeunuTh OBICTPOE | IOJHOE
32)KUBJICHUE PaH, HEOOXOIMMO JajbHEHIIee M3y4YeHUE BIHMSHHS DJIACTHHA HA 3aKUBJICHHUE paH y
B3pOCJIBIX U U0/, a TAK)KE CUTHAIBHBIX MEXaHU3MOB 3JIACTHHA B IPOLIECCE 3aKUBJICHUS PaH.

Kosaren u 37aCTHH MMEIOT aMHUHOKHCIIOTHBIH COCTaB, CBOMCTBCHHBIW TOJBKO JUIS HHX, H
OTJIMYHBIA OT Jpyrux OenkoB. TpoilHas chnupaidbHas CTPYKTypa KojutareHa ¢GopMupyercs
BCJICAICTBUE TPEOOIaJaHusi TPeX aMHUHOKHCIIOT: TIIMIMHA, TPOJMHA W TuapokcunponuHa [15].
DacTUH TaKXKe UMEET CXOMIHBIN C KOJUIAareHOM aMHHOKHCIIOTHBIM COCTaB M0 OCTaTKaM TJIMIIMHA U
IPOJIMHA, HO MPUMEPHO Ha 75% coctout u3 ruapodobubix octatkos (Gly, Val, Ala) [12]. TToatomy
MHOTHE WCCIIeOBaHMUs ObUTM HANpaBJiCHbl HA MOBbINICHHE YpoBHA OenkoB BKM ¢ momoribio
Pa3IMYHBIX KOMIIOHCHTOB AMUHOKHCIIOT.

HccnenoBatenu paHee MBITAINCh MHAYLUPOBaTh OHMOCHHTE3 JJIaCTUHA U KOJIIAreHa,
ABIAOLIMXCS KoMIToHeHTaMu BKM. DnacTuH U KoniareH U3BJIeKaau U3 dKUBOTHBIX U HOJBEpPraiu
THIIPOJIH3Y; KPOME TOTO, IPOBOJIMIN KJIETOYHBIE TECTHl M UCCIEIOBAHHS MEPOPATHHOTO BBEICHUS
[16-18]. Taxke u3ydanoch BO3JCUCTBHE MOIM(PEHOJOB, CTHMYJIHPYIOIIMX CHUHTE3 JJIaCTUHA |



koyutarena [19].

['mamypoHOBasi KHCIOTa XOPOIIO U3BECTHA CBOEH CMOCOOHOCTHbIO BOCHOJHSTH BJary B KOXKe
BCJICICTBHE CBOEH BOJOYACPKUBAIOIICH CIOCOOHOCTH, B pe3yJbTaTe€ 4Yero KOXKa CTaHOBUTCS
[NIaJKOM W YBJIAXKHEHHOW. YBI@KHEHHE KOXHU IO3BOJISIET 3aMeIIUTh OOpa3oBaHHWE MOPILMH U
YIAY4YLIUTh  TEKCTYpy KOxu. HyTpukocMeTMyeckue CBOWCTBA  TMAJypOHOBOM  KUCJIOTBI
CIOCOOCTBYIOT pEreHepaldy KJIETOK M CTUMYIHUPYIOT BBIPaOOTKY KojutareHa. ['mamypoHoBas
KHMCJIOTA yXK€ UCIOJIB3YETCS B psAJie NIPOIYKTOB, BKIIFOUAsl JEPMAJIbHBIC HATIOJHUTEIN U KOCMETHUKY
[20].

Jluzunokcunaza mpeAcTaBiseT coOOW Meab-coaepkamuid  GpepMeHT, HEeOOXOIUMBIN s
crabmwmm3aiun BKM u ¢depmeHTaTuBHOTO CimMBaHHUS KoJulareHa W djactuHa. CliemoBaTeabHO,
aKTUBAllMA JIM3WIOKCUAA3bl HEOOXoAMMa IS YBEJIMYEHHs CTAaOWILHOTO CHHTE3a dJacTHHA U
KoJIjIareHa. AKTMBHOCTD JIM3WJIOKCHJIa3bl IOBBIIIAETCA 34 CUET MEJIH, YTO ITOJ0KUTENBHO BIIHSIET Ha
CHHTE3 3JIaCTUHA U KoJutareHa [21].

[ToBBILIICHHBI HWHTEPEC BBI3BIBAET HCCICAOBaHUE A(PPEKTOB, CTUMYIMPYIOIIUX CHHTE3
9JIACTHHA M KOJIJIareHa, MOCPEICTBOM 3allyCcka MeXaHH3Ma OHOJIOTHYECKOW OOpaTHOM CBS3U C
MIOMOIIBI0 KOMOWHAIIMK MHHEPAIIOB ¥ aMHHOKHCIIOT, COCTaBJISIONIMX 3JaCTHH W KoJulareH. boee
TOT0, TIPOJIODKAETCS MOUCK JOMOIHUTEIbHBIX KOMOWHAIINH, CIIOCOOHBIX CTUMYJIMPOBATH SJIACTHH U
KOJUTareH C aMHUHOKHCIOTaMH. Pe3ysbTaThl paHee MPOBEACHHBIX HCCIICIOBAHUN ITOTBEP N
3 PEKTUBHOCTh BO3ICHCTBUS CMECH aMHHOKHCIIOT M THAIyPOHOBOW KHMCJIOTHI Ha CTUMYJIMPOBAHHE
CHHTE3a 3J1aCTHHA M KoJutareHa [22].

HenasHo ObLIO TIPOBEJCHO HCCieaOBaHKE IN VItro, 1eib KOTOPOro 3aKIouYaliaCh B OIIEHKE
BO3MOYKHOCTH CTUMYJIMPOBaHMs dKcrpeccuu OenkoB BKM B nepmanbHbIX (GuOpoOIacTax mnpu
MIOMOIIIM CTIENUAIBHO Pa3pabOTaHHOW CMECH aMHUHOKHCIIOT, MEIW M THAITYPOHOBOH KHCIOTHI
Hcnonp3oBaHHas CMECh MO3BOJIMIIA YBETUYUTh YPOBHH SKCIPECCHUH T'€HOB U OENIKOB KOJUIareHa U
amactuHa OoJiee YeM B JiBa U TPU pa3a COOTBETCTBEHHO. Pe3ysibTaThl UCTIBITAHUI TIOKA3allH, YTO JTa
YHUKQJIbHAs CMECh TIOCIEOBATENbHO crmocoocTByeT cuHTe3y Oenka BKM B gepmanbHbIX
¢udpobnacrax [23]. Tem He MeHee, HCOOXOIUMBI JaIbHEHUIIIME UCCIICIOBAHMS, TTOATBEPIKIAFOIINC
BO3/ICHCTBUE CTUMYJUPOBAHHMS CHUHTE3a HJIaCTMHA Ha 3aME/JICHHE cTapeHus Koxu. J[laHHoe
WCCIICIOBAaHUE BKJIFOYAJIO TPOBENCHUE KIMHUYCCKUX WCTBITAHUK pa3pabOTaHHON CMECH C IEJbI0
OIICHKU €€ aHTHUBO3PACTHOTO JCWCTBHUS, BKIIIOUAs COKpAICHHWE MOPIIUH, YBIOKHEHHE KOXKH,
MOBBIIIICHUE €€ ATACTHYHOCTH, TOJIIUHBI U THIOTHOCTH.



2. MarepuaJjbl 1 METOABI
2.1. HUccnedyemviii npenapam

Elastic Lab® — 3T0 mpoaykT, conepsKaiuii B CBOEM COCTaBE CMECh AMUHOKHCIIOT, TAKUX KaK
ruiuH, L-nponwnH, L-amanwn, L-Banmu, L-neiinuH, L-TM3MH  MOHOTHIPOXJIOPUI, MEIb |
THATYPOHOBYIO KHCIIOTY, ACHCTBHE KOTOPOTO HAMPABJICHO Ha 3aME/IJICHUE CTAPCHHS KOXKH.

Marepuainst

Cnucok 000pyIOBaHMs, HCIONB30BAHHOTO JUISI KaXJOro Iapamerpa, OILIEHHBAaeMOro B
Mccie0BaHuH, puBeieH B Tabnure 1.

Taoauua 1. O6opynoBaHue, UCIOJIH30BAHHOE B UCCIICIOBAHHH.

