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Introduction

Abstract

Introduction: ~ Peptides  are
promising and attractive anti-
wrinkle active  ingredients,
amongst which glycyl-histidyl-
lysine peptide (GHK) is one
of the most broadly promoted
peptide for topical application.
This simple sequence of amino
acid residues not only has the | pamagedskin i ol
capability of tissue regeneration
and the enhancement of collagen
and glycosaminoglycans synthesis but also is able to increase nerve outgrowth and angiogenesis.
Consequently, GHK has several properties, from wound healing to prevention/reduction wrinkles.
GHK-Cu and Pal-GHK are metal complex and palmitoylated derivatives of GHK, respectively.
Although GHK-Cu and Pal-GHK are widely used in anti-wrinkle products available on the cosmetic
market, the published information on their skin permeability, effectiveness, physicochemical properties
and so on is insufficient.

Methods: This review aims to highlight whether GHK is sufficiently effective on wrinkle prevention/
reduction. Apart from the effectiveness, another question that is tried to be answered is whether skin
permeability of GHK allows it to act as an anti-wrinkle peptide at its site of action? Skin permeation
enhancement methods employed so far are also reviewed.

Results: Based on cellular studies, undoubtedly, GHK can be considered as an anti-wrinkle ingredient.
Although GHK-Cu and Pal-GHK have been of interest as effective peptides to be incorporated in the
anti-wrinkle products, there is a surprising absence of clinical studies using them. Metal complexation
and chemical modification with a hydrophobic moiety increase permeability of this peptide. Besides,
cell penetrating peptides seem promising to increase skin permeation of GHK and its derivatives. Skin
pretreatment with microneedles also has the potential to be further studied for permeation enhancement
of such peptides. As peptide ingredients, their formulation may encounter some challenges, mainly due
to their hydrophilic (high aqueous solubility and low partition coefficient) and unstable nature.
Conclusion: Although GHK-Cu and Pal-GHK are effective and relatively skin permeable, their
permeability could be successfully increased using permeation enhancement methodologies.
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neurotransmitter-inhibitor peptides.’ GHK is a signal

There are growing evidences that suggest the functional
role of peptides in several areas, including in counteracting
the effects of skin aging. Currently, peptides are becoming
interesting anti-wrinkle cosmetic ingredients"* of which
glycyl-histidyl-lysine peptide (GHK) is a well-known
peptide not only in the market of anti-aging products
but also in the other aspects of sciences. There are four
main groups for topical peptides, including signal
peptides, carrier peptides, enzyme-inhibitor peptides and

peptide and capable of promoting the production of
elastin, proteoglycans and glycosaminoglycans as well as
regular collagen synthesis in the intact skin. In addition,
GHK is a carrier peptide and able to deliver the important
trace element copper into skin cells.*” Two main available
derivatives of GHK are copper peptide (GHK-Cu) and
palmitoylated peptide (Pal-GHK) (Fig. 1).

GHK-Cu (Fig. 1) is a metal complex of GHK tripeptide
with copper (II) ion, which forms spontaneously.
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Fig. 1. Chemical structures of GHK and its copper and palmitoylated (Pal) derivatives.

According to X-ray analysis, glycine and histidine
residues bind as a ligand to a metal cation (Cu**).° The
lysine residual side chain may be involved in identifying
receptors on target skin cells. As explained later, the
involvement in the enzymatic anti-aging process is what
the copper element does.” Both moieties of GHK-Cu,
whether GHK or Cu?*, play a role in preventing the aging
process.

Palmitoyl-GHK (Pal-GHK, also known as palmitoyl
tripeptide-1) is a derivative of GHK that is produced
through the chemical modification using palmitic acid, a
16-carbon fatty acid (Fig. 1). The covalent attachment of
palmitic acid, as a hydrophobic moiety to topical peptides
is performed with the purposes of improving the skin
permeability of peptides. Matrixyl™ 3000 is a combination
of Pal-GHK and Pal-GQPR (glycine-glutamine-proline-
arginine) which is commercialized as an anti-wrinkle
product.’

