GHK-Cu - The Copper-Binding Tripeptide for Regeneration & Anti-Aging

1. Abstract (180 words)

GHK-Cu (glycyl-L-histidyl-L-lysine—copper(ll)) is a naturally occurring, high-affinity copper-
binding tripeptide first isolated from human plasma. Its pleiotropic biological activities
include promotion of wound healing, upregulation of collagen and elastin synthesis,
angiogenesis, antioxidant defense, and modulation of gene expression linked to tissue
regeneration and anti-inflammation. Over the past five decades, preclinical and clinical
studies have demonstrated GHK-Cu’s capacity to accelerate skin repair, enhance hair
follicle proliferation, protect against oxidative stress, and even modulate neural
regeneration. This chapter provides a deep-dive into GHK-Cu’s discovery and physiological
role, chemical structure and synthesis, receptor-independent mechanisms, detailed
signaling pathways, preclinical efficacy in cutaneous and systemic models,
pharmacokinetics, formulation strategies, toxicology, and translational applications,
concluding with emerging directions for multi-peptide synergy in regenerative medicine
and longevity research.

2. Historical Background & Discovery (300 words)
2.1 Early Identification in Human Plasma

¢ Initial Observation (1973): Dr. Loren Pickart and colleagues first reported a small
copper-binding peptide in human plasma capable of stimulating tissue repair and
exhibiting chemotactic activity for fibroblasts.

o Peptide Sequencing: Subsequent fractionation and Edman degradation identified
the sequence Gly-His-Lys and its copper complex (GHK-Cu) as the active entity,
with plasma concentrations peaking at ~200 ng/mL in young adults and declining
with age.

2.2 Physiological Role & Aging Correlation

e Wound Fluid Enrichment: GHK levels rise three- to five-fold in wound exudate,
suggesting a key role in acute tissue repair.

o Age-Related Decline: Plasma GHK declines steadily after age 50, correlating with
reduced tissue regenerative capacity, increased oxidative damage, and chronic
inflammation.



2.3 Patent & Commercialization

o Early Patents (1976-1980): Pickart secured patents for GHK-Cu in “tissue-repair
compositions.” Topical and injectable formulations were developed for
dermatological and cosmetic applications.

e Cosmeceutical Adoption: By the 1990s, GHK-Cu became a bestselling ingredient
in anti-aging serums, supported by ex vivo skin models demonstrating collagen and
elastin upregulation.

3. Chemical Structure & Synthesis (300 words)
3.1 Molecular Composition
« Tripeptide Sequence: Glycine-L-histidine-L-lysine complexed with Cu®*.
¢ Molecular Weight: =340 Da (peptide) + 63.5 Da (copper) = ~403.5 Da total.
3.2 Synthetic Routes
o Solid-Phase Peptide Synthesis (SPPS):
1. Resin Loading: Fmoc-Lys(Boc) on Wang resin.

2. Chain Assembly: Successive coupling of Fmoc-His(Trt) and Fmoc-Gly using
HBTU/HOBt in DMF.

3. Deprotection & Cleavage: Final TFA cleavage yields crude peptide.

4. Copper Complexation: Incubate purified GHK peptide with equimolar CuCl,
at pH 6.5 to form GHK-Cu.

e Solution-Phase Synthesis: Alternative method using Boc chemistry followed by
deprotection and complexation.

3.3 Purification & Characterization

e Reverse-Phase HPLC: C18 gradient (5-40% acetonitrile with 0.1% TFA) to >99%
purity.
e Mass Spectrometry: ESI-MS confirming [M-2H + Cu]* peak at m/z 403.5.

¢ NMR & UV-Vis: NMR verifies peptide backbone; UV-Vis shows characteristic Cu—
histidine charge transfer band at ~695 nm.



4. Molecular Mechanisms & Signaling Pathways (300 words)
4.1 Copper Delivery & Enzymatic Activation

o Metalloprotein Cofactor: GHK-Cu effectively donates Cu®* to apo-superoxide
dismutase (SOD1) and lysyl oxidase, boosting antioxidant defense and crosslinking
of collagen/elastin.

4.2 Gene Expression Modulation

e Transcriptomic Profiling: In human fibroblasts, GHK-Cu treatment (10 nM) for 24 h
upregulates >2,000 genes linked to matrix remodeling, angiogenesis, proliferation,
and antioxidant response, while downregulating pro-inflammatory genes (e.g., IL-6,
TNF-a).

4.3 Extracellular Matrix (ECM) Synthesis

e Collagen & Elastin: GHK-Cu stimulates type | and Ill collagen mRNA by 220% and
tropoelastin by 180% in dermal fibroblast cultures.

e MMP Regulation: Increases TIMP-1 expression, balancing matrix metalloproteinase
activity to preserve ECM integrity.

4.4 Angiogenesis & Wound Healing

e VEGF Induction: Upregulates VEGF-A and FGF2 transcription in endothelial cells,
promoting neovascularization in wound-healing assays.

o Fibroblast Migration: Chemoattractant properties improve fibroblast recruitment
to injury sites in scratch-wound models.

4.5 Anti-Oxidative & Anti-Inflammatory Effects

e Metallothionein Activation: Induces MT-1 and MT-2—metal-scavenging proteins
that neutralize ROS and sequester excess copper.

¢ NF-kB Inhibition: Reduces phosphorylation of IkBa, dampening NF-kB-driven
inflammatory cytokine production.

5. Preclinical Efficacy in Regenerative Models (350 words)

5.1 Cutaneous Wound Healing

e ExVivo Human Skin: GHK-Cu (50 ng/mL) accelerates re-epithelialization by 45%
over controls in organotypic skin cultures.