OuennBaemblie mapamMeTpbl
MopuiuHbl BOKPYT IJ1a3
BrnaxHocTe KOXH
BHuyTpeHHsIs 371aCTUYHOCTh KOXH
TonmyHa ¥ MIOTHOCTh KOXKH

Oo6opynoBanue
Antera 3D CS
Moisture meter D Compact
Dermal Torque Meter
Ultrascan UC22

2.2. Jluzaiin uccnedosanust

Hebonb1ioe oTKphITOE OJJTHOLEHTPOBOE MCCIe0BaHUE ObLIO mpoBeaeHo ¢ 21 okrsOpst mo 17
nexabpss 2020 roga B ['moOanbHOM IIEHTpPE MEIUIIMHCKUX HCCIEeNIOBaHMUA. B 00miel ClIoXHOCTH
TISTh NAIMEHTOB MPOILIN JISYeHHE ¢ oMOIbIo poaykTa Elastic Lab® st oneHku 3¢ dexruBHOCTH
€ro BO3/ICUCTBUSA HA OMOJIOKEHHE KOXKH, IPU 3TOM aHAITM3HPOBAIHUCH CIEAYIOUINE MapaMeTphl:
WU3MEHECHUsT MOPIIWH BOKPYT TJa3, BIAXKHOCTh KOXXH, BHYTPEHHSS 3JIACTUYHOCTH, TOJIIUHA M
IUIOTHOCTH KOKH. [lanimeHTam mpemnapar BBOJWIHM B KOXKY JIMIIA YETHIPE pa3a ¢ HHTEPBAIOM B OJIHY
Henento. OIEHKY UCCIEAyeMbIX MMapaMeTpOB U aHKETUPOBAHHE MAIMEHTOB BBIMOIHIIN TAKXKE 10
JCUSHHWsT W Yepe3 HeAeTI0 IIOoClie 3aBepIleHHs JIeYeHUs. Bpauu-IepMaTosiord  OICHUIH
0e30macHOCTh TPOAyKTa. KpuTepuw BKIIOYCHHS W UCKIIOYCHHS TAIMEHTOB B HCCIICIOBaHUE
npenacTanieHsl B Tabmuie 2.

Ta6auna 2. Kpurepun BKIIIOYSHUS U HCKIIFOUCHHUS TAIIUEHTOB B UCCIIEIOBAHUE.

Kpurtepun BriaroueHus

Kpurepun uckiawo4yenns

3}10pOBI)Ie B3pOCJIbIC MYKYMHBI U KCHIIUHBI B
Bo3pacre oT 25 no 60 ser.

CyOBeKTBI, KOTOPBIE MOTYT IPOYUTATh, TIOHITH U
nonucars GopmMy HHGOPMUPOBAHHOTO
COTJIACHHI.

Cy6’b€KTBI, JKEIarmue nu CITOCOOHEBIE BHITIOIHATE
BCC Tpe60BaHI/I$[ HUCCICA0OBaHUA.

OTCyTCTBUE OTKPBITHIX PaH, BOJIIbIpEi WK
KOXHBIX 3200JIeBaHUN B MECTE TPOBEACHHUS
HUCITBITAHUH.

He naxomsmuecs B mporiecce 100pOBOJIBHOTO
y4acTHus B IPYyTrOM HCCIEIOBaHUU.

JKeHuunel, KOTOpble 6epeMeHHbI NN
KOPMST TPyIbIO.

CyOBEKTHI ¢ Cephe3HBIMHU HITH
XPOHUYECKUMH 3a00JICBaHUAMH,
KOTOpBIE MOT'YT IIOBJIMATH Ha 3TO
KJIMHHYECKOE HCCIIeI0BaHuUE.

CyObeKTbI, MPOLIEIIIE
JepMaToJIOTHYECKUe IPOLEAYPHI 110
pasTIaKUBaHUIO MOPIIVH U
OMOJIOKEHHUIO KOXKU HIIM OMOJI0KEHHIO
KOXH B 30HE JICUCHHUS B TCUCHUE
OJIHOTO T0/1a 710 Y4acTusi B
HCCIIENOBaHN.




2.3. Cmamucmuyeckuil aHanus

JlanHple OBUIM MPOAHATU3UPOBAHBI C UCIOJIB30BAHMEM KPHUTEPUS 3HAKOBBIX PAHTOB
VYHUIKOKCOHA JUIsi OLEHKH pe3yJIbTaTOB YIYYIICHHUs COCTOSIHUS Koxku. IlapHblid t-xpurtepuii
CThIOICHTA UCTIOIB30BAIH IS OTPEICIICHUsI CTATUCTHYECKON 3HaUMMOCTH; Tipu 3HadeHuu P<0,05
pa3uyusl CYUTAIN CTATUCTUUYECKHU JOCTOBEPHBIMHU.

3. PesyabTaThl

Uccnenosanne npoxaykra Elastic Lab® 66110 TpoBeieHO ¢ IENbI0 ONEHKH 3(p(MEKTHBHOCTH
€ro BO3JICHCTBUS HA COKpAIICHHE MOPIIWH BOKPYT IJIa3, MOBBIMICHUE BIAXXHOCTH, BHYTpPEHHEU
DJIACTUYHOCTH, TOJIIIMWHBI MU IINIOTHOCTHU KOXHU. CKOpOCTL HU3MCHCHUSA PACCUUTBHIBAIM B IMPOLCHTAX
MyTEM BBIYATAHHS 3HAYCHUS IO JICUCHUS U3 3HAUCHUS IMOCIIE JICUCHHS M JCIICHHS €ro Ha 3HaYCHUE
U3MEPEHUS JI0 JICUCHHUSI.

3HA4YeHHe [0 JIeHeHHAd—3Ha4YeHH e I10CJie JIeHEeHUA

CKOpOCTb U3BMEHEHUS = (¢D)]

3Ha4YeHue [0 JIeYeHud

3.1. Mopwunet 6oxpye enas

['myOunHy (MM) MOPIIMH BOKPYT TJIa3 M3MEpHI ¢ moMomnipo ammapara Antera 3D CS mo u
nocie JsiedeHusi. CoryiacHO TOJYYEHHBIM pe3yiibTaraM, TJyOMHa MOPIIMH BOKPYT TJia3 y BCEX
HAlMEHTOB YMEHbIIMIACHh (cpeauuii pasmep ymenbimics ¢ 0,067 mm 10 0,061 mm, Puc. 1) mocie
JICYCHUS, TIPH ATOM CPEAHSS CKOPOCTh M3MEHEHHs cocTaBmia -8,955.

Cpennsis BeJIM4MHA IJIyOMHbI MOPIIMH BOKPYT ry1a3 (Mm)

0.067
0.066
0.065
0.064
0.063
0.062
0.061
0.060
0.059
0.058

[o neyeHuns [Mocne neyeHuns

Puc. 1. Cpennue 3Ha4ueHUS pe3yIbTaTOB U3MEPEHUs TITyOMHBI MOpIIrH BOKpyT rina3. 0,067 + 0,038
MM 110 nedenus, 0,061 + 0,033 MM mociie neueHus



3.2. Braosrcnocmow xoorcu

Bnaxxnocts koxu (%) u3mepriin ¢ nmomoiisio ammnapara Moisturemeter D Compact ¢ tenbio
CpaBHEHUSI YBJIQKHEHHS KOXHU 10 M IOCIE NMPUMEHEHHUs ucciemayemoro npoaykra. ComaepkaHue
BJIaTU B KOJK€ Y BCEX MAIIMEHTOB YBEIUYMWIOCH (CPEIHSS BIAKHOCTh KOXKH yBennymiack ¢ 48,900%
10 55,893%, Puc. 2), mpu 3ToOM CKOPOCTh M3MEHEHUS Takke yBenuumiack Ha 14,301%.

CpenHee 3HaYeHHe OKa3aTes BiaakHocTH Koxu (PWC, %0)

56
54
52
50
48
46

=

[o neyeHunn [Mocne neyeHus

Puc. 2. Cpennue 3Ha4eHUS Pe3yIbTaTOB M3MEPEHHS BIOKHOCTH KOXH. 48,9 £+ 4,126% m0 nedyenus,
55,893 + 3,371% mnociie eueHus.

