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ABSTRACT

The copper complex changes
fibroblast collagen,
glycosaminoglycan and
matrix-remodelling programmes
under defined experimental
conditions.

This monograph evaluates GHK-Cu as the copper(ll) complex of glycyl-L-histidyl-L-lysine. It
separates the complex from GHK alone, free copper, mixed cosmetic formulations and systemic
injectable administration.

This monograph begins with the molecule and follows the causal chain through biochemistry,
cellular mechanism, exposure and integrated physiology. Population studies enter only at the
terminal stress-test: useful for the proposition actually tested, incapable of defining the molecule
or replacing the causal model.

ESTABLISHED UNRESOLVED

* Defined copper-binding tripeptide ¢ Injectable human PK

e Matrix-related cellular mechanisms * Systemic efficacy

* Some controlled topical human evidence * Copper exposure and long-term safety

EVIDENCE HIERARCHY

Mechanistic evidence is not a lower-grade substitute for population medicine. Physical constraints, biochemical
measurements, historical and non-English records, exposure studies and clinical outcomes answer different
questions. Controlled clinical trials test the complete implemented proposition; they cannot manufacture a missing
identity, mechanism or exposure bridge.

Molecular identity and chemistry

Il Biochemistry and target architecture

I Cells and ex-vivo tissues

v Animal and in-vivo pharmacology

Vv Integrated physiology and translation
VI Human PK and observational signal
VII Controlled clinical trials
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ACTION LEDGER

Describe the action before judging its

value.

Benefit is a downstream clinical judgement. The scientific object is the action itself: what moves,
under which exposure, in which biological state, and where the inference stops.

01
Attributed biochemical
action

02
Exposure and reachability

03
Physiological direction is
contextual

04
Individual adjudication
boundary

The copper complex changes fibroblast collagen, glycosaminoglycan and
matrix-remodelling programmes under defined experimental conditions.

Topical formulation evidence does not establish systemic or injectable
disposition. Injectable interpretation requires copper exposure, hepatic
handling, oxidative context and local reaction to be considered explicitly.

Copper supports catalytic and redox biology, while extracellular-matrix quality
depends on balanced synthesis, degradation, cross-linking and tissue
organisation. More collagen is not automatically better tissue. Local repair,
systemic copper balance, oxidative load and hepatic handling must remain
separate physiological compartments.

Human systemic PK, copper distribution and proof that local matrix signals
translate into stronger or functionally superior tissue. Topical or in-vitro matrix
activity cannot establish systemic rejuvenation, organ regeneration or
injectable safety.
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METHODS AND COVERAGE

A reproducible boundary, not an
implied exhaustive review.

This curated mechanistic monograph uses primary indexed records and reference-chaining. It
does not claim systematic-review completeness. Absence of a retrieved result is not evidence that
an effect is absent.

SEARCH SURFACE PubMed/MEDLINE primary records, Russian-language indexed abstracts, and
reference-chaining for entity-defining, historical and translational studies.
Language, geography, regulatory status and journal fashion are not evidence
grades.

QUERY FRAME GHK-Cu - copper tripeptide - glycyl-L-histidyl-L-lysine - collagen - fibroblast - matrix
metalloproteinase - wound repair

EVIDENCE CUTOFF 23 August 2026

ENTITY EXCLUSION GHK, GHK-Cu, free copper and multi-ingredient cosmetic formulations are
chemically different exposures. Copper stoichiometry, oxidation state, vehicle and
route are part of the entity.

TRACEABILITY 12 extended claim units plus 2 historical records and 3 mechanistic-calculus
records; 9 cited records in the complete corpus.

INTERPRETIVE RULE Identity —» physical constraint = measured reaction or binding — reachable
exposure - system response — outcome. Statistical significance does not
manufacture mechanism; mechanistic plausibility does not manufacture a patient
outcome.
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EVIDENCE ATLAS

Every claim keeps its experimental
address.

12 claim units are mapped to evidentiary layer, experimental frame and source records. The layer
describes the question answered; it is not a popularity score.

IMolecular
identity

IMolecular
identity

IlICell or
ex-vivo
system

IICell or
ex-vivo
system

IVIntegrated
in-vivo model

IVIntegrated
in-vivo model

Coordination chemistry
and identity - claim 1

Coordination chemistry
and identity - claim 2

Collagen and
extracellular matrix -
claim 1

Collagen and
extracellular matrix -
claim 2

Matrix remodelling
rather than simple
accumulation - claim 1

Matrix remodelling
rather than simple
accumulation - claim 2

GHK is the tripeptide glycyl-L-histidyl-L-lysine. GHK-Cu
is its copper(ll) coordination complex. The peptide, the
complex and free ionic copper are related but
non-interchangeable entities. Stoichiometry, oxidation
state, formulation and route determine the actual
chemical exposure.