Here, the bioactivity and effectiveness of GHK and its
derivatives are initially reviewed and then the possibility
of skin permeation of GHK, GHK-Cu and Pal-GHK and
enhancement approaches are discussed.

Bioactivity of GHK

GHK is a leader sequence which improves the fabrication
of extracellular matrix components including collagen,
elastin and glycoproteins.> This peptide sequence
proteolytically separates from its parent molecule,
SPARC glycoprotein (Secreted Protein Acidic and Rich
in Cysteine), one of the main secretory products of
fibroblasts.®

As mentioned earlier, GHK can carry and transfer
copper, a crucial element for the performance of
the enzyme lysyl oxidase that is produced in the
mitochondria of fibroblast cells. This essential enzyme
for the stabilization of extracellular matrixes mediates
cross-linking in connective tissue via catalyzing the
oxidative deamination of amine group in lysyl residues
in tropocollagen and tropoelastin. Lack of copper can
lead to the lysyl oxidase insufficiency and subsequently
mechanical changes in the skin.”

GHK peptide has multiple effects on biological and
cellular pathways. New gene analysis data has shown that
GHK/GHK-Cu affects a wide range of genes involved in
the organism’s response to stress, such as inflammation,
pain, cancer, anxiety, injury and so forth. Incubation
of human skin fibroblasts with GHK-Cu increased
production of connective tissue elements (e.g., elastin
and collagen) as well as increased the expression of tissue
inhibitors of metalloproteinases in the skin."

Integrins are a family of transmembrane adhesive
receptors present on keratinocytes. These principal
receptors bind to the extracellular matrix’s (ECM’s)
ligands (e.g., fibronectin, vitronectin, collagen and
laminin) and mediate cell-cell and cell- ECM adhesion.!!
Using cultured keratinocytes and skin equivalent models,
the effects of GHK-Cu on keratinocytes were evaluated
by Kang et al*? which showed that the cell exposure to
GHK-Cu led to stimulation of basal epidermal cells and
subsequently increased integrin expression.

In addition to the cellular studies, the results of some
animal studies have also confirmed that GHK-Cu has
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beneficial effects on the skin. Maquart et al evaluated the
effects of GHK-Cu on stimulation of connective tissue
accumulation in the Sprague-Dawley rats. The sequential
injections of various concentrations of GHK-Cu into the
implanted wound chamber increased the dry weight, total
protein, collagen, DNA and glycosaminoglycan content in
the rat skin. This increasing effect was dose-dependent.”

Some studies involving human volunteers have
also established the ant-wrinkle effects of GHK-
Cu. Abdulghani et al** studied the effects of topical
application of GHK-Cu, vitamin C, melatonin and
tretinoin on the ultrastructure of skin. Twenty persons
were included in this study for a time period of 1 month.
The first group of ten used a topical GHK-Cu cream and
a topical melatonin cream on the left and right thighs,
respectively. The rest used vitamin C topical cream and
retinoic acid topical cream on the left and right thighs,
respectively. A comparison of skin biopsies at baseline
and after one month of treatment revealed that GHK-
Cu was the most effective treatment, so that procollagen
synthesis by dermal papillary fibroblasts increased in 70%
of volunteers treated with GHK-Cu, 50% treated with the
vitamin C, and 40% treated with retinoic acid."*

Given the published studies, GHK-Cu is effective
on improvement of the signs of photoaging. A GHK-
Cu cream was applied to the area around the eyes of 41
female participants with mild to advanced photodamage
for 12 weeks. This intervention displayed a better
performance comparing to placebo or a vitamin K cream
so that GHK-Cu eye cream improved appearance via
reducing lines and wrinkles as well as increasing the
skin thickness and density."® Besides the photoaged skin
around the eye, GHK-Cu cream also affected the facial
skin of female participants (n=71) with mild to advanced
signs of photoaging. The application of GHK-Cu cream
for 12 weeks caused the enhancement of skin density and
thickness and the reduction of skin laxity, fine lines and
the depth of wrinkles.'®