3.3. BuympenHsis o1acmuyHOCHb KONMCU

Armmapar Dermal Torque Meter ucronb30Banu s U3MEPEHUS 3JIaCTHYHOCTH KOXKH JIHIIA
(Ur/Ue) m oIEHKH CKOpPOCTH TPOU3OLICIIINX H3MEHEHHH. AHAJOTMYHO APYTHMM pe3yJbTaTam
WCCIIC/IOBAaHMS, y TMAIMEHTOB IOBBICHIACH JJIACTHYHOCTh KOXKHM (CpeImHssl BEeJIMYMHA TOKa3aTess
BHYTPCHHEW DIIaCTUYHOCTH KOku moBbicmiack ¢ 0,350 Ur/Ue mo 0,432 Ur/Ue, Puc. 3).
ONacTUYHOCTh KOXH yBenuumiach Ha 26,429%, 4ro ObUIO MAaKCHUMaJIbHBIM YIIyYIIEHHEM Cpeau
JPYTUX UCCIIETYEMBIX ITOKa3aTeeH.

Cpennsisi BeJJMUHHA MOKA3aTelIsl BHyTpeHHeil daacTuunoctn ko:xu (Ur/Ue)

0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

o neyeHuna [Mocne neyeHus

Puc. 3. Cpennaue 3HaueHNs pe3yIbTaTOB U3MEPEHHSI BHYTPEeHHEH anactuyHocty koxxu. 0,3 + 0,029
1o neyenud, 0,432 + 0,06 nociie ieyeHu.



3.4. Tonwyuna Kodxcu

TonmmuHy KOXHU W3MEpPWIH (MKM) W3MEPWIH IyTeM YJIBTPa3BYKOBOH BH3YyaIH3alluU
ammapatom Ultrascan UC22. ¥V kaxaoro mamgeHTa ObUIO OTMEYEHO YBEIMYCHHE BETMUYHHBI
MOKasaTess TOJIIUHBI KOXHW (CPeIHSs BEIWYWHA ITOKA3aTelsl TOJIIUHBI KOXKH YBEIUYHIACH C
1652,800 mxm 1o 1773,800 mkm, Puc. 4), mpu 3ToM CKOpOCTh U3MEHEeHHUs cocTaBmia 7,321%.

Cpennsisi BeJIMYUHA NMOKA3aTeJIs1 TOJIHHBI KOKU (MKM)

1780
1760
1740
1720
1700
1680
1660
1640
1620
1600
1580

o neyeHus [Mocne neyeHus

Puc. 4. Cpennue 3HaueHHs pe3yibTaTOB U3MEPEHUs TONIIMHBI KOXH. 1652,8 + 302,064 MmxMm 10
nedyenus, 1773,8 £ 293,577 MxMm 1ocie JICUCHH.

3.5. IInomuocme kooxcu

[T10THOCTH KOKM M3MepHIH (MKM) TIPU ITOMOIIHX YJIBTpa3BykoBoro ckadepa Ultrascan UC22.
[IpuHumn npeiicTBUs anmapara CICIYIOLIH: KOPOTKHM JJIEKTPUYECKHM UMITYJIbC TE€HEPUPYETCS
FeHepaTOpOM HMITYJICOB M TpeodpasyeTcsi B YIbTPa3BYKOBOM CHUTHAN uepe3 YJIbTPa3BYKOBOM
npeoOpaszoBaTenb; YJIbTPa3ByKOBbIE CUTHAJBI MEPENAIOTCS Ha KOXKY, CO37aBasi HEOJHOPOJHBIE
(KJIIeTOYHBIE, COCYIUCTBIC U JIp.) OTPAKECHUS WIH «IX0» TKAHU; JaJie€ dXO-CUTHAJBI IPUHUMAIOTCS
OHUM W TEeM J>K€ IpeoOpa3oBareieM M IMPeoOpasyroTcs B DJICKTPUYECKHE CHUTHAJBI, KOTOpBIE
OoIM(POBBIBAIOTCSI, COXPAHAIOTCI U 00pabaThIBAIOTCS B KOMIIBIOTEpPE M  OTOOpKCHHS
M300pakeHusl, TOJYYEHHOTO yJIbTPa3BYKOBBIM aIllapaToM.

VY manueHToB ObUIO OTMEUEHO MOBBIIICHHE TUIOTHOCTH KOXkH (Puc. 5), ckopocTh M3MeHeHuUs
cocraBwia 12,509%. Ha Puc. 6 mokazaHbl cpeiHHE 3HAYECHUS YBEIMYCHUS IUIOTHOCTU KOXHU
HalMeHTOB.



CpenHsisi BeJIHYNHA MOKA3aTeJsl IVIOTHOCTH KOKU (MKM)

62
60
58
56
54
52
50

o neyeHus [Mocne neyeHus

Puc. 5. Cpennue 3HaueHus pe3yJbTaTOB M3MEPEHMsI TUIOTHOCTH KOXH. 53,88 + 2,72 MKM 10
sneyenus, 60,62 £ 4,201 MxMm mociie JiIeueHus.

Puc. 6. [lonyyeHHbIe CHUMKH IJIOTHOCTH KOXU. CyOBEKT 2: IUIOTHOCTh KOXKHU 70 jieueHus (A) u
depes OJIHy Heaelro mocie 3aepiienus edenus (B). Cyonekr 3: [TnotHOCTh KOXHM 10 JeueHus (C)
U Uepe3 OJIHy HeJeIo mocsie 3aBepuicHus euenus (D).

3.6. Oyenxa beszonacnocmu

Onenka TOOOYHBIX PEAKIMA MPOBOJAWIACH BpadaMH-I€pMaToioraMyd W TalueHTamu. B
TEUCHHE TEPHOJa TMPOBEACHUS KIMHUYECKUX HCIBITAHUN HHU OJHOTO COOONICHHS O BBISBICHHBIX
NMOOOYHBIX PEAKLHUAX HE MOCTYIUIIO.



3.7. Cmamucmuyeckuii aHanus

B Tabnune 3 npeacTaBieHbl 3HAU€HUSI CKOPOCTU U3MEHEHHUS U CpEAHME 3HAYSHHS 10 U MOCIe
JICUYCHUs JJI KKJIOTO MapameTpa, OIEHHUBAEMOrO B MCCIEIOBAaHUU. 3HAUEHUS KpUTEpus P ObuH
MOJTyY€HBI 10CJIE€ OTIPEAETICHUS] KPUTEPHs 3HAKOBBIX PAHTOB YMIIKOKCOHA M MPHUBEIEHBI B TaOIUIE
JUTSL OLIEHKH JTOCTOBEPHOCTH MOTYYEHHBIX pazinuunii. OqHaKO u3-32 HEOOIBIIIOTO YUCIIa YIaCTHUKOB
MCCJIEAOBAHMS CTATUCTUYECKAs 3HAYMMOCTh OKa3aJlaCh OTHOCUTEIILHO HU3KOM.

Ta6auna 3. CpaBHeHHE OLIEHUBACMBIX MTAPAMETPOB JI0 U TIOCIIE JICUCHHSI.

Cpennee 3Ha4eHHE CKkopocTh
OueHUBaeMbIe MapaMeTpbl p -3HavYeHHue
o Jeuenust Iocie Jieyenns H3MCHCHUHA
MopInuHBI BOKPYT TJia3 0,067 + 0,038 MM 0,061 + 0,033 MM -8,955% 0,042
Biaxuocrs K0XxHU 48,9 +4,126% 55,893 + 3,371% 14,301% 0,043
BHYTpeHHsS 371aCTHYHOCTD KOXKH 0,35 +£ 0,029 Ur/Ue 0,432 + 0,06 Ur/Ue 23,429% 0,042
TommuunHa KOXHA 1652,8 + 302,06 MM 1773,8 + 293,58 MM 7,321% 0,043
ITnoTHOCTE KOXHU 53,88 + 2,72 MxkMm 60,62 + 4,201 Mmxm 12,509% 0,042

4. OO6cyxaeHue

CrapeHue KOXKHU CBSI3aHO C M3MEHEHHSMHU BHEKJIETOYHOI'O MATPUKCA JCPMBI TOJ ACHCTBUEM
KOMOMHAIIMM BHYTPEHHUX W BHEIIHMX (akTopoB. Hambosnee 3ameTHyr0 pojib B 3TOM IpoLEcce
urpaetr amcOaraHC MEKIY CHHTE30M M Jerpajgaiyeil KOMIIOHCHTOB BHEKJIETOYHOTO MAaTpHKCa
(BKM), criocoOcTByOMIMi BO3pacTHOMY 0Opa30BaHMIO0 MOPIIMH [24]. B yacTHOCTH, yMEHbIICHUE
KOJIMYECTBA M Pa3pyllIeHHE BOJIOKOH KOJUIAreHa M 3JIACTHHA, ONPEAEISIONUX IaCTUYHOCTh KOXKH,
NPOMCXOIUT BCIICACTBHAE BO3ACHCTBHUS NMPOTEONMTHUYECKUX (pepmeHToB, Takux kak MMII [2]. B
OpeIbIAYIINX HCCIEAOBAaHUSAX YMEHBUICHHE COJEp)KaHUs 3JIaCTMHA M KOJUIareHa B JepMajlbHOM
CJI0€ KOXKH YeJIOBEKA U3YYasIH C TIOMOIIBI0 MHOTO()OTOHHON MUKpOCcKonuH [25,26].