Copper is a catalytic cofactor capable of supporting
enzymes and redox chemistry. Binding to GHK changes
transport and interaction, but does not make copper
biologically inert. Systemic interpretation therefore
requires copper handling, hepatic context and
oxidative balance rather than a generic peptide label.

Classic human-fibroblast experiments found
stimulation of collagen synthesis by GHK-Cu at very
low concentrations without a change in cell number.
The result supports a direct matrix-related cellular
action under defined in-vitro conditions.

GHK-Cu also increased synthesis of selected
glycosaminoglycans, including dermatan sulfate and
heparan sulfate, in fibroblast cultures. Matrix biology
therefore extends beyond collagen quantity to
hydration, organisation and cell-matrix signalling.

In fibroblast cultures, GHK-Cu increased MMP-2
expression and also increased TIMP-1 and TIMP-2
secretion. This simultaneous regulation supports
remodelling rather than unidirectional matrix
accumulation.

The balance between synthesis, degradation and tissue
organisation determines repair quality. A rise in
collagen transcript or MMP activity cannot by itself
establish stronger, more elastic or clinically improved
tissue.

[11(3104]
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IVIntegrated
in-vivo model

IVIntegrated
in-vivo model

VIHuman
exposure or
signal

VIHuman
exposure or
signal

VIHuman
exposure or
signal

IVIntegrated
in-vivo model

SECTION 01

Keratinocyte and
wound-model biology -
claim 1

Keratinocyte and
wound-model biology -
claim 2

Human topical evidence
- claim 1

Human topical evidence
- claim 2

Systemic translation
boundary - claim 1

Systemic translation
boundary - claim 2

Copper-GHK increased integrin expression and p63
positivity in keratinocyte and skin-equivalent
experiments, supporting effects on epithelial
attachment and regenerative cell states. Animal wound
studies also report changes in collagen and
glycosaminoglycan deposition.

These experiments establish local tissue mechanisms.
They do not establish systemic rejuvenation, organ
regeneration or the safety of injectable administration.
Topical and systemic routes occupy different
pharmacological domains.

In a 13-participant randomised study after CO2 laser
resurfacing, a topical copper-tripeptide regimen did not
improve objective erythema, wrinkles or overall skin
quality compared with control, although patient
satisfaction differed. The study is small but provides
direct controlled counterevidence to a guaranteed
cosmetic outcome.

Other topical systems combine copper peptides with
additional peptides, vehicles or procedures. Positive
results from a mixture cannot be attributed entirely to
GHK-Cu, and post-procedure healing is not the same
endpoint as baseline skin ageing.

Adequate human injectable PK, copper distribution,
repeated-dose tolerability and systemic efficacy have
not been established. Topical cosmetic evidence
cannot supply those missing levels because local
barrier penetration and systemic exposure are
fundamentally different.

GHK-Cu has a strong chemical identity and substantial
matrix-related mechanism. The evidence becomes
weaker as inference moves from cell and topical tissue
effects toward systemic regeneration. A scientifically
valid claim must name the complex, route, formulation
and measured outcome.

[61[7]

[61[7]

[2]

[2][8]

[1][2][4]

[11[2][4]1
6]

Molecular dossier: the entity before the outcome

ENTITY — Copper(ll) coordination complex of glycyl-L-histidyl-L-lysine

BIOCHEMICAL CLASS — Metal-binding tripeptide complex

PRIMARY SYSTEM — Copper coordination - extracellular matrix synthesis/remodelling - epithelial

attachment
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IDENTITY BOUNDARY — GHK, GHK-Cu, free copper and multi-ingredient cosmetic formulations are
chemically different exposures. Copper stoichiometry, oxidation state, vehicle and route are part
of the entity.

SECTION 02

Historical and international corpus

GHK was isolated from human plasma in 1973 and its copper biology was experimentally
developed by 1980. This is a five-decade biochemical lineage, not a recent cosmetic invention.

Long history strongly supports coordination chemistry and local matrix biology. It does not create

systemic injectable PK, copper-distribution safety or organ-regeneration efficacy.

