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Nurepsbio ¢ fokropoM JIopenom ITukaprom

4 naBHO MeuTana BCTPEeTUTLCS ¢ JOKTOpPOoM ITukapToM. Bo-nepssIx, s He pa3
BCTpevasa B AMEPUKAHCKO NIPECCe CTaTbU O MEIbCOMIEPIKALMX NEeNTUAAX,
KOTOPBIE OH OTKPbLI1. BO-BTOPBIX, BLIAICHWIIOCH, YTO Mbl C HUM ITOYTH COCEIN
- ero 0(pucC pacnoyoXkKeH B NOJyyace €3/bl Ha MAlIMHE OT MOEr0 HbIHELLIHETO
noma. M BoT BcTpeua cocrosinack. [loBoiom nociyzkuiia nyOoarkagusi CTaTbu
nokropa Ilukapra B Haliem xxypHase. KoHeuHO, s BOCIIONIb30Banach 3TOM
BO3MOXKHOCTBIO, YTOOBI 33/1aTh €MY BCE T€ BOIPOCHI, KOTOPBIE Y MEHSI
BO3HMKJIM NIOCJIE 3HAKOMCTBA C €ro paboTaMH.

- Mucrep Ilukapr, s mpaBUIIbHO MOHSTA, YTO ME/lb COfIEP>KALLME MENTU/bI -
3T0 Baile oTKpbiTUe? J10 Bac 00 UX CBOMCTBaX ObLIO HUYETO HE U3BECTHO?

- 51 He Mory ckaszaTh, UTO MeJlb U MENTHU]IbI, COfIepKalllie MeJlb, 0 HAC HUKTO He u3yuasi. Hanpumep, 66110
y>Ke U3BECTHO, UTO MeJlb HeoOXoauMa Jjist paboThbl TAKOTO Ba3KHOTO aHTHOKUCIUTENILHOTO (hbepMEHTa, Kak
cynepokcupaucmyTaza (COJMl). XuMuKM TakKe UCCIIeJOBANIM CBSA3bIBAHUE MEJIU C PA3JIMYHbIMU MENTUIAMU.
OpHako BOT 3Ty MOJIEKYJY, MOJIEJIb KOTOPOW $1 [IEP3KY ceivyac B pyKe, - MeIbCOJIeP>KAILUI MEeTTH]
YeJIOBeUECKOro OpraHu3Ma - 0 HaC He U3yvas HUKTO.

3Jto Bce npousolo B 70-e roppl, korja st paboran B ynusepcurere Kamidpopuuu B Can-Ppanyucko. B e ropl
Ha MEJIMLIMHY Bo3j1arany Oosbline Hajex/bl. MHOrue yuyeHble Bepuiy, 4To B Ompkaiiue 10 net um ypacrest
NpUyMaTh BakLMHY OT paka. 5l >Ke peLlul 3aHsITbCS CTAPEHUEM, PACCY/IUB, YTO B 3TOM CJIy4ae sl HUKOI/ia He
OCTaHyCb 0e3 paboThI.




Mpb1 paGoTam ¢ KieTKaMi KPOBU M OTKPBIJIM NMENTH/IbI, COfIep>KaHNe KOTOPbIX B MOJIOJIbIX KJIETKaX ObLIO
BbIIIIE, YeM B CTapbIX KJieTKax. [To3:ke Mbl OOHAPYKWIIM, YTO MbI MOKEM COXPaHSITh CTaperoIne KIETKN KPOBU
[0JIbLIE, TPOCTO A00aBJISAS K HUM 3TH BellecTBa. OIHaKO HaM MOTpeOoBaIoch eule 15 jeT, 4ToObl MOHSATh, Kak
oHu paboTraroT. Ceityac Mbl 3HaeM, UTO MeJIbCOfIEpXKaIye MENTH/bI SIBJISTFOTCSI CUTHAJIOM J1J1S1 BOCCTAHOBJICHUS
KOXKH, KOCTEH 1 BOJIOCSIHBIX (DOJIIMKYJIOB. W 51 mofio3peBaro, UTO OHU SIBJISIFOTCSI YHUBEPCATIbHBIM CUTHAJTIOM K
BOCCTAHOBJIEHUIO JIJIs1 BCEX TKaHEN.

- To ecTb oHM gBIsIFOTCS haKTOpamMu pocTa?

- Her, ux pons ropasno wmupe. [JaBaiiTe nocMOTpUM Ha noBpeskjieHre Koxku. CHauana popMupyeTcs TpoMo.
3aTeM B NOBPEX/IEHHOI TKAHW HAUMHAIOT T€HEPUPOBATHCS AKTUBHbIE (DOPMbI KUCIIOPOJIa, KOTOPbIE OUMIIAIOT
paHy oT 6akTepuii. 3aTeM, KJIIETKM HAUMHAIOT BbIpadaThiBaTh TpaHcopmupyrommil paktop pocta TGF-

?, KOTOPbI MOOYaaeT KoXy (hopMUPOBaTH PyOLIOBYIO TKaHb. VI Bce 3TO Bpemsi B MOBPEK/IEHHON TKaHU
HAKaIIMBaOTCS MebCofiepyKalllie NenThbl, KOTOpPbIE B KAKOI-TO MOMEHT MHITMOMPYIOT KaK MPOAYKLUIO
CBOOOJHBIX PAJIMKAJIOB, TaK U npoaykuuto TGF-?...