No cellular or clinical studies were found about the
evaluation of anti-wrinkle properties of Pal-GHK in
the literature. Although the results of published cellular
studies conducted on the other chemically modified
anti-wrinkle peptides using such moieties have shown
that the conjugation does not eliminate the bioactivity
of anti-wrinkle peptides,'”'® whether conjugation of
a hydrophobic moiety to GHK alters its bioactivity is a
question that needs to be answered experimentally.

Skin permeability of GHK, Pal-GHK and GHK-Cu
Based on the studies mentioned in the previous section,
undoubtedly GHK is effective on wrinkle reduction.
Although bioactivity is a required property for an anti-
wrinkle peptide, it is obvious that in in-vivo conditions,
skin permeability is a prerequisite to efficiency.’

GHK is a tripeptide with molecular weight (MW) of

340.4 Da and calculated logarithm of partition coefficient
(clogP) of -2.24.° Although the MW of GHK peptide
does not exceed the ideal MW cutoff of skin permeation
(i.e., about 500 Da), its logP is not in the appropriate
range (i.e., 0 to 4) for skin permeation. Besides, GHK is
a charged molecule at physiological pH. These latter two
properties restrict the permeability of GHK through the
stratum corneum, the main skin barrier against peptides
permeation. If GHK molecules can permeate the skin,
they will expose to the proteolytic enzymes which is
another obstacle for GHK reaching its target in the right
concentration.

One approach to enhance the skin permeation of
hydrophilic peptides is chemical modification using
hydrophobic moieties. The chemical modification can
simultaneously enhance the resistance of peptides against
skin proteases. The covalent attachment of palmitic acid
to the lysine residue of GHK converts it to a peptide
conjugate (Pal-GHK) with MW of 578.8 Da and clogP of
1.14.” Due to the more hydrophobic nature of Pal-GHK,
the affinity of this peptide to the intercellular lipid matrix
of the stratum corneum is expected to be higher than
that of GHK (clogP: -2.24). Although the MW of GHK is
increased through chemical modification, the MW of this
conjugate is not still far away from the ideal MW cut-off
of skin permeation.

Another approach to increase skin permeation of
peptidesis metal complexation.” How metal complexation
increases the skin permeability of peptides is still under
question. GHK-Cu is a metal complex with the MW
of 402.9 Da and clogP of -0.94. Using flow-through
diffusion cells, Hostynek et al,”! evaluated the permeation
of GHK-Cu in human stratum corneum (SC), entire
epidermis (SC + viable epidermis) and split thickness skin
(entire epidermis+ a portion of dermis). Based on the
results obtained using inductively coupled plasma mass
spectrometry, the skin permeability coefficients (Kp) for
GHK-Cu over a 48-hour study ranged from 3 x 107 cm/h
across heat-separated epidermis to 5.5 x 10 cm/h across
isolated stratum corneum. When the epidermis was used
as membrane, the percentages of copper measured in the
receptor phase was 0.006% of the applied dose (the least
permeated percentage). In the case of the SC and split
thickness skin, 20% and 2% of applied dose were found
in the receptor phase, respectively. Due to the absence
of underlying skin layers beneath the isolated SC which
retain the permeation of copper peptide, such high level of
penetration across SC was observed. The most (438-fold
increase over baseline) and the least (31-fold increase over
baseline) retention belonged to the SC and split thickness
skin, respectively. Since GHK-Cu is a complex, such
high membrane retention in the stratum corneum was
attributed to the intradermal decomplexation of GHK-
Cu and re-binding of copper to endogenous ligands (e.g.,
amino acids) which possess higher nucleophilic donor
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capacity compared to GHK.*!