SECTION 03

1973-1980: From plasma tripeptide to
copper-transport hypothesis

The tripeptide was isolated from human plasma, then shown to co-isolate with metals, form
copper(ll) complexes and enhance cellular copper uptake. This early work defines a biochemical
transport proposition rather than a branding narrative.[9]

SECTION 04

1988-2000: Matrix synthesis and turnover were
experimentally separated

Fibroblast work measured collagen and glycosaminoglycan synthesis alongside later MMP/TIMP
effects. The historical corpus therefore describes regulated remodelling, not simply more
collagen.[1][4]1[5]

SECTION 05

Mechanistic calculus — CONSTRAINED:
Stoichiometry defines the active chemical species

GHK, GHK-Cu and free Cu(ll) are distinct exposures. Copper occupancy, oxidation state, competing
ligands and vehicle determine which species can interact with tissue.[3][9]

SECTION 06
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Mechanistic calculus — MEASURED: Nanomolar
cellular action is condition-specific

Early culture systems reported biological activity at very low concentrations and
copper-dependent transport. Achieving a nominal systemic dose does not prove that the same
free complex concentration exists at a target tissue.[1][9]

SECTION 07

Mechanistic calculus — MEASURED: Synthesis and
degradation move together

Collagen and glycosaminoglycan production coexist with MMP and TIMP regulation. Biomechanics
and tissue organisation, not marker direction alone, determine whether remodelling is
useful.[1][4][5]

SECTION 08

Causal architecture: Coordination chemistry comes
before peptide branding

Histidine-containing GHK coordinates Cu(ll), creating a complex with chemical behaviour distinct
from the apo-peptide and free ionic copper. Stoichiometry and formulation affect what species
actually reaches a cell or tissue.[1][3][4]

SECTION 09

Causal architecture: Copper is catalytic, useful and
potentially reactive

Copper supports enzymes and redox chemistry. Peptide coordination can alter transport and
availability but does not make the metal inert. Oxidative state, hepatic handling and local
concentration remain mechanistic boundaries.[1][4]

SECTION 10

Causal architecture: Matrix biology requires
balanced turnover

GHK-Cu can increase collagen and glycosaminoglycan synthesis while also changing MMP and
TIMP programmes. This pattern is consistent with remodelling rather than simple accumulation;
tissue organisation and biomechanics adjudicate quality.[1][4][5]
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SECTION 11

Causal architecture: Local and systemic exposure
are separate sciences

Keratinocyte, fibroblast and topical experiments address local tissue biology. Injectable use
introduces distribution, copper balance, organ exposure and repeated-dose questions that topical
evidence cannot answer.[2][6][7]

SECTION 12

Molecular identity and entity resolution

GHK is glycyl-L-histidyl-L-lysine; GHK-Cu is its Cu(ll) complex. GHK, GHK-Cu, free copper and
mixtures are not biologically interchangeable. Stoichiometry is part of identity.

SECTION 13

Biochemical mechanism and target architecture

The mechanistic programme includes copper binding, extracellular-matrix regulation, fibroblast
collagen synthesis, wound biology and gene-expression effects under defined experimental
conditions.

SECTION 14

In-vivo pharmacology and exposure

Topical formulation evidence does not establish systemic or injectable disposition. Injectable
interpretation requires copper exposure, hepatic handling, oxidative context and local reaction to
be considered explicitly.

SECTION 15

Integrated physiology and individual terrain

Copper supports catalytic and redox biology, while extracellular-matrix quality depends on
balanced synthesis, degradation, cross-linking and tissue organisation. More collagen is not
automatically better tissue. Local repair, systemic copper balance, oxidative load and hepatic
handling must remain separate physiological compartments.

SECTION 16

10
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Terminal human stress-test

Topical cosmetic literature reports signals but products vary. In a 13-participant randomised study
after CO:z laser resurfacing, topical copper tripeptide did not improve objective erythema, wrinkles
or overall skin quality, although satisfaction differed.

SECTION 17

Counterevidence and causal boundaries

The controlled topical result constrains the leap from fibroblast biology to guaranteed visible
rejuvenation. Topical evidence cannot establish systemic regeneration or injectable benefit.

SECTION 18

Scientific conclusion

GHK-Cu has strong identity and matrix-related mechanistic evidence with incomplete systemic
pharmacology and limited controlled topical validation. The active entity, copper content, route
and outcome must all be named.