- I/IHTepeCHa CBsI3b MEIbCOACP2KAIX MMENTUI0B 1 CBOGOHHI)IX paauKaIoB. A quTajia, 4To, 10 MHCHUIO psAla
YYCHbIX, CBO60,T_IHI>IC PaJUKaAJIbI ABJIAOTCSA CUTHAJIOM K BOCCTAHOBJICHWUIO TKaHEM, U YTO YPE3MEPHOC YBJICUCHUC
AHTUOKCUTAHTHBIMU IIPOAYKTAMH MO2KET YIHETATH BOCCTAHOBJICHUEC TKaHEN.

| BEPHO, YTO XOpOLICEC OKUCIICHUEC HA PAHHUX 9Tallax HCO6XOHI/IMO JIS1 3a2KUBJICHUS PAH. MozkHO CymI€CTBECHHO
YCKOPUTD 3a2KUBJICHUC PaH, IPUMCHSA CHaYaJld ar€HThI, YCUJIMBAIOIIHUC OKUCJICHUC, U 3aTEM MCIbCOICP2KAINC
nenTuabI. MOoKHO TaK>Ke IMPUMCHSATH HA pAaHHUX JTallaX CpPCACTBaA, COACPp>KaIue TGF-?, a 3aTEM Y2KC Halllr
NnenTuabI.

- B Bamumx cTaThsx roBOpUTCS, YTO 3TU MENTU/bI 001aJal0T AHTUOKCUAAHTHBIM M MPOTUBOBOCTIATIUTEIbHBIM
IEVICTBUEM, TIPENSITCTBYIOT OOPa30BaHUIO IIPAMOB, YCUJIMBAIOT aHIMOTeHe3 (POCT HOBBIX COCY/IOB), IPUBJIEKAIOT
Makpodaru K paHe, CTUMYJUPYIOT POCT BOJIOCSIHBIX (POJITIMKYJIOB, YCUIIMBAIOT Pa3pylleHre KoJlareHa u
CTUMYJIMPYIOT 0Opa30BaHie HOBOT'O KOJJIareHa. ..

- J1a, OHM CJIOBHO BBIKJIFOYAIOT OKUCJICHUE, pa3pylleHre TKaHu U (popMUpoOBaHue pyoOLia 1 3aTeM BKIIFOUAIOT
NpOLIECC BOCCO3/IaHUSI HOPMAJIbHO CTPYKTYPbI TKAHU.

- TpyHO NOBEpUTD, YTO OJJHA MOJIEKYJIa CIOCOOHA OKa3bIBATh BCE 3TU I(PPEKTHI.

- [1ns1 Hac 3TO ToXKe ObLIO cropnpu3oM. Benb ganeko He Bce 3TH pe3ybTaThl ObIM NOJdyUYeHbl HamMu. HacTb
uccrefioBanuil 6pu1a nposesieHa Bo Ppanuuu, I'epmanuu, apyrux crpanax. Hanpumep, faHHble o TOM,

YTO NENTU/Ibl CTUMYJUPYIOT POCT HEPBHBIX OTPOCTKOB, MOTYUYUIN (PPAHILy3CKHUE yUeHbIE, BIUSHUE HA
aHruorexes uccnepioBanu B HaumonanbHoMm oHkogsiornueckoM uHCTUTyTe CIIA, aHTHOKCHIaHTHOE JIeficTBIe
u3ydanu B YHusepcutete FOThI 1 T.1. Mexxny npouum, B Poccuu ToxKe ecThb rpynmna, KoTopasi u3y4aeTt polib
MeJbCOofIep KallMX MEeNTUIOB MPU BOCCTAHOBJIEHUU TIEUEHH.

- KCTaTI/I, B Ballleil CTaThe BbI YIOOMHUHACTE O TOM, YTO MOKPBIC U OKKJIFO3WBHLIC ITOBA3KU IMOAABJIAIN 3(bq)eKT
MEIbCOACP2KAUX NCIITUI0B. s xe CJiblIaJjid, YTO BJIA2KHOC MMOKPBITUEC YCKOPACT 3a>KUBJICHUC PAH.

- Panbuie, korga He ObUI0 AHTUOMOTHUKOB, Bpauu CTapaiCh COXPAHIThL paHy Kak MOXKHO 0oJiee CyXoi, YTOObI
NpeloTBPaTUTh pa3Butue nHpekuuu. Ho 3arem, 1eficTBUTENLHO, YUeHble OOHAPY>KUIIM, YTO TOJ] BIA>KHOM
NOBSI3KOI paHa 3a>KUBaeT ObICTpee U BEPOSITHOCTL 0Opa30BaHKsl LIpaMoB MeHblile. [I0aToMy MblI TOXKE



HpOGOBaJII/I IMPUMCHSATDH BJIA>KHBIC 1 BOONOHCTIPOHULACMbBIC TTOBA3KUA. OHHaKO 0OKa3aJioChb, YTO B 9TOM CJiy4dac paHa,
06pa6OTaHHaH MEIbCOCP2KAIMU TENTUAaMn, CTAHOBUTCS CJIIMILIKOM MOKpOﬁ. BepOHTHO (MI)I HE UCCJICN0BAIN
9TO JOCTATOYHO HOHpOGHO, IMO9TOMY 51 HC YIIOMHWHAIO 00 3TOM B CTaTbe), OHU BbI3bIBAIOT PACHIMPEHUEC COCYIOB,
YTO MMPUBOJUT K MNOBBIIICHUIO CONCP2KAHUS BJIal' B KO2KE. Taxk uTO MBI pelinIv, 9YTO HAHECECHUC KPEMOB WJIN
rejiei Ha paHy oA JICTKYIO MOBA3KY WJIN 0e3 MOBSI3KH - 3TO Jiydias CTpaTerus.