In a comparative study, Parke et al, evaluated the
permeability of GHK, GHK-Cu, and Pal-GHK through a
synthetic epidermis (Neoderm'-E).?? Franz diffusion cells
with the receptor phase of phosphate buffered saline were
used in a 24-hour permeability study. As expected, the
most and the least permeation belonged to the Pal-GHK
and GHK, respectively. The percentages of cumulative
permeated peptide were in the following order: Pal-GHK
(4.61%) > GHK-Cu (3.86%) > GHK (2.53%). Based on the
results of this study, the permeability of both derivatives
is higher than that of parent peptide. The permeability of
Pal-GHK is the most, indicating the more effectiveness
of chemical modification with hydrophobic moiety
compared with metal complexation. As mentioned
earlier, the copper element is involved in the anti-aging
process. GHK peptide is also an anti-wrinkle peptide.
The complexation of two compounds with anti-wrinkle
properties is ideal itself, especially when this complexation
is able to increase skin permeability. However, much
more studies (especially mechanistic studies) are required
to answer the question of whether and how copper ions
can increase GHK skin permeation.

GHK-Cu and Pal-GHK are used as active ingredients
in many anti-wrinkle products available on the cosmetic
market so that Pal-GHK was found as the second most used
anti-wrinkle peptide in 2018, however, not much studies
are published on their skin permeability. Thus, further
investigations focusing on human skin permeability of
these derivatives are considerably required.

Permeation enhancement approaches for GHK, Pal-
GHK and GHK-Cu

There are various chemical and physical approaches
to increase the skin permeation of compounds. The
chemical modification with hydrophobic moieties and
metal complexation have been employed to increase the
skin permeability of GHK peptide. However, to further
increase the skin permeability of these derivatives as
much as possible, some chemical and physical methods
have also been applied. To the best of our knowledge,
among all enhancement methods, only the effects of
chemical modification with cell penetrating peptides
(CPPs)* and pretreatment of skin with microneedles*
have been evaluated in the case of GHK-Cu and Pal-GHK,
as discussed below.

Topical peptides can be chemically modified with CPPs.
These molecules work differently from hydrophobic
moieties. CPPs are a sequence of 5 to 30 amino acids which
are mostly polycationic. CPPs are capable of delivering
small molecules and macromolecules to their targets
inside the cells or inside the skin.** The skin permeability
enhancement mechanism of CPPs has not been fully
understood yet and most published studies are about how
CPPs can increase permeability of cargos through vital

cell membrane and not through the SC (composing of
dead cells). However, based on the results of a few studies
performed in this respect, CPPs affect both intercellular
lipids and keratinized cells of the SC.?® Arginine oligomers
[R4(tetra-D-arginine), R6(hexa-D-arginine)] as CPPs
have been chemically conjugated to GHK (Fig. 2), GHK-
Cu and Pal-GHK and permeation of these conjugates
were evaluated using a synthetic epidermis (Neoderm'-E)
and Franz diffusion cells.”? Both CPPs increased the
permeability of the mentioned peptides, but R4 had a
better performance than R6 (maybe because of smaller
size). The increased permeability followed the order of
GHK+R4 (7.6%) < GHK-Cu+R4 (8.7%) < Pal-GHK+R4
(9.8%).2 These results might show that CPPs are suitable
candidates for increasing skin permeability of anti-
wrinkle peptides, however, further studies are required to
elucidate all aspects of such potentials.