B ommume ot Oonee MOJOIOM KOXM, B BO3DacCTHOM KOXK€ OOHapy>KHMBaIOTCS
(dparMeHTHpOBaHHBIE W JETPAJUPOBABIIME BOJOKHA KOJJIar€HAa W OJJIacTHHA. B pesynbrate
yCUJICHMS JeTpajallud M 3aMe[JieHHs OMOCHHTE3a KOJUIAar€HOBBIX M AJIACTMYECKUX BOJIOKOH
Bo3HMKaeT ux aedummr [27]. KomnareH W 21acTHH y4acTBYIOT HE TOJBKO B €CTECTBEHHOM
BO3PACTHOM CTapeHUH KOXH, HO M B CTapEeHHH, BBI3BAaHHOM Bo3aeiicTBuem Y®D-mydeir [28].
JlaHHbIN mpollecC HOCHUT HAa3BaHUE «COJIHEYHOIO 53J1acTO3a» M, B OTIMYME OT SHAOTCHHOIO
CTapeHHsl, XapaKTepU3yeTCsl HAKOIJICHHEM HEe(QYHKIMOHAJIbHBIX U JI€30praHU30BAHHBIX BOJIOKOH
snactuHa To Bceil gepme. Ilpu HeonmHokpatHOM Bo3naedcTBuu Y®-mydeit Ha koxy, MMIIL,
NpeCTaBIAoas cCO00N (pepMeHT, pa3pylIaoLIMii BOJOKHA JIACTUHA M KOJUIareHa, akTUBUPYETCs
Y BBI3BIBACT MX JCTPAJAIMIO, YTO IPUBOJIMT K yTpaTe Koxei snactuanoctu [29].

B cBowo ouepenp, aeduuur u Aerpamanus KOJIAT€HOBBIX M JJIACTMYECKUX BOJIOKOH
BBI3BIBAIOT TaKWEe KIMHUYECCKHE HW3MCHCHHS KOXXM KaKk MOPIIHMHBI, APSO0IOCTh W yTpaTa €ro
anmactuuHoctd [27,29,30]. KnuHMYeckwe MNpU3HAKK CTapeHHs 10 CBOUM OHOMEXaHUYECKHM
CBOIMCTBAM HWMEIOT OOIIWE YepThl: YMEHBIICHHE IUIOTHOCTH W (pparMeHTaIus KOJUTareHOBBIX
BOJIOKOH, aTpO(Hsl CETH DJIACTHYCCKUX BOJIOKOH M YMEHBIIICHHE TOMIIUHBI Koxku [30].

Pe3ynbpTaThl 0IHOTO U3 UCCIIEIOBAHMI MTOKA3ald, YTO SJACTHYHOCTh KOXHU OBICTPO CHUKAETCA
B miepuon ¢ 20 1o 40 yieT, BCIeACTBUE Yero TITyOrHa MOPIIUH OBICTPO YBEINYHBACTCS B BO3PACTE OT
40 mo 60 mer [31]. IMonydyeHHbIC MaHHBIC KOCBEHHO YKAa3bIBAIOT HAa TO, YTO CTapECHUC KOXKHU
HAYMHACTCS C YTPAThI €0 3JACTUYHOCTH, a 3TO O3HAYAET, YTO YXOJ 3a BO3PACTHON KOXKEH ciemyer
HAUMHATH C TIOBBINICHUS €€ DJAaCTHYHOCTH. TakuM o0pa3oM, TMOIACpKaHUE aJCKBATHOTO
konumdectBa OenkoB BKM sBnsiercss Hambonee 3¢ (EKTHBHBIM pelICHUEM, CIOCOOCTBYIOUIUM
3aMEJJICHUIO CTaPCHUS KOXKH.



Penpe3eHTaTUBHBIM METOJOM MOAJEpPXKAHUA HaAJJIeKalero kojiuuyecrsa OenkoB BKM
ABJIIETCS YBEIMYEHNE CUHTE3a NPE/ILIECTBEHHUKOB 3TUX OEJIKOB M CO3[[AHNE HAUIEKAIIUX YCIOBUH
JUTSL JTY9IIETO TPOIyIUpOBaHusI KiIeToK. [lomoxuTensHoe BIusHue Ha cuHTe3 O0enkoB BKM Ttakke
OKa3bIBaE€T NMPUMEHEHHE TAKMX KOMIIOHEHTOB KaK ME[b, BCIICICTBUE AKTHUBAIMH JIM3MIIOKCHIA3BI
[32]. Pesynbrarbl HemaBHO MPOBEICHHBIX HCCICIOBAHUA HOATBEPIMIN YCUIICHHE AKCIIPECCUH
6enkoB BKM — komnarena u snactuHa — B puOpoOnacTax Ko yeiaoBeka Oosee 4eM B J1Ba U TPH
pa3a COOTBETCTBEHHO, Onarojapsi MPUMEHEHHIO CIICUAIEHOM CMECH, COCTOSIIICH W3 aMHHOKHUCIIOT,
MEJIM ¥ THAITyPOHOBOI KHCIIOTHI [23].

AHTHBO3pacTHOe jeiicTBue mnpoxykta Elastic Lab® B coctas koToporo BXomAT
AMUHOKHUCJIOTBHI, M€lb U THAJypOHOBas KHUCIIOTa, OBLJIO TMOATBEPKIACHO pPE3yJIbTaTaMH JTAaHHOTO
uccnenoBanusd. [IpoAyKT NMpuUMEHWIM YeThIpe pa3a Ha IATH MalMEeHTaXx C MHTEPBAJOM B OJHY
HEJIeNI0, MOJyYeHHbIE pe3yJIbTaTbl OLEHWIN Yepe3 HEENo nocie 3aBepuieHus jgeueHus. [lo Bcem
OIICHUBAEMBIM IapamMeTpam ObIJI0O OTMEYEHO CYIIECTBEHHOE MOBBINIEHUE MOKa3aTeneil. B cpeqnem
rilyOMHa MOPIIMH BOKpPYT IJa3 yMeHbIIWwIach Ha 8,955 %, BIaKHOCTb KOXHU yBEJIMYMIACh Ha
14,301 %, snmacTHYHOCTh KOXHM yBenmuwiach Ha 23,429 %, TommuHAa W TUIOTHOCTH KOXH
yBenmuumnuch Ha 7,321 % u 12,509 % coorBeTcTBeHHO. OCOOEHHO Ba)KHO OTMETHTh M3MEHEHUS
MoKasaresel 3JJaCTUYHOCTH, TOJIIIHUHBI ¥ IJIOTHOCTH KOXU, MOKa3aBIlIke HAuOOIbIIUNA POCT.