- MbI1 Bce BpEM:s TOBOPUM O 3a2KUBJICHHUU PaH, O MCIUIWHCKOM IMMPUMCHCHHUU MEIbCOACP2KAlIUX NETITUAO0B. Ho
ceiyac, Kak ¢ IMOoHsJIa, OHU IMPUMCHSIOTCA HC B MCIMIIUHE, 4 B KOCMECTHKE.

- To, 4yTO MPOMU301LLTI0, OYEHb XaPAKTEPHO ISl COBPEMEHHOI KocMeTosoruu. Mi3HauanbHO Mbl pa3pabaTbiBaiu
9TH npenaparbl st Bpaueid. OJHAKO Mbl CTOJIKHYJIUCH C TEM, YTO BPauu OYEHb HEOXOTHO COTJIAllatoTCs
npo6oBaTh uT0-1160 HOBoe. K ToMy ke mpoueaypa peructpauuu jgekapcrseHHoro cpectsa B CIIIA HeBeposiTHO
ycnoxHeHa. Ha ato TpeGyroTcst orpoMHble cpeficTBa. B kocMeTonorum Bce HA060pOT - 3aperucTprupoBaTh
HOBBIIl KOCMETUYECKUI1 UHIPEIMEHT MPOCTO, a KEHIUHbI 000KAIOT MPOOOBATH HOBbIE MPOAYKTHI. A 3HAtO, UTO
BO MHOTMX KOCMETHUYECKUX CPEJICTBAX Ceiuac MPUMEHSIIOTCS] MHTPEAUEHTbI, KOTOpPbIe MOTYT B OyyLIeM CTaThb
nekapcTBamu. PazymeeTcs, st TOro, 4To0bl BEIIECTBO MOIJIO MPUMEHSITHCS B KOCMETOJIOTMH, OHO JIOJIXKHO
ObITb 6e3BpeHO. HO MbI He HallIK Y MeAbCOAEPIKALLMX MENTU0B HUKAKUX MOOOYHbIX 3(p(heKTOB, HUKAKOMN
TOKCUYHOCTU. OHM aO6COMIOTHO 6€30MacHbl, OHU MPUCYTCTBYIOT B HOPMAJILHOM OpPraHU3Me U SIBJISIFOTCS JIUIIb
CUTHAJIOM K BOCCTAHOBJICHHUIO, @ HE MOIM(ULMPYIOT 3TOT npouecc. Ha Hai B3ruisi1, 3T0 ujealibHble CBOMCTBA
17151 KOCMETUYECKOr0 MHTPEJUEHTA.

- To ecTb npu 66CKOHTpOJII>HOM NPUMCHCHUN KOCMCTUKU, cop;epxamef/’l BBICOKYIO KOHUCHTPAUUIO
MEIbCOICP2KAIIUX NNENTUIOB, HET OITACHOCTU, HAIIPUMEP, BOCHAJICHUS UJIA O6paSOBaHI/I$[ py6HOB?

- Her, HanpoTtuB, BeposiTHOCTH 00pa3oBaHusi pyoLoB 1 BocnajeHus: ymeHbluaeTcsl. HekoTopbie >KeHILUHBI,
UCTMOJb3YIOIIME HAlIM NPOAYKTbI, JaxKe YTBEPXK/IAOT, UTO Y HUX MCUE3al0T LIPaMbl U pacTsKKU. Booobiie

MbI IOJTyYaeM MOPa3UTEIHLHO XOpollre O0T3bIBbl. OCOOEHHO HPaBSTCS HALLM MPOAYKTHI XeHupHaMm 40-50

aeT. OHU MOKYMaroT y Hac 00pasiibl, 3aTEM BO3BPALLAIOTCS U MOKYMAIOT €llie, a TOTOM HAaYMHAIOT OYKBAJIbHO
00Ma3bIBATHCSl HALUMMU KPEMAMU C HOT JIO TOJIOBBI, @ TAKXKe MOJIb30BAaTh UMM JIETEN, My>Kell U JOMAIHUX
nutomieB. HaBepHoe, 3T0 raBHbIM 00pa3oM 3aCTaBIIsSIET HAC MPOJOJIXKATh UCCIIEIOBAHUS, MOJIEP>KUBAET HAL
MHTEPEC K 3TUM BELIECTBAM.

- Kak s noHsina, Baiy npogyKThl CYIIECTBEHHO BMEIIMBAIOTCS B (pu3nosoruto Koxxku. Mexnay tem FDA no-
NpeKHEMY Pa3rpaHUUMBAET KOCMETHUKY U JIEKAPCTBO, OCTABJISIS 32 KOCMETUKOI MPABO JIMILIb YKpalllaTh,
OUMILATD U 3aMIIATH KOXY, HO HE BIMSTH Ha ee (PU3MOJIOTHIO.

- JTro60e BCUICCTBO BJIMSICT HA KOXKY. HpOCTCfIHIPIC 9MOJICHTLI, Ja>KeE OObIUHAS BOJJa, HAHCCCHHBIC Ha
IMMOBCPXHOCTDL KOXKH, BIIMSAIOT HA HEC. 3KCHeprI FDA 310 MMPEKPACHO MOHHUMAIOT. N onu moHnMaroT TaKXKeE,

YTO cerdac Bce OOJIbIIe n}oneﬁ XOTAT XOpPOLIO BbIINIANCTL U UMETDH 3JOPOBYIO KOXKY, XOTAIT, YTOOBI KOCMETHKA
HeﬁCTBOBaJIa. Ceituac FDA IMPOCTO 3aKPbIBACT I'JIa3da HAa CYLICCTBOBAHNEC KOCMECUCBTUKOB, HO 51 HE COMHCBAIOCh,
YTO B HEJAJICKOM 6y11y1ueM 3aKOHBbI 6y,T_IYT MN3MCHCHBbI.