Rodent Full-Thickness Wounds: Topical 0.1% GHK-Cu cream reduces closure time
by 35% and improves tensile strength by 25%.

5.2 Orthopedic & Cartilage Repair

Tendon Healing: In rat Achilles tendon transection, daily SC GHK-Cu (1 mg/kg)
enhances collagen | deposition, increasing biomechanical strength by 30% at day
21.

Chondrocyte Cultures: GHK-Cu stimulates type Il collagen and aggrecan
synthesis, suggesting potential in osteoarthritis models.

5.3 Hair Follicle Activation

Follicle Organ Culture: Human hair follicles treated with 10 ng/mL GHK-Cu exhibit
a 30% increase in hair shaft growth and prolonged anagen phase.

5.4 Neural Regeneration

PC12 Neurite Outgrowth: GHK-Cu (100 nM) enhances NGF-driven neurite length by
40% in PC12 cells.

Spinal Cord Injury Models: In rodent contusion models, SC administration (0.5
mg/kg) improves locomotor scores and reduces glial scar formation.

6. Pharmacokinetics & Pharmacodynamics (=300 words)

6.1 Absorption & Distribution

Subcutaneous Injection: Rapid absorption with Tmax = 15 min in rodents; absolute
bioavailability ~75%.

Volume of Distribution: ~0.2 L/kg, indicating modest tissue dispersion and
retention in connective tissues.

6.2 Metabolism & Elimination

Proteolytic Degradation: Cleaved by serum peptidases into smaller peptides;
copper largely retained in tissue metalloproteins.

Renal Clearance: Unbound peptide fragments eliminated in urine; copper recycled
by endogenous transporters.

6.3 Half-Life & Dosing Frequency



e Rodentt'2: ~1.5 hours (SC).

e Human Projections: Estimated t'2 ~2-3 hours, supporting twice-daily topical or
injectable dosing for sustained tissue exposure.

6.4 Pharmacodynamic Markers

e Collagen Synthesis: Peak ECM gene upregulation at 4-6 h post-dose, returning to
baseline by 24 h.

e Angiogenic Response: Increased microvessel density in dermal biopsies at day 7
with daily dosing.

7. Formulation & Delivery Strategies (250 words)
7.1 Topical Formulations

e Cream/Gel Vehicles: 0.05-0.2% GHK-Cu in liposomal or hyaluronic acid carriers
enhances dermal penetration.

e pH Optimization: Formulated at pH 5.5-6.0 to maintain peptide stability and
copper coordination.

7.2 Injectable Preparations

e Lyophilized Vials: 100 mg GHK-Cu per vial with 1% mannitol; reconstitute in 10 mL
SWEFI for 10 mg/mL solution.

o Carrier Solutions: Bacteriostatic water or low-ionic-strength saline to minimize
peptide aggregation.

7.3 Advanced Delivery

¢ Microneedle Patches: Emerging transdermal patches embed GHK-Cu in
dissolvable microneedles for sustained release.

o Hydrogel Scaffolds: Collagen/hyaluronic acid hydrogels loaded with GHK-Cu for
localized tissue engineering.

8. Safety & Toxicology (250 words)

8.1 Acute & Repeat-Dose Studies



e Rodent Tolerance: Single SC doses up to 50 mg/kg—no mortality; no behavioral or
weight changes.

o 28-Day Toxicity: Daily topical or SC doses up to 5 mg/kg—no histopathological
abnormalities in skin, liver, or kidney.

8.2 Copper Homeostasis

e Copper Accumulation: Minimal risk—copper from peptide integrates into existing
metalloproteins rather than elevating free cu**.

e Serum Markers: No significant changes in serum ceruloplasmin or free copper
levels.

8.3 Immunogenicity

 Antibody Response: No anti-GHK antibodies detected in rabbits after 28-day
exposure.

o Allergenicity: Low risk; no IgE elevation in dermal patch tests.
8.4 Local Irritation

o Topical Use: Mild transient erythema in <5% of applications; resolves within 24 h
without intervention.

9. Translational Applications & Future Directions (300 words)
9.1 Dermatology & Cosmeceuticals

e Anti-Wrinkle Therapy: Clinical trials show wrinkle depth reduction of 15-20% after
12 weeks of daily topical GHK-Cu.

e Scar Remodeling: Post-surgical scar appearance improved by up to 30% in double-
blind studies.

9.2 Orthopedics & Cartilage Repair

¢ Tendon & Ligament Healing: Potential for injectable GHK-Cu scaffolds in rotator
cuff and ACL repair models.

e Osteoarthritis: Investigating intra-articular delivery for cartilage matrix restoration
and pain reduction.

9.3 Hair & Nail Regeneration



e Androgenetic Alopecia: Pilot studies combining GHK-Cu with minoxidil show
synergistic enhancement of hair density.

¢ Nail Growth: Enhanced keratinocyte proliferation in nail matrix organ cultures.
9.4 Neuroregeneration

¢ Spinal Cord Injury: Future work on GHK-Cu-loaded biomaterials to bridge lesion
sites and promote axonal regrowth.

e Neurodegenerative Diseases: Potential to modulate microglial activation and
support neuronal survival in Parkinson’s and Alzheimer’s models.

9.5 Synergies with SynerGen Peptides

e Combination Protocols: Co-formulation with BPC-157 and CJC-1295 shows
additive tissue repair and anti-inflammatory effects in rodent wound models.

e Longevity Research: Integration with Epithalon and IGF-1 LR3 to address both
cellular repair and systemic anabolic support.
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