Armmapar Dermal Torque Meter ucronp30Baau UIss U3MEPCHUS DJIACTHYHOCTH KOXKH JIHIIA.
JlaHHBIN armapar OKa3bIBa€T MOCTOSHHYIO HArpy3Ky Ha KOXKY IIyTEM BPAILLECHUS JHUCKA IO KPYTOBOM
CXeMe JUid M3MEpEeHHsl YrjoBOro BpallleHHs. AmNmapar omnpeAenseT BpallleHHe Kak YTJIOBYIO
neopmanuio U (QUKCUPYET BOCCTAHOBJIEHHE KOXH mociie cHatusi Harpy3ku [33]. CormacHo
JAHHBIM TPEIBIAYIIET0 HCCIeIOBaHUs, NPH CPAaBHEHUH H3MEpPEHHM, MOJYYEHHBIX MPH MOMOIIU
anmapata Dermal Torque Meter, kytomerpa u aepMaibHOrO (hazoMeTpa, MOKa3aTeaH TITyOHWHbBI
NPOHUKHOBEHHSI KOXH, H3MepeHHbIe anmaparoMm Dermal Torque Meter u kyroMeTpoM, ObLIH BBIIIIE
MoKazaTeNe, M3MEpPeHHBIX nepMaibHbIM (azomerpoM. Hambosiee TouHBIE pe3yabTaThl ObUIH
noJTydeHsl py oMoty anmapara Dermal Torque Meter [34].

[TonyyeHHBIC TaHHBIE COMIACYIOTCS C pe3yJbTaTaMU paHee MPOBEIACHHOTO UCCIEAOBaHHS IN
VItro, 1enb KOTOporo 3akiarodanach B oleHKe 3()(HEeKTHBHOCTH BO3JCHCTBHS CMECH aMUHOKHUCIIOT Ha
cunre3 0enkoB BKM. Cmecs 3 aMHHOKHUCIIOT U JOITOJIHUTEIIbHBIX KOMITIOHEHTOB, HCIIOJIb30BaHHAA
B UCCJIEZIOBaHKH IN VItro, mo3BoJINIIa MOBBICUTh AJIACTHYHOCTD, TOJIIIMHY U TNIOTHOCTh KOXKH 33 CUET
CTUMYIMpoBaHus cuHTe3a OesnkoB BKM — konnarena u snactuHa — B AepMalibHbIX (uOpodIacTax.
OpHako wm3-3a HEOOJBIIOTO YHWCIIA YYACTHUKOB WCCICNOBAHUS CTATHCTUYECKAass 3HAYUMOCTh
OKa3ajach OTHOCHUTENIbHO HHU3KOH. [IoaTOMy HEOOXOIUMBI TOMOIHUTEIbHBIE KPYIHOMACIITaOHbIE
KIIMHUYCCKUEC UCIIbITaHUA. KpOMe TOrO, HCOGXOI[I/IMBI HCCJIICOOBAHUSA 10 U3MCPCHUIO N3MCHEHUHU
COJIep’KaHUs SJACTHHA U KOJUIareHa B pe3yJibTaTe MPUMEHEHUS MPOIYKTa B TKaHSIX Pa3IUYHBIX
MOJIEJIEH C UCTIOB30BaHHEM MHOTO()OTOHHONW MUKPOCKOITHH.

5. 3akjao4YeHue

C Bo3pactom pnerpanarus KoMrnoHeHToB BKM BbI3bIBaeT Takue KIMHUYECKUE HM3MCHCHHSI
KOKM KakK TIyOOKHE MOPIIHMHBL, JApSI0IOCTh, TYCKJIOCTh, OOBHCAaHHME KOXH W yTpaTra e€ro
3MacTHYHOCTH. [IpoBeIeHHBIE MCCIIEAOBAHMS MOTBEPANIN, YTO IPUMEHEHHUE CMECH, COIEPIKaILEH
AMUHOKHCJIOTBI, MUHEPAJIbl ¥ THATYPOHOBYIO KUCIIOTY YCHJIMBAeT OMOCHHTE3 BOJIOKOH 3JacTHHA U
KoJutareHa B (uOpobiactax JepMbl, YTO, B CBOIO OYepelb, MO3BOJSET MOBBICHTH JJIACTUYHOCTH
KOXKH U PEIINTh TaKue MpOoOJIeMbl KOXKH, KaK TOHKHE JTMHUH, TIOKPACHEHHE M PACIINPEHHBIC TOPBI.
IloMHUMO ITOBBIIIEHUS 3JIACTUYHOCTU KOXH, 3J1aCTHH 06J1az(aeT BBICOKMMH PAHO3AXKUBJIAIOIINMU U
pEreHepUpYIONIMMU CBOMCTBaMU. JIJIsl TIOJHOTO TOHMMAHUS CBOWCTB W MEXAHH3MOB JCHCTBHUS
9JIaCTHHA HEOOXOIMMO MPOBEICHUE MATbHEWIINX HCCaenoBaHuid. Kpome TOro, craTucTHYeckas
3HAQYUMOCTh HACTOSILEr0 HCCIEIOBAHUS OKa3ajach OTHOCUTEJIBHO HHU3KOW H3-3a HEOOJBIIOro
YKCJIa €r0 YYACTHUKOB, MTOATOMY HEOOXOIMMO MPOBEJACHUE JTOTIOJHUTEIBHBIX KPYITHOMACIITAOHBIX
KJIMHUYECKUX UCTIBITAHUH JUTS TIOTyYEHHsI JOCTOBEPHBIX HAYYHBIX U CTATUCTUYECKUX JTAHHBIX.



Bkuaaa aBropoB: Pa3pabotka konuenimu uccienoanus, M.-C.K.; merononorus, M.-C.K.;
nporpammHoe obOecneuenne, M.-C.K.; Bamupmanus, M.-C.K.; dopmanpubiii ananus, M.-C.K.;
nposeaenue uccienoranus, M.-C.K.; ucrounuku nanueix, M.-C.K.; KypupoBaHue naHHBIX, M.-
C.K.; nanucanue nepsuunoit pykonucu, M.-C.K. u K.-3.K.; pegaxtupoBanue pykonucu, M.-C.K. n
J.-K.JL; Buzyamuzaums, M.-C.K.; konrpons, M.-C.K.; agmunuctpupoBanue npoekra, M.-C.K. un
C.-X.C.; npusneuenue punancupoBanusi, M.-C.K. Bce aBTOpbI 0100pHIM OKOHYATENIBHYIO BEPCUIO
PYKOIHMCH U COTJIACUIIUCH C €€ MPEICTaBICHUEM K ITyOJIMKaIUH.

®unancupoBanue: lccnenoBanue Obuto mpoduHaHCHpoBaHO KopeickuM HWHCTUTYTOM
Pa3BUTHS CTAPTANOB U MPEATPUHUMATEIbCTBA, HOMep rpaHta 10271672.

3asijiende MHCTUTYIIMOHAJIBHOTO HaO0/I0ATEIBLHOIO coBeTa. lccienoBanuwe OBLIO
IIPOBEJICHO B COOTBETCTBMM C XEJIbCHUHKCKOHN Jekjapauueidl u oJo0peHo MHCTUTYyIHHOHAIbHBIM
HaOIroaTeNIbHBIM coBeToM [1o6anbHOrO 1HeHTpa MeaunuHekux uccienosanuii (Ne GIRB-20022-
FT, 22 nexabps 2020 r.).

3asgBinenne 00 wuHpopMupoBaHHOM coryiacmm: Bce mammeHThl  gjanm cBoe
MH()OPMUPOBAHHOE COIJIaCHe Ha YyYacTHE B HCCICIOBAaHWUM IOCIE TOro, Kak ObUIA IOJHOCTHIO
00BSICHEHA €T0 CYTh.

3asiBjieHHe O [JOCTYMHOCTH JaHHBIX: JlaHHBIE MOryT OBITh 3alpOINCHB Y aBTOPa,
OTBEYAIOIIETO 32 MEPENUCKY.

BaaropapnocTh: Bce aBTOpbl  MCCIEIOBAHUS BBIP@KAIOT CBOK  OJIarOAApHOCTh U
pU3HATENBbHOCTh KOpeliCkoMy MHCTUTYTY CTapTaloB U Pa3BUTHUS NPEAIPUHUMATENLCTBA.