- 41 3Har0, UTO psifi KOCMETUYECKUX KOMITAaHUI MPOU3BOUT KOCMETHKY TI0 Balllel TEXHOJIOTHH, U B OyIylIeM
TaKuX KOMIIAaHUH, BEpOSITHO, OyzieT Oosbiie. Bbl BepuTe, 4TO BCe OHM OY/IyT UCTOJIB30BaTh JOCTATOYHO BHICOKHE
KOHIEHTPALIMN ME/IbCOfIeP>KAIlX NMENTH/I0B?

-K CO2KaJICHHUIO, OOJILINMHCTBO KOCMETUYECKNX KOMIIAHWI HE OUEHb 3a00TUTCS O TOM, YTOOBI NX IMPOAYKTHI
HeﬁCTBOBaJIH. WM rimaBHOE HOﬁaBI/ITb MOHHbIﬁ HUHI'PEANUCHT B pCUCITYPY, IOMECTUTH €I'0 HA3BAHMEC HA YIIAKOBKE
M B PCKIIAMHOM TCKCTEC, U OCTAJIbHOC NX HEC MHTCPECYCT. A 3HAK0, YTO KOMITAHUH, KOTOPLIC ITPOU3BOJIAT
HO0CTATOYHO CHUJIbHBIC ITPOAYKTDI, TPATAT OIrPOMHbLIC CPEACTBA HA TCCTUPOBAHUC 1 pa3pa60TKy peucnTyp.



Beﬂb Hp06neMa TYT HEC TOJIbKO B KOHUCHTPAlUU. MGHBCOHCP)KH.HH/IG NENTUILI - NEJIMKATHBLIC MOJICKYJIbI, OHU
MOT'YT TEPATb AKTUBHOCTD U 1a>KC€ PA3pPyLIATLCA B IIPOLCCCE NMPUTOTOBJICHHUA KOCMETUKMU. HOSTOMY HY2>KHO
00s13aTeILHO IMPOBOJIUTH ACPMATOJIOTUICCKUEC UCCIICTOBAHUS I'OTOBBIX ITPOJYKTOB.

- [Tonmy4gaeTcsi, 4TO MOKa MPOU3BOJUTH JIENCTBEHHYIO KOCMETHUKY, 32 KOTOPOH CTOST Cepbe3HbIe HAyUHbIE
MCCJIeIOBaHNsI, MEHee BbITOJIHO, YeM KOCMETHUKY, COIep>Kalllyt0 KPacHBO M 3aMaH4YMBO 3Byvaliye, HO
0ecrnoJie3Hble UHIPEeUEHThI?

-K CO2KaJICHUIO, 9TO TakK. Ho cuTyauust y>K€ MCHACTCS. YeM 00JIbIIIE TTOSIBISIETCS KOCMCTUKHU, KOTOPpasA MOXKET
peuiaTb Kaknue-To HpO6HCMbI KO2KH, TEM omnKe TO BpEwmsi, KOrjja INpOn3BOJUTH HeﬁCTByIOHIYIO KOCMETUKY
CTAHCT BbI'OJHEC, YEM CO3/1aBaTh UJIJIFO3UIO 3(1)(b€KTI/IBHOCTI/I.

- Kak s 3Har0, BbI MPaKTUYECKU HE MPOM3BOJUTE KOCMETHKY Ha MPOJaXKy U B OCHOBHOM 3aHMMaeTeCh
nccrenoBaHnsMu. Bbl He iymanu o co3fanny cOOCTBEHHOM MPOogheCCUOHANTBHON KocMeTneckon mHnn? Takoi,
B KOTOPO# OyJIET JOCTATOYHO BbICOKAs! KOHIIEHTPAIMsI MEIbCOfIEP>KAIMX NMENTHUOB, T7ie He Oy/IeT BPeHbIX JITIs
KOXKM MHTPEIMEHTOB U KOTOpast Oy/IeT MOMOTaTh JIFO/ISIM COXPaHSITh KOXY MOJIOJION U 3]I0pPOBOi1?

- Qyman, u ve pa3. Ho, HaBepHoe, 51 Bce-Taku He Oyaly 2To0 jienathb. [Ipou3BojCTBO U NMPOjIBUKEHNE KOCMETUKY -
XJIOMOTHOE 3aHsITUE, TPeOylollee e3KeIHEBHOrO HAaNPS>KeHHOro Tpy/a. A npeanoynTtaro HayuHyto padoty. Mue
65 net, u s yXe X04y He TOJIbKO paboTaTh, HO U HACIAXK/IATHCS SKU3HBIO.

Bbeceny nposena Auna Mapronvna (dpespansb, 2004, beasbto, CIIA).

OOcyauThb cTaThio B hopyme
Bces nndopmanus Ha caiite 3ailuileHa 3aKOHOM 00 aBTOPCKUX MpaBax.
[lepeneyatka cTaTeil 6€3 NMCbMEHHOTO pa3pelIeHus peflakTopa 3anpelleHa.