SECTION 19

Coordination chemistry and identity

GHK is the tripeptide glycyl-L-histidyl-L-lysine. GHK-Cu is its copper(ll) coordination complex. The
peptide, the complex and free ionic copper are related but non-interchangeable entities.
Stoichiometry, oxidation state, formulation and route determine the actual chemical
exposure.[1][3][4]

Copper is a catalytic cofactor capable of supporting enzymes and redox chemistry. Binding to GHK
changes transport and interaction, but does not make copper biologically inert. Systemic
interpretation therefore requires copper handling, hepatic context and oxidative balance rather
than a generic peptide label.[1][4]

SECTION 20

Collagen and extracellular matrix

Classic human-fibroblast experiments found stimulation of collagen synthesis by GHK-Cu at very
low concentrations without a change in cell number. The result supports a direct matrix-related
cellular action under defined in-vitro conditions.[1]

GHK-Cu also increased synthesis of selected glycosaminoglycans, including dermatan sulfate and
heparan sulfate, in fibroblast cultures. Matrix biology therefore extends beyond collagen quantity
to hydration, organisation and cell-matrix signalling.[5]

11
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SECTION 21

Matrix remodelling rather than simple accumulation

In fibroblast cultures, GHK-Cu increased MMP-2 expression and also increased TIMP-1 and TIMP-2
secretion. This simultaneous regulation supports remodelling rather than unidirectional matrix
accumulation.[4]

The balance between synthesis, degradation and tissue organisation determines repair quality. A
rise in collagen transcript or MMP activity cannot by itself establish stronger, more elastic or
clinically improved tissue.[1][4][5]

SECTION 22

Keratinocyte and wound-model biology

Copper-GHK increased integrin expression and p63 positivity in keratinocyte and skin-equivalent
experiments, supporting effects on epithelial attachment and regenerative cell states. Animal
wound studies also report changes in collagen and glycosaminoglycan deposition.[6][7]

These experiments establish local tissue mechanisms. They do not establish systemic
rejuvenation, organ regeneration or the safety of injectable administration. Topical and systemic
routes occupy different pharmacological domains.[6][7]

SECTION 23

Human topical evidence

In a 13-participant randomised study after CO2 laser resurfacing, a topical copper-tripeptide
regimen did not improve objective erythema, wrinkles or overall skin quality compared with
control, although patient satisfaction differed. The study is small but provides direct controlled
counterevidence to a guaranteed cosmetic outcome.[2]

Other topical systems combine copper peptides with additional peptides, vehicles or procedures.
Positive results from a mixture cannot be attributed entirely to GHK-Cu, and post-procedure
healing is not the same endpoint as baseline skin ageing.[2][8]

SECTION 24

Systemic translation boundary

Adequate human injectable PK, copper distribution, repeated-dose tolerability and systemic
efficacy have not been established. Topical cosmetic evidence cannot supply those missing levels
because local barrier penetration and systemic exposure are fundamentally different.[1][2][4]

GHK-Cu has a strong chemical identity and substantial matrix-related mechanism. The evidence
becomes weaker as inference moves from cell and topical tissue effects toward systemic
regeneration. A scientifically valid claim must name the complex, route, formulation and
measured outcome.[1][2][4][6]

12
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SECTION 25

Falsification map

Incorrect copper stoichiometry or predominance of free copper would invalidate attribution to
GHK-Cu.

Matrix-marker movement without improved organisation or biomechanics would refute
marker-as-repair reasoning.

Systemic exposure producing copper imbalance or oxidative stress would falsify a generic

regeneration claim.

RESEARCH AGENDA

What would materially change the
conclusion?

01 Human route-specific PK for topical and injectable exposure
02 Copper balance and oxidative-context studies

03 Controlled single-ingredient topical trials

04 Objective matrix quality and biomechanics

05 Systemic safety before regeneration claims

06 Formulation and stoichiometry comparisons

CITED PRIMARY EVIDENCE CORPUS

O source records

This corpus documents the claims made in this monograph; it is not presented as an exhaustive systematic-review
search.

Maquart et al. FEBS Lett. 1988;238:343-346. - PMID Miller et al. Arch Facial Plast Surg. 2006;8:252-259. -
3169264 PMID 16847171

Pickart et al. Biomed Res Int. 2015;2015:648108. - Simeon et al. GHK-Cu stimulates matrix

PMID 26236730 metalloproteinase-2 expression in fibroblasts. Life Sci.

2000. - PMID 11045606

Wegrowski et al. GHK-Cu stimulates sulfated Kang et al. Copper-GHK increases integrin expression
glycosaminoglycan synthesis. Life Sci. 1992. - PMID and p63 positivity in keratinocytes. Arch Dermatol Res.
1522753 2009. - PMID 19319546
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