Kondumkr unrepeco: M.-C.K. sBiasercs pykoBoautenem kommnanuu Elastic Lab Inc. K.-
O.K. u [.-KJL. sBuswoorcs corpyanukamu kommanuu Elastic Lab Inc. Bee ocranshbie aBTOpPBI
3asBJISIFOT 00 OTCYTCTBUH KOH(DIMKTA HHTEPECOB.
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.HI/ILIeH3I/Iap HC MOXCT JIMIIUTb BaC 3TUX IIpaB A0 TEX IOP, IIOKa BbI CO6J'II-O)18.CTC CJICOYIOIINEC

YCIIOBUSL:

VYka3aHue aBTOPCTBA — TOJB30BATENbh O053aH yKa3aTh COOTBETCTBYIOIILYIO
nH(pOpPMAIIHNIO, TPEJOCTAaBUTh CCHUIKY Ha JIMIIEH3UIO M yKa3aTh, ObUIM JM BHECEHBI
W3MEHEHUS. DTO MOKHO JIeaTh JIIOOBIM pa3yMHBIM CIIOCOOOM, HO HH B KOEM CIIydae
HE TPEATOIATraloIiM, YTO JIMIIEH3UAp OJ00pseT Bac MM Ballle HCIIOJIb30BAHHUE.

Hukakux [ONOMHUTENBHBIX OrpaHUYEHHH — Bbl HE HMeeTe IpaBa NPUMEHSATh
IOPUIUYECKHE YCIOBUS WIM TEXHOJIOTMYECKUE MEpPBI, KOTOPBIC IOPUIUYECKU
OTPaHUYMBAIOT APYTHX B BBIITOJHEHHH YETO-THO0, Pa3peIIEHHOTO JIUIICH3UEH.

YBeaomiieHuA:

Ilonp30Barens He 00s3aH CO6J'IIO)IaTB YCJIIOBHA JIMICH3WHM B OTHOLICHUH JJICMCHTOB
Marepuala, HaXOOAIIHUXCA B O6H_[€CTBCHHOM AOCTOSIHMH, WM B TEX ClIydasdX, Koraa
Bale HUCIOJIb30BAHUEC Pa3pCUICHO MMPUMCHUMbBIM UCKIIOYCHHUEM WM OTPAHUYCHUCM.

Hukakux rapantuii He paercda. JIMIEH3WsT MOXET HE NPEAOCTaBIsATh BaM BCEX
paspelnieHui, He0OXOIUMBIX JJI HCTIOJIb30BaHUs 10 Ha3HaueHuio. Hanpumep, npyrue
HpaBa, TAaKHEC KakK Hy6JII/I'-IHOCTI), HerI/IKOCHOBeHHOCTI) I-IElCTHOI\/JI KU3HU WU
MOpajbHbI€ NMPaBa, MOTYT OTPAHUYUBATH TO, KK Bbl UCIIOJIb3yETE MaTEpHaI.

I'noccapuit

amino acid composition — aMMHOKHCIIOTHBIN COCTaB
anti-aging effects — anTuBo3pacTHoOe JeiicTBHE
collagen and elastin fibers — BomokHa kojutareHa u >JacTHHA
cross-linking — mepekpecTHOe CBSI3bIBAaHHE
cuproenzyme — mMeap-cojepskariuii pepMeHT

dermal fibroblasts — nepmanbHbie HruOpoOIACTHI
elastin calcification — kanprdukanms 3acTHHA
elastin synthesis — cunres s1actuHa

extracellular matrix — BHEKJICTOUHBII MaTPUKC
fibroblast — ¢pubpodmact

hyaluronic acid — ruanmypoHoBast Kuciora

laminin peptides — menTuap! TaMuHIHA

L-lysine HCL — L-113uH MOHOTHIPOXJIOPHT

lysyl oxidase — nu3unokcuaasza

microfibrillar scaffold — mukpodubpuIIpHEIT Kapkac
multiphoton microscopy — maorooToOHHAasI MUKPOCKOITHS
proteolytic digest — mpoTeosuTHYECKHI THPOIH3AT
signaling mechanisms — curuanbHbIE MEXaHU3MBI

skin aging — crapeHne KOXH

skin density — MIO0THOCTH KOXKHU

skin elasticity — 3;1aCTHYHOCTD KOKH

skin moisture — BIaKHOCTb KOXKH

skin thickness — TonmuHa K0XH

solar elastosis — conmHeuHsI#t 2:1aCTO3

triple-helical structure — TpoiiHas cripanbHast CTPYKTypa
wound-healing properties — paHo3a)XHBJISIOIINE CBOWCTBA
wrinkle reduction — cokpaiteHnue MOPIIHH



cosmetics

Article

Evaluation of the Efficacy of an Elastin-Inducing Composition
Containing Amino Acids, Copper, and Hyaluronic Acid:
Results of an Open Single-Center Clinical Trial Study

Man-Seok Kim 1'*, Ko-Eun Chun !, Dong-Keun Lee ! and Seh-Hyon Song 2

check for
updates

Citation: Kim, M.-S.; Chun, K.-E;
Lee, D.-K.; Song, S.-H. Evaluation of
the Efficacy of an Elastin-Inducing
Composition Containing Amino
Acids, Copper, and Hyaluronic Acid:
Results of an Open Single-Center
Clinical Trial Study. Cosmetics 2022, 9,
51. https://doi.org/10.3390/
cosmetics9030051

Academic Editor: Nobutomo
Ikarashi

Received: 15 April 2022
Accepted: 15 May 2022
Published: 16 May 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Elastic Lab Inc., 8, Seongnam-daero 331beon-gil, Bundang-gu, Seongnam-si 13558, Korea;
elasticlab.kechun@gmail.com (K.-E.C.); elasticlab.dk@gmail.com (D.-K.L.)

College of Pharmacy, Kyungsung University, Busan 48434, Korea; shsong@ks.ac.kr

*  Correspondence: elasticlab.kr@gmail.com; Tel.: +82-70-7537-0380

Abstract: The degradation and reduction in number of extracellular matrix (ECM) proteins are
representative biological changes associated with decreased elasticity resulting in various skin
problems. Elastin is an ECM protein that plays an important role in maintaining the skin’s structure.
It is highly elastic and helps the tissue regain its shape after stretching or contracting. We aimed
to evaluate the efficacy of the product containing amino acids, copper, and hyaluronic acid on the
improvement of skin aging. A small open single-center study involved four treatments performed
on five subjects at 1-week intervals with Elastic Lab®. As a result, eye wrinkles, skin moisture,
inner elasticity, thickness, and density were improved 1 week after the last treatment in all subjects
compared to the baseline. Among all evaluation items, skin elasticity, thickness, and density showed
significant increases. Therefore, by using a composition containing amino acids, minerals, and
hyaluronic acid, the biosynthesis of elastin and collagen in the skin increases, restoring skin elasticity
and improving various skin problems.

Keywords: elastin; collagen; hyaluronic acid; skin elasticity; skin density; skin moisture; wrinkle;
skin thickness; skin aging; ECM

1. Introduction

Skin aging is a complex biological phenomenon that is affected by a combination of
intrinsic (chronological, hormonal, and genetic) and extrinsic factors. The extrinsic factors
include sun exposure, pollution, dietary habits, and chemicals [1,2]. As skin ages, protein
degrading factors such as metalloproteinases (MMPs) increase, resulting in an abnormal
balance in the extracellular matrix (ECM), a noncellular component that provides essential
physical scaffolding and initiates crucial biochemical activities in tissues [2].

Moreover, the increased MMP, plasminogen activator inhibitor, and reactive oxygen
species levels destroy the integrity of elastin networks and modify collagen fiber networks
with aging [2]. Such changes in ECM proteins lead to skin aging phenotypes, including deep
wrinkles, laxity, dullness, and sagging [1]. Therefore, stimulating ECM protein synthesis is
an essential approach to preventing skin aging.

The dermis is mainly composed of fibroblasts that produce the primary structural
constituents of the skin, including various types of collagen, elastin, and fibronectin [2].
Optimal quantities and delicate interactions of these components are necessary to maintain
normal physiological properties of the skin [3]. Collagen is the most abundant fibrous
protein within the interstitial ECM and constitutes up to 30% of the total protein mass
of a multicellular animal. It provides tensile strength, regulates cell adhesion, supports
chemotaxis and migration, and directs tissue development [2]. There are almost 30 types of
collagen that exist, although not all are isolated to ECM. Collagen is arranged into fibrils to
provide the required structural integrity to the tissues. Specifically, this fibril formation is
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defined by collagen types I, II, III, V, and XI. Collagen type I is the dominant form found
extensively in almost all tissues, particularly in tendons and the skin. Other forms of
collagen occur in defined areas. Collagen type II is found in cartilage and the cornea,
whereas collagen type III is primarily found within the walls of blood vessels. Collagen is
not only produced by fibroblasts, but also by endothelial and epithelial cells [4].