Copyright © 2004 "Kocmetuka & Menuiuna" . All rights reserved.
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English Translation
Skin Remodeling with Copper Peptides - Loren Pickart PhD

Skin remodeling is a process that restores normal skin morphology after various types of wounds, injuries, and
skin damage. Development of effective cosmetic skin remodeling is becoming an increasing focus of dermatol-
ogists and their clients. As we age, the dermis and epidermis thins and accumulates blemishes, lesions and im-
perfections. Extracellular matrix proteins such as collagen and elastin become damaged and lose their resiliency
while the water-holding proteins and sugars diminish. The capillary network becomes less functional which
produces a “graying” of the skin, the subcutaneous fat cells diminish in number, and fewer protective oils are
secreted on the skin's surface. These aging effects are intensified by exposure to ultraviolet rays, irritants, aller-
gens, and environmental toxins. The end result is a dry, wrinkled, inelastic skin populated by unsightly lesions.

Restoration to a biologically younger skin requires two linked processes: first, the removal of damaged proteins
and aberrant skin lesions, and second, their replacement with normal, blemish free skin. This process is similar

to the remodeling phase of wound healing in which scar tissue is removed, slowly restoring the skin to its origi-
nal state.

Many skin renewal techniques are used that produce skin remodeling but all have drawbacks. Retinoic acid



slowly remodels skin but at the price of chronic irritation and redness. Certain peptides, melatonin, and vitamin
C increase skin collagen but skin also needs replacement of elastin, water-holding proteoglycans, and its mi-
crocirculation must be rebuild. A class of pentapeptides and aminopeptides, that function like TGF-beta-1, are
the latest “hot” product in cosmetic creams. Such peptides increase the skin's extracellular matrix proteins and
were extensively tested in the 1990s for wound healing, but produced unacceptable skin thickening and scarring
because they do not adequately remove older pre-existing proteins. Lasers, chemical peels, and dermabrasion
work well only if there is a vigorous post-therapy regenerative response from the damaged skin.

Cosmetic Skin Remodeling and Wound Healing

Children have beautiful skin because remodeling processes function efficiently and skin damage is rapidly re-
moved. Sadly, in adults, remodeling slows drastically and various skin lesions may persist for years or decades.

Skin remodeling is best understood in the context of wound healing. Cosmetic remodeling of uninjured skin
appears to be a similar process since the human body uses the same, or slightly modified, biochemically mecha-
nisms, over-and-over again, for closely related purposes. Many dermatological techniques (lasers, dermabra-
sion, chemical peels) used for skin remodeling actually induce a mild wounding to trigger the remodeling
process.

After skin wounding, blood clotting forms a covering over the injury, followed by the activation of a variety

of anti-microbial sterilising and tissue-destructive processes. Neutrophils infiltrate the wound area and secrete
toxic oxygen radicals to kill invading bacteria. Production of the cytokine interleukin-1 activates an inflammato-
ry response. Fibroblasts enter the region and produce TGF-beta 1, a protein that induces the formation of protec-
tive scar tissue over the wound. After this initial phase, the oxygen radicals are neutralized and the production
of interleukin-1 and TGF-beta-1 is suppressed. Metalloproteinases and macrophages remove the scar tissue and
cellular debris. The extracellular matrix is rebuilt with new collagen, elastin, and proteoglycans. Recent work,
in the last few years, with genetically modified mice, has also emphasized the key role of hair follicles and their
associated sebaceous glands in the production of new skin cells. Stem cells for skin are now thought to arise
from enlarged hair follicles, primarily the follicles that produce the fine vellus hair on the human body. (1)

Top Right. Mouse skin treated with one injection of saline. Bottom Right. Mouse skin after one injection of
GHK-Cu. Note the much larger hair follicles (colored dark-purple) that grow larger and further down into the
skin. It is from such enlarged vellus hair follicles in humans that new stem cells are seeding into the skin for
remodeling.



Glycyl-l-histidyl-l-lysine:copper(II) as the Activator of Remodeling

It now appears that a human copper peptide complex, SKIN RENEWAL CYCLE
GHK-Cu (glycyl-I-histidyl-1-lysine:copper(Il)), is the
primary activator of skin remodeling, and that remodeling
is a more complex process that original envisaged. GHK-
Cu and certain copper peptide complexes, are increasingly
used in cosmetic skin and hair care products, and after
clinical skin renewal procedures; such as chemical peels,
laser resurfacing, and dermabrasion, to improve post-
treatment skin recovery. GHK-Cu exerts protective and
regenerative effects on several organ systems including
skin, hair follicles, bone, gastric and intestinal linings, and
the liver. Although the understanding of the biochemical
actions of GHK-Cu is still incomplete, the situation is like
a jigsaw puzzle where enough pieces have been assembled
to understand the overall picture.

Actions of GHK/GHK-Cu
Based on Published Articles

©Loren Pickart PhD
April 2008 Version

GHK-Cu is found in human plasma, saliva and urine.

In plasma, it appears to be bound to plasma albumin at a concentration of approximately 200 ng/ml at age 20
which declines to 80 ng/ml by age 60 (2). GHK is a rare sequence, existing mainly in inflammation-associated
and of the extracellular matrix proteins, such as collagen, thrombospondin, fibrin a-chain, prokininogen, com-
plement Clgq, interleukin 4, skin collagenase, coagulation factor XI and SPARC (3). During episodes of tissue
damage, GHK is generated by proteolysis (4). Numerous cell culture studies have found that the biologically
effective levels GHK-Cu are approximately 10exp(-9) M (5).

In vivo, GHK probably exists as a mixture of GHK and GHK-Cu. GHK has a high binding affinity for copper
(ID) (pK=16.2) that is similar to albumin’s copper (II) binding (pK=16.4). GHK can obtain copper (II) from
albumin. However, under physiological conditions only about 5% to 20% of GHK molecules would be expected
to exist as GHK-Cu complexes with copper (II) (5). Biological actions have been reported for both GHK and
GHK-Cu, although GHK is likely to chelate available copper while, conversely, GHK-Cu may lose copper to
other binding proteins. Experiments using either molecule are actually studying a mixture of both. Free GHK-
Cu, not bound to albumin, is a fragile molecule sensitive to carboxypeptidase actions and degrades rapidly (6).