Microneedle pretreatment has been shown to be
an efficacious approach to improve skin permeation
of peptides or macromolecules such as proteins.*>
Skin pretreatment using solid microneedles create
some microchannels in the skin which could be a
potential delivery route for compounds.*> Considering
this capability, Li et al ascertained the effects of skin
pretreatment using polymeric microneedle array on
GHK-Cu permeability.* Using the 3M™ Microchannel
Skin System (13 by 27 array, needle height: 700 pm,
needle spacing: 500 pm, shape: square pyramidal) as well
as vertical Franz diffusion cells (donor phase: 2 ml of
5.8 mM [GHK],Cu solution, receptor phase: phosphate
buffered saline, test duration: 9 hours) the permeation
of GHK and GHK-Cu through human dermatomed skin
was investigated. Also, the effect of application forces on
depth and percentage of microneedle penetration was
studied. The results showed that the higher the applied
force the higher the depth and percentage of penetration.
In the case of intact human skin (i.e., no pretreatment),
no peptide or copper permeated, whereas about 134
nanomoles of GHK and 705 nanomoles of Cu permeated
across the microneedle-pretreated skin. The use of
microneedle pretreatment may be a useful approach to
enhance skin permeation of such peptides.

INH2 NH,
HN N/)\NHQ
o o\\() NH,
HO NH
u 4or6
0
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Fig. 2. The chemical structure of GHK+R4/GHK+R6.
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Other suggestions for enhanced delivery of GHK

GHK and its derivatives are promising anti-wrinkle
ingredients, so the improvement of their skin permeability
can pave the way to more effective anti-wrinkle
products. Although there are several methods to increase
permeability of peptides, here, we intend to outline some
of the applicable enhancement approaches that have
been used successfully for other anti-wrinkle peptides.
These approaches deserve to be given special attention
for enhancing skin permeation of GHK. The MW and
clogP values of all mentioned peptides in this section are
presented in Table 1.

Chemical modification with hydrophobic moieties is
a well-known approach to increase the skin permeability
of anti-wrinkle peptides. Palmitic acid, as a hydrophobic
moiety, was the first choice of researchers, so that
peptide conjugates such as Pal-GHK, Pal-KTTKS (lysine-
threonine-threonine-lysine-serine) and Pal-GQPR have
successfully been synthesized and commercialized.®
Other chemical permeation enhancers like terpenes have
also been shown to have the potential to play the role of
hydrophobic moieties. Terpene conjugation as a novel
approach to improve topical delivery of anti-wrinkle
peptides was introduced by our research team for the
first time.” Two terpenes including citronellic acid and
perillic acid with different chemical structures (linear
and cyclic, respectively) were chemically attached to
KTTKS, a signal peptide. Using human epidermis and
a hydrophobic membrane model, the permeability of
KTTKS, Pal-KTTKS, citronellic acid-KTTKS and perillic
acid-KTTKS (see Table 1 for MW and clogP values) were

Table 1. The MW and clog P values of some anti-wrinkle peptides

Peptides Molecular weight (Da) clogP’
GHK 340.4 -2.24
Pal-GHK 578.8 1.14
GHK-Cu 402.9 -0.94
KTTKS 563.6 -3.45
Pal-KTTKS 802.1 3.72
Citronellic acid-KTTKS 715.9 -0.08
Perillic acid-KTTKS 711.8 -0.88
KT 247.3 -2.00
GQPR 456.5 -3.21
VGVAPG 498.6 -0.38
Acetyl hexapeptide-3 889.0 -6.67
Melanostatin 284.3 -1.07
GEKG 389.4 -2.58
Carnosine 226.2 -2.17

*All clog P values were calculated by ACD/ChemSketch freeware
software.*

GHK: glycyl-histidyl-lysine, Pal: palmitic acid, KTTKS: lysine-threonine-
threonine-lysine-serine, KT: lysine-threonine, GQPR: glycine-glutamine-
proline-arginine, VGVAPG: valine-glycine-valine-alanine-proline-glycine,
GEKG: glycine-glutamic acid-lysine-glycine.

evaluated. Contrary to KTTKS and perillic-acid-KTTKS
which did not pass through the membranes, Pal-KTTKS
and citronellic acid-KTTKS penetrated into both model
and epidermal membranes, except that Pal-KTTKS was
not found in the receptor phase. Since palmitic acid, a
linear fatty acid, is a component of stratum corneum
intercellular lamellar structure, and because of linear
structure of KTTKS, the entrapment of Pal-KTTKS in the
stratum corneum seems reasonable. The higher ability
for diffusion through membranes (due to lower MW
compared to that of Pal-KTTKS) as well as the lower chance
for entrapment inside stratum corneum (due to having a
ring in the structure of terpene) were proposed as reasons
for higher permeation of citronellic acid-KTTKS.** Based
on these results, the chemical modification of GHK using
terpenes could be a new idea to enhance skin permeability
of this peptide.