Elastin is another major ECM fiber that plays an important role in maintaining cuta-
neous homeostasis [5]. It is highly elastic and provides tissues with the ability to recover
from continuous stretching [4]. Elastic fibers are composed of a microfibrillar scaffold
(composed of various types of glycoproteins) and a core (composed of cross-linked elastin).
Elastin is secreted from cells in the form of a water-soluble precursor called tropoelastin
and is converted into insoluble elastin through cross-linking [6]. Unlike collagen, elastin
synthesis mainly occurs during early and late neonatal periods. Moreover, the synthesis
rate of functional levels of tropoelastin or elastin decreases with age [7]. Although elastin
synthesis rarely occurs in adult fibroblasts, damaged elastin fibers are not always properly
repaired. The elastic fibers that have undergone this process cannot function normally
and tissues that should be elastic become hard, resulting in heart, blood vessel, lung, and
skin diseases [8]. Moreover, when elastin is implanted it calcifies, causing arteriosclerosis,
heart valve disease, and bioartificial heart valve calcification. However, the mechanisms of
elastin calcification are still unknown [9]. Thus, the proper stimulation of elastin synthesis
became an innovative target to maintain skin homeostasis and reduce skin aging.

Elastin is also known to possess wound-healing properties. These properties are most
effective during the last-gestational stages of fetal development. However, in newborns,
elastin expression significantly decreases, making scarless wound repair impossible. In
various animal models, elastin has successfully been used on adult wounds to enhance
wound healing [10,11]. Elastin-based scaffolds can reduce wound contraction by regulating
fibroblast differentiation and improving dermal regeneration and skin elasticity [12]. It was
also confirmed that the application of elastin peptides was therapeutically effective in ani-
mal models. A mixture of elastin and laminin peptides augmented the re-epithelialization
of an injured rabbit ear and a proteolytic digest of elastin increased the synthesis of elastic
fibers in mouse dermal fibroblasts [13,14]. Further investigation of the effects of elastin
on wound healing in adults and fetuses as well as the signaling mechanisms of elastin in
the wound healing process will open up new approaches to treatments that will enable
complete wound healing.

Collagen and elastin have unusual amino acid compositions compared to other pro-
teins. The triple-helical structure of collagen arises from an unusual abundance of three
amino acids: glycine, proline, and hydroxyproline [15]. Elastin also has a similar amino
acid composition to that of collagen in terms of glycine and proline residues, but with about
75% hydrophobic residues (Gly, Val, Ala) [12]. Therefore, many studies have focused on
attempts to increase ECM protein levels with various components of amino acids.

Previous studies have attempted to induce ECM components such as elastin and
collagen. To confirm these effects, elastin and collagen were extracted from animals and
hydrolyzed, and cell tests or oral administration studies were conducted [16-18]. In
addition, the elastin and collagen-inducing effects of polyphenols were also studied [19].

Hyaluronic acid is well known for its ability to replenish moisture in the skin. It has
water-holding ability, resulting in smooth, moisturized skin. The hydration of the skin
can slow down the formation of wrinkles and improve skin texture. The nutricosmetic
effects of hyaluronic acid promote cell regeneration and even stimulate the production of
collagen. Hyaluronic acid is already used in a number of products, including dermal fillers
and cosmetics [20].

Lysyl oxidase (LOX) is a cuproenzyme that is necessary for the stabilization of ECM,
especially the enzymatic cross-linking of collagen and elastin. Therefore, activation of LOX
is required to increase the stable synthesis of elastin and collagen. Copper increases the
activity of LOX, which will positively affect the synthesis of elastin and collagen [21].
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We are interested in the investigation of the elastin—collagen-inducing effects through
the biofeedback mechanism of the combination of mineral and amino acids constituting
elastin and collagen. Moreover, we are looking for additional combinations that induce
elastin and collagen with amino acids. In previous studies, researchers confirmed the
elastin—collagen-inducing effects of a mixture of amino acids and hyaluronic acid [22].

Recently, we conducted an in vitro study to confirm whether the mixture of amino
acids, copper, and hyaluronic acid that we developed stimulates the expression of ECM
proteins in dermal fibroblasts. The composition increased the gene and protein expression
levels of collagen and elastin by over two- and three-fold, respectively. The test results
indicated that this unique composition successively promotes ECM protein synthesis in
dermal fibroblasts [23]. However, further studies are still needed to confirm the effect of
improving elastin synthesis on skin aging. In this study, a clinical trial was conducted
to confirm whether this particular composition has anti-aging effects including wrinkle
reduction, skin moisture, elasticity, thickness, and density improvement.

2. Materials and Methods
2.1. Study Product

Elastic Lab® is a product containing a mixture of amino acids such as glycine,
L-proline, L-alanine, L-valine, L-leucine, L-lysine HCL, copper, and hyaluronic acid for the
improvement of skin aging.

Materials

A list of the materials employed for each evaluation item in the study is described
in Table 1.

Table 1. Materials employed in the study.

Evaluation Items Materials
Wrinkles Around the Eyes Antera 3D CS
Skin Moisture Moisture meter D Compact
Skin Inner Elasticity Dermal Torque Meter
Skin Thickness and Density Ultrascan UC22

2.2. Study Design

A small open single-center study was conducted from October 21st to December 17th,
2020, at the Global Medical Research Center. A total of five subjects were treated with
Elastic Lab® to evaluate its efficacy on skin anti-aging by observing changes in eye wrinkles,
skin moisture, inner elasticity, thickness, and density. The subjects received treatment on
the face four times at one-week intervals. Moreover, measurement and questionnaire
evaluations were conducted before the treatment and one week after the last treatment.
Dermatologists proceeded with the safety evaluation. The inclusion and exclusion criteria
are presented in Table 2.

Table 2. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

e  Healthy male and female adults between 25 and 60 years

of age.

° Subjects who can read, understand, and sign the informed
consent form.

- Women who are pregnant or lactating.

- Subjects who have serious or chronic illnesses that
may affect this clinical research

- Subjects who have undergone dermatological

*  Subjects willing and able to comply with all procedures for treating wrinkles, and skin resurfacing.

study requirements.
No open wounds, blisters, or skin diseases at the test site.

Or skin rejuvenation in the treatment area within 1
year of study participation.

Not in the process of being a volunteer for another research.




Cosmetics 2022, 9, 51

40f 10

2.3. Statistical Analysis

The data were analyzed using the Wilcoxon signed-rank test to determine the results
in terms of skin improvements. Statistical significance was determined by the paired t-test
method with p-values less than 0.05 considered a significant difference.

3. Results

This study was conducted to confirm the efficacy of Elastic Lab® in the improvement
of skin wrinkles, moisture, inner elasticity, thickness, and density. The rate of change was
calculated as a percentage by subtracting the pre-treatment value from the post-treatment
value and dividing it by the pre-treatment measurement value.

pre-treatment value — post-treatment value

change rate =
pre-treatment value

100 )

3.1. Wrinkles around the Eyes

The depth (mm) of wrinkles around the eyes was measured using Antera 3D CS before
and after the treatment. This showed that the depth of wrinkles around the eyes of all
subjects decreased (average decreased from 0.067 mm to 0.061 mm, Figure 1) after the
treatments, and the average rate of change was —8.955.

Average value of eye wrinkles (mm)

0.067
0.066
0.065
0.064
0.063
0.062
0.061
0.060
0.059
0.058

Pre-treatment Post-treatment

Figure 1. Average values of eye wrinkles measurement results. Pre-treatment 0.067 + 0.038 mm,
post-treatment 0.061 &= 0.033 mm.

3.2. Skin Moisture

To compare skin hydration before and after product treatment, skin moisture was
measured (PWC, %) with a Moisturemeter D Compact. The skin moisture content of all
subjects showed improvement (average skin moisture increased from 48.900% to 55.893%,
Figure 2), and the change rate also showed a large change of 14.301%.
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Average value of skin moisture (PWC, %)

56
54
52
50
48
46

44

Pre-treatment Post-treatment

Figure 2. Average values of skin moisture measurement results. Pre-treatment 48.9 & 4.126%,
post-treatment 55.893 £ 3.371%.
3.3. Skin Inner Elasticity

Using a dermal torque meter, the elasticity in the inner skin was measured (Ur/Ue)
and the rate of change was evaluated. Similar to other results, skin elasticity was also
improved in all subjects (average elasticity in the inner skin increased from 0.350 Ur/Ue to
0.432 Ur/Ue, Figure 3). Skin elasticity showed a 26.429% increase, which was the maximum
improvement among other evaluation items.