Biochemical Actions of GHK-Cu and Skin Remodeling

GHK-Cu takes a role in many biochemical events involved in skin remodeling (Table 1). Most surprising is
that the molecule possesses a diverse multiplicity of actions all connected with skin remodeling. These include
powerful anti-inflammatory actions that function to shut-down the initial phase of wound sterilization and scar
formation (7-10). The molecule activates m-RNAs for both metalloproteinases that remove damaged protein
and for extracellular matrix proteins such as collagen, elastin, and proteoglycans. (11-14) It chemoattracts
tissue-repairing macrophages (15) while also stimulating angiogenesis (7,16) and neuronal outgrowth (17,18).

When used for wound healing, GHK-Cu markedly increases the size of hair follicles and their sebaceous glands,
adjacent to the wound edge (19-20) and analogs of GHK-Cu are marketed by ProCyte and American Crew for
hair transplantation (“Graftcyte”) and stimulation of hair growth (“Tricomin”). A link between hair follicles and
skin repair was postulated over 60 years ago during World War II when surgeons observed that skin recovery
after burn injuries could be predicted by observing the return of hair follicles to the wound edge. If an abundant
number of dermal hair follicles were observed at the wound edge, then scar removal followed by the re-estab-



lishment of normal skin would occur. However, if there was a deficiency of hair follicles, then inadequate heal-
ing would follow and scar tissue remained. This action of GHK-Cu on hair follicles, in accord with the studies
on hair follicles and stem cells cited above (1) further strengthens evidence that GHK-Cu functions as a remod-

eling signal.

Table 1. Actions of GHK-Cu on Skin Remodeling

barrier

tions of skin

resistance to entry of
viruses and bacteria

Biochemical Reaction Acts by Result Reference
1. Suppression of initial | Blocks ferritin channels [ Stops iron induced tissue |8
oxidative sterisation, that release ferric ions oxidation
inflammation, and scar
formation
Suppresses TGF-beta pro- | Stops production of scar | 10
duction by fibroblasts forming proteins
Concentrates copper (II) | Activates Cu, Zn Super- |7
ion in wound area oxide Dismutase
Blocks cell damaging ac- | Stops post-wounding cel- |9
tions of interleukin-1 lular damage
2. Removal of damaged | Stimulating production Remove damaged col- 11 to 14
molecules and cellular of M-RNA, and synthesis |lagen and elastin, Reduce
debris of, metalloproteinases and | blemishes and scars while
anti-proteinases smoothing skin
3. Repair Phase - Scar Stimulating production Rebuilding of extracel- 11to 14
Tissue and cellular debris | of M-RNA and synthesis [ lular matrix proteins,
removed and replaced of collagen, elastin, and Increases elasticity, firm-
with normal skin proteoglycans ness, and water-holding
properties of skin
Chemoattractant for capil- | Rebuilding of the skin’s |7, 16
lary cells and induction of | microcirculation, increase
angiogenesis youthful “glow”
Chemoattractant for Enhance repair processes | 15
macrophages that remove
debris and release cellular
growth factors
Promotes nerve out- Restores innervation of 17,18
growth damaged skin
Markedly increases hair | Follicles produce stem Newer, younger-looking | 19, 20
follicle size cells that produce new skin
skin cells
Repairs and tightens skin | Restores protective ac- Reduces water loss, More |33-36

Skin Repair and Remodeling

Initially GHK-Cu was studied as a factor that increased the survival of many types of cell cultures and organ
cultures. The first in vivo effect that I observed in 1984 was an acceleration of wound healing in a variety of
animal models (21). In 1985, I started a company, ProCyte Corporation, to develop GHK-Cu into products for




human use. A few examples of healing actions include: the healing of pad wounds in dogs (22), more rapid
wound closure and production of granulation tissue (23). Healing with GHK-Cu works best with light bandag-
ing. Wet bandages nullified the effects (22). In immunosuppressed rats, healing is impaired and collagen synthe-
sis is 23% of that in normal rats. GHK-Cu more than tripled collagen synthesis in these rats, raising it to 77% of
normal; restoring normal wound healing (24). In punch biopsy wounds in pigs, intradermal injections of GHK-
Cu produced highly localized patterns of healing. Thus, in animal or human studies, it is possible to test several
potential formulations on a given test subject (25). A GHK-Cu cream used after Moh’s surgery increased wound
healing and skin re-epithelialisation (26). An open study of wounds in 60 patients in 1987 with diabetic and ve-
nous stasis ulcers gave evidence of rapid healing (27). This study used high concentrations of GHK-Cu and very
low concentrations of anti-microbial agents. This apparently successful GHK-Cu formulation was never used in
later clinical studies, which did not achieve therapeutic goals in FDA controlled trials.

The first suggestion that GHK-Cu was a remodeling agent came from studies that indicated that both collagen
synthesis and breakdown were stimulated by GHK-Cu. In 1987, I also found, that the application of skin creams
containing GHK-Cu, increased the thickness of the epidermis and dermis, increased skin elasticity, reduced
wrinkles, and resulted in a removal of skin imperfections such as blotchiness and sun damage marks, while pro-
ducing a significant increase in subcutaneous fat cells (28). But this observation was not pursued until recently.
Finally, between 1998 and 2002, more extensive human studies solidified these observations. Abulghani et al
reported GHK-Cu was more effective in stimulating new collagen development than vitamin C, retinoic acid, or
melatonin (29). Appa et al reported that in eight weeks, a GHK-containing liquid foundation improved epider-
mal thickness, increased skin elasticity, and improved skin appearance (30). Leyden et al found, in another eight
week study, such creams to reduce visible signs of photodamage and increased skin density in eight weeks on
facial skin (31) and also in a further, placebo-controlled study (71 females, 12 weeks) found that GHK-Cu-con-
taining face creams reduced wrinkles and fine lines while increasing skin elasticity, density and thickness while
another placebo-controlled study (41 females, 12 weeks) found that a GHK-Cu containing eye cream reduced
wrinkles and fine lines and improved eye appearance (32). Cosmetic products that contain GHK-Cu include
lines such as Visibly Firm by Neutrogena and Neova by ProCyte. We expect more products using GHK-Cu to
be marketed in the future since ProCyte's patent on cosmetic uses of GHK-Cu expires in May 2004.

Skin of 51 year old woman.
Left - before treatment.
Right - after three weeks of treatment with GHK-Cu.
The skin became tighter and denser with more collagen (bright areas).

Development of Improved Skin Remodeling Copper Peptides.

The first generation products designed around GHK-Copper performed well in many controlled tests, however,
the products failed in FDA clinical trials on the healing of very difficult-to-heal human wounds (as have many
other approaches). The actions of GHK-Cu are limited by its fragility and tendency toward breakdown and also
its lack of adhesion to the skin surface.

Therefore, in 1994, 1 started Skin Biology to develop improved second generation, skin regenerative/remodel-
ing, copper peptides with enhanced potency, breakdown resistance, and high adherence to skin. We isolated
peptide fragments from soy protein digests that possessed the desired qualities when chelated to copper (II).
Such peptides have a very low antigenicity and long history of safe use in cosmetic products. In veterinary stud-
ies, creams made from these new copper complexes produced rapid and scar-free healing in dogs after spaying
operations, and in young horses after leg-straightening operations. This allowed the dogs to be returned to their
owners in four days instead of the usual five, while the foals were returned in five days instead of seven. How-



ard Maibach and colleagues (UCSF) tested these new copper peptides in four small, placebo-controlled human
studies. They found that creams made from these new copper complexes produced significantly faster skin heal-
ing and reduced redness and inflammation after mild skin injuries brought on by tape stripping (33) , acetone
burns (removal of skin lipids) (34), 24-hour detergent irritation (35) , and nickel allergy inflammation (36).

Current Research on Remodeling Copper Peptides

Scarless Healing — Our current research at Skin Biology is opening an approach to scarless or nearly-scarless
healing of surgical incisions. GHK-Cu markedly reduces scarring after surgery if injected (an aqueous solution
of 1 mg/ml) down the incision line. However, the second generation copper peptides appear to be superior for
such uses. In veterinary studies, the application of 2nd generation copper peptides in creams immediately after
surgery produced rapid and scarless healing in dogs after spaying operations and in young horses after leg-
straightening operations. This allowed the dogs to be returned to their owners in four days instead of the usual
five, while the foals were returned in five days instead of seven. For such uses, the incisions should be left open
to air or only lightly covered with gauze. Occlusive dressing and wet bandages nullify the positive effect.

Post-Procedure Treatments - Both GHK-Cu and the second generation copper peptides function well to im-
prove the recovery of skin after procedures such as deep peels, laser resurfacing, and dermabrasion. ProCyte
Corporation markets their “Cu-3” line for such uses. If the skin is treated with copper peptides within two hours
after the procedure, post-treatment redness and inflammation is avoided without the use of corticosteroids. Skin
rebuilding is hastened while scars and infections are greatly lessened. At Skin Biology, we are developing a
water based product, called CP Serum, that works especially well for these uses. This product is often followed
by either emu oil or squalane which act as moisturizers and as penetrating agents that push more copper peptide
into the skin.

Removal of Skin Lesions - The second generation copper peptides work well for the removal of skin lesions.
Our research finds that most skin imperfections (hypertrophic scars, pitted scars, skin tags, moles, actinic
keratosis) can be removed or greatly reduced by repeated daily use of hydroxy acids to loosen and dissolve the
lesions followed by strong copper peptides to aid skin regeneration. Hydroxy acids such as 2% salicylic acid
(pH=3.2) or 14% glycolic acid (pH=3.9) are effective with copper peptides but obtaining a cosmetically sat-
isfying result may require several months of applications. The use of stronger hydroxy acids, followed by the
application of copper peptides greatly speeds the removal of lesions and scars, but can be very irritating if not
expertly applied. For example, to remove moles, 70% glycolic acid is applied for 6 minutes, washed off, then
the strong copper peptides are applied to the moles. Two to three days of this procedure often removes moles
permanently.

Safety of Copper Peptides

Numerous safety tests of skin regenerative copper peptides have failed to find any toxicity problem. Extremely
small amounts penetrate the skin and no rise in blood copper has ever been found in animals or humans treated
with copper peptides. Further reassurance as to the safety of copperceuticals is that in nutritional studies, in-
creased supplementation with copper has been reported to increase DHEA levels (37), raise brain enkephalins
(38), reduce carcinogenesis and cancer growth (39-41), reduce the development of cardiovascular disease (42),
reduces the markers of osteoporosis (43), reduce rheumatoid arthritis (39), improve immune function (44),
reduce protein glycation (45) and deleterious peroxidation of fats and red blood cells (46), reduce brain develop-
mental defects in offspring (47), and increase anti-oxidant defenses by activation of superoxide dismutase (48).
Indeed, many researchers have noted that copper supplementation appears to counter many of the degenerative
diseases of aging.