Average value of skin inner elasticity (Ur/Ue)

0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

Pre-treatment Post-treatment

Figure 3. Average values of skin inner elasticity measurement results. Pre-treatment 0.3 £ 0.029,
post-treatment 0.432 £ 0.06.

3.4. Skin Thickness

Skin thickness was measured (pum) via imaging with an Ultrascan UC22. Skin thickness
also increased in every subject (average skin thickness increased from 1652.800 um to
1773.800 um, Figure 4) and the change rate was 7.321%.
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Average value of skin thickness (pm)

1780
1760
1740
1720
1700
1680
1660
1640
1620
1600
1580

Pre-treatment Post-treatment

Figure 4. Average values of skin thickness measurement results. Pre-treatment 1652.8 & 302.064 um,
post-treatment 1773.8 &= 293.577 um.

3.5. Skin Density

Skin density was also photographed and measured (pm) using an Ultrascan UC22.
The principle of the device is as follows. A short electrical pulse is generated from the pulse
generator and converted into an ultrasonic signal through an ultrasonic transducer. Ultra-
sonic signals are transmitted to the skin, creating inhomogeneous (cell-forming, vascular,
etc.) reflections or “echoes” of the tissue. These echoes are received by the same transducer
and converted into electrical signals, which are digitalized, stored, and processed in a
computer to display an ultrasound image.

The skin density of subjects was improved (Figure 5) and the change rate was 12.509%.
As shown in Figure 6 below, the skin density of subjects increased significantly.

Average value of skin density (pm)

62
60
58
56
54
52
50

Pre-treatment Post-treatment

Figure 5. Average values of skin density measurement results. Pre-treatment 53.88 £ 2.72 um,
post-treatment 60.62 & 4.201 um.
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Figure 6. Skin density photo results. Subject 2: Skin density before treatment (A) and 1 week after the
last treatment (B). Subject 3: Skin density before treatment (C) and 1 week after the last treatment (D).

3.6. Safety Evaluation

The adverse reaction evaluation was performed by a dermatologist and test subjects,
and there was no report of any specific adverse reaction during the clinical trial period.

3.7. Statistical Analysis

Table 3 presents the rate of change and the mean pre-treatment and post-treatment
values for each measurement. The table also provides the estimates along with p-values.
These p-values were provided from the results of the Wilcoxon signed-rank test. However,
due to the small number of subjects, the statistical significance is relatively low.

Table 3. Comparison of each evaluation item results pre and post-treatment.

Evaluation Item Mean Rate of Change p-Value
Pre-Treatment Post-Treatment
Wrinkles Around the Eyes 0.067 £+ 0.038 mm 0.061 £ 0.033 mm —8.955% 0.042
Skin Moisture 48.9 £+ 4.126% 55.893 + 3.371% 14.301% 0.043
Skin Inner Elasticity 0.35 £ 0.029 Ur/Ue 0.432 £ 0.06 Ur/Ue 23.429% 0.042
Skin Thickness 1652.8 & 302.06 um 1773.8 + 293.58 um 7.321% 0.043
Skin Density 53.88 £ 2.72 um 60.62 £ 4.201 pm 12.509% 0.042

4. Discussion

Skin aging is characterized by alterations in the extracellular matrix of the dermis
through a combination of intrinsic and extrinsic factors. The most notable change is an im-
balance between ECM synthesis and degradation, which promotes age-associated wrinkle
formation [24]. In particular, collagen and elastin fibers, which are key to skin elasticity, are
decomposed and reduced by proteolytic enzymes such as MMP [2]. In previous studies, a
decrease in the distribution of elastin and collagen in the human dermal layer was observed
through multiphoton microscopy [25,26].

In contrast to younger skin, aged skin showed fragmented and degraded collagen
and elastic fibers. An increase in degradation and reduction in the biosynthesis of collagen
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and elastic fibers leads to a deficiency of collagen and elastin [27]. Collagen and elastin are
not only involved in aging with time but also aging due to exposure to UV rays [28]. This
process is called “solar elastosis”, and unlike endogenous aging, it is characterized by the
accumulation of nonfunctional and disorganized elastic fibers throughout the dermis. If
the skin is repeatedly exposed to UV rays, MMP, which is an enzyme that breaks down
elastin and collagen, is activated and causes the degradation of collagen and elastic fibers,
resulting in loss of skin elasticity [29].

This deficiency and degradation of collagen and elastic fibers results in a range of
clinical changes such as wrinkles, loss of elasticity, and sagging of the skin [27,29,30]. The
biomechanical properties of these clinical signs of aging showed common features. A
decrease in collagen fiber density and fragmentation, atrophy of the elastin network, and
reduction of skin thickness were observed [30].

Another study found that skin elasticity shows a rapid decrease from one’s 20s to the
early 40s. Thereafter, wrinkle depth rapidly increases from the early 40s to the 60s [31].
These results indirectly indicate that skin aging starts from the loss of elasticity, meaning
that skin aging care should be started from the care of elasticity. Thus, maintaining an
adequate amount of ECM proteins is the most effective approach to delaying skin aging.

A representative approach for the maintenance of ECM proteins includes supplying
adequate precursors of these proteins and creating proper conditions for cells to produce
more. Supplementation of other components such as copper also showed positive effects on
ECM protein synthesis by activating lysyl oxidase [32]. Recently, we developed a mixture
composed of amino acids, copper, and hyaluronic acid, and demonstrated that it increased
the expression of ECM proteins, collagen, and elastin in human skin fibroblasts by over
two- and three-fold, respectively [23].

In this study, the results confirmed the anti-aging effects of Elastic Lab® products
containing amino acids, copper, and hyaluronic acid. The product was administered to
five subjects at one-week intervals for four sessions, and evaluations were performed a
week later. The results showed improvements in all evaluation criteria for all subjects. On
average, the wrinkle depth around the eyes decreased by 8.955%, skin moisture increased
by 14.301%, skin elasticity increased by 23.429%, skin thickness increased by 7.321%, and
skin density increased by 12.509%. Primarily, it is important to note the changes in skin
elasticity, skin thickness, and skin density, which showed the greatest improvements.

Moreover, we measured skin elasticity using a dermal torque meter (DTM). A DTM
is a device that applies a constant load to the skin by rotating a disk in a ring pattern to
measure the angular rotation. The device records the rotation as an angular deformation
and records the rotational recovery of the skin after the load is released [33]. According to a
previous study, when a DTM, cutometer, and DPM (dermal phase meter) were compared
with each other, the skin depths measured by DTM and cutometer were deeper than that
by the DPM. In addition, the parameters and results for the DTM were found to be the
most sensitive [34].

This result was consistent with the in vitro experiment previously conducted in which
the mixture of amino acids stimulated ECM protein synthesis. We can conclude that
skin elasticity, thickness, and density showed considerable improvements as amino acids
and various components stimulated the skin fibroblasts to produce ECM proteins such
as collagen and elastin. However, due to the small number of subjects, the statistical
significance of this study is relatively low. Therefore, additional large-scale clinical trials
are needed. Furthermore, studies to measure changes in elastin and collagen contents due
to application of the product in tissues of various models using multiphoton microscopy
are also needed.

5. Conclusions

As we age, ECM components degrade and elasticity decreases, resulting in deep
wrinkles, laxity, dullness, and sagging of the skin. Using a composition containing amino
acids, minerals, and hyaluronic acid, it is possible to induce an increase in the amount
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of biosynthesis of elastin and collagen in the fibroblasts of the skin dermis. This in turn
restores skin elasticity and improves various skin problems, such as fine lines, redness,
and skin pores. In addition to the effects of improving skin elasticity, elastin has properties
that improve wound healing and regeneration. However, further studies will be needed to
fully understand the effects and mechanisms of elastin. Additionally, since this study lacks
statistical significance due to the small number of subjects studied, further studies such as
large-scale clinical trials are needed to build up more scientific and statistical evidence.
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