Formulating Copper Peptides into Products

When formulating copper-peptide products, great care must be taken to minimize interactions with the ionic
copper. Other ingredients of creams, lotions, and solutions may interact with the ionic copper and neutralize the
positive copper-peptide actions and, in some cases, generate copper-complexes that inhibit cell replication.

Some companies have sell cosmetic skin products using copper complexes such as EDTA-copper but many
complexes of copper with chelating molecules inhibit fibroblast function and skin repair (49). All products
should be carefully tested in actual human skin repair tests. Also, not all copper peptide complexes are skin
regenerative. Only products based on GHK-Cu or the newer complexes from Skin Biology are supported by
credible, published evidence of efficacy.
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Skin Remodeling with Copper Peptides - Interview with Loren Pickart PhD

- Mr. Pickart, am I right that you were the first scientist who started research on Copper-Peptides and there was
nothing known about them before?

- I would not say that proteins associated with copper were completely unknown. Chemists had been investigat-
ing the ability of copper to make complexes with some peptides. And there is a lot of research on copper and
enzyme superoxide dismutase. But this molecule, the model of which I'm holding now (Seen Here), was unknown
to scientists.

It all happened in 1970s when I was working at the University of California at San Francisco. It was time of
great belief in medicine. Many scientists wanted to do big things, such as fighting cancer. I decided to find the
way to reverse human aging.

We worked with blood cells and discovered that young cells contained some Copper-Peptide complex. We found
out, that old cells lasted longer if we supplied them with this peptide complex. But it took us 15 years to under-
stand how they work. Now we know that Copper-Peptides work as a restorative signal in skin, bones, and hair
follicles. And it is possible that they work the same way in other tissues.

- So they work as growth factors?

- Not exactly. Let us look at wound healing. After damage, there are mostly destructive and sterilizing processes
involving free radicals. Then cells begin to release transforming growth factor TGF-beta-1 that stimulates scar
formation. But damaged tissue also releases Copper-Peptides. At some point their concentration reaches the

level where they suppress TGF-beta-1 production and block oxidation.

- I have read that free radicals could be a restorative signal and because of this too much antioxidants might
delay wound healing.

- [ believe in good oxidation. You can accelerate wound healing by applying oxidizing agents first and Copper-



Peptides second.

- In your article you are saying that Copper-Peptides work as antioxidants and anti-inflammatory agents; they
also inhibit scar formation, stimulate angiogenesis, attract macrophages to wound, stimulate hair follicles, speed
up both collagen destruction and new collagen synthesis...

- Yes, that's correct. They remodel skin, you may say that they turn off destruction and turn on reparation.
- It is hard to believe that one molecule can be so powerful.

- We hardly could believe it too. But numerous other laboratories all over the world extended our observations.
French scientists found that Copper-Peptides stimulate nerve growth, scientists from National Cancer Institu-
tion researched angiogenesis, scientists from Utah investigated antioxidant capacity of this molecule and so on.

- We keep talking about medical use, but now they are used in cosmetic industry.

- Yes, initially we developed these products for medical use, but physicians don't like trying new inventions;

they prefer well-known remedies. Besides, the procedure of drug approval is ridiculously complicated in USA. It
takes years and you have to spend a fortune. It is much easier to get approval for cosmetic products, and women
love to explore new cosmetics. I can assure you, that many cosmetic products already contain the medicine of
the future, because their developers do not want to bother with drug approval. But I agree that unlike drugs,
cosmetic products should be perfectly safe. We tested Copper-Peptides and didn't find any toxicity, any side ef-
fects. They are safe, and they are meant to be safe, because they are found in human body and they don't modify
any physiological processes in skin. They protect skin and give the signal to restoration. Don't you think it is
perfect role for cosmetic ingredients?

- You mean that there is no risk of scar formation or inflammation even if people use high concentrated prod-
ucts?

- On the contrary, Copper-Peptides prevent scars and inflammation. Some women using our products report
disappearance of stretch marks and scars. We have very good testimonials, especially from middle-aged women.
Usually they buy one or two products for start, then come back for more, and then start to recommend them to
all their friends and relatives. Their praises keep us going.

- It seems that your product affects the skin physiology after all. But FDA still requires cosmetic products to be
inert in skin.

- There are no such things as inert cosmetic ingredients. All substances that we put on our skin, such as Vaseline
and other emollients (even plain water) affect skin in some way. And people in FDA understand this. They also
understand that modern people want cosmetics to improve skin, to make it better. I have no doubt that the defini-
tion of cosmetics will be changed soon.

- Today many cosmetic companies make cosmetics using your Copper-Peptides. Do you believe they use ef-
ficient concentrations of Copper-Peptides?

- Unfortunately many cosmetic companies just don't care. They want a popular ingredient on the label and that
is all. But some companies make very good products and spend a fortune on testing. It is not only a matter of
concentration, it is important to know how Copper-Peptides will behave in a complex mixture, and how a tech-
nical process will affect them. That is why dermatological testing of finished products is so important.



- It seems for majority of cosmetic manufacturers it is still easier to make fake claims rather than develop potent
cosmetic products?

- Unfortunately it is true. But this situation is changing now. The more great cosmetic products come to the mar-
ket, the closer the future in which only efficient cosmetics will be profitable.

- As I understand, your company does a very little manufacturing, and your main occupation now is still science
of reversal of skin aging. But don't you ever dream to be famous with your own cosmetic line?

- Yes, I have been thinking about this a lot. But I prefer to be a scientist. Manufacturing and promotion of new
cosmetics is a tough business. I'm 65 years old and I want to enjoy life.