Although chemical modification of hydrophilic
peptides with palmitic acid creates a conjugate with more
hydrophobic nature, the increased MW of the conjugates
in comparison to the parent peptide causes a new problem
for permeation through skin. Therefore, using fatty
acids with shorter chain length as hydrophobic moiety
could be brought up an applicable suggestion for GHK
permeability improvement.* In another investigation
of our group, fatty acids with different carbon chain
lengths (C8, C10, C12) were chemically attached to the
anti-wrinkle dipeptide KT (lysine-threonine). C8-KT
with the lowest molecular weight showed the most skin
permeation.*

Besides adding hydrophobic moieties to the peptides,
the structures of anti-wrinkle peptides themselves can
also be modified. For example, in order to decrease the
formation of zwitterionic form, the side chains of amino
acids residues of acetyl-hexapeptide-3 were chemically
modified and it has been shown that this strategy affects
the skin permeability of this peptide positively.*®

Skin  pretreatment with chemical penetration
enhancers or using these substances in the formulation
of cosmetic peptides has been shown as a relatively
efficacious enhancement approach. Despite the
simplicity of implementation, this method has not yet
been investigated to increase GHK skin permeability.
However, 1,2-pentylene glycol, an amphiphilic diol, was
demonstrated as an effective enhancer for carnosine, an
antioxidant dipeptide.”” Besides, propylene glycol has
shown the ability for enhancing skin permeability of the
acetyl-hexapeptide-3 (Argirelin’). As a neurotransmitter
inhibitor peptide,acetyl-hexapeptide- 3affectsthechemical
synapse by inhibiting the release of acetylcholine.’**
We did not find any publication on the effects of other
chemical penetration enhancers (e.g., amides, fatty acids,
surfactants, essential oils, terpenes, esters and so forth) on
skin permeability of anti-wrinkle peptides. To some up,
chemical penetration enhancers (either physical mixture
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with peptides or chemically attached to peptides) seem to
be good candidates to improve skin permeability of GHK
and its derivative.

In addition to chemical strategies, various physical
enhancement methods are employed to affect skin
permeability of small molecules and macro-molecules but
when it comes to the anti-wrinkle peptides, an obvious
paucity of literature is observed. Microneedle is a more
common physical strategy to enhance delivery of anti-
wrinkle peptides so that the delivery of GHK-Cu,* Pal-
KTTKS, melanostatin,® GQPR, acetyl hexapeptide-3
and VGVAPG (valine-glycine-valine-alanine-proline-
glycine)® has been investigated after microneedle
treatment. Another physical method applied for anti-
wrinkle peptides is iontophoresis. The iontophoretic
delivery of acetyl-hexapeptide-3 through skin has been
evaluated. Comparison with passive permeation, the
iontophoresis at pH 7.4 caused a 30-fold increase in the
skin permeability of this peptide. Due to the net zero
charge of acetyl-hexapeptide-3 at the applied pH, the
electroosmosis was considered as the main permeation
enhancement mechanism.* It is highly suggested to
investigate the effects of iontophoresis and other physical
strategies on skin permeation of anti-wrinkle peptides,
specially GHK and its derivatives.

Various types of nanostructures are being investigated
in the field of cosmetic as active agents (e.g. nanometals)
or carriers (e.g. liposomes).”” Anti-wrinkle peptides
can also benefit encapsulation into nanocarriers since
these carriers not only can increase skin permeation and
retention but also protect the cargo from destabilizing
agents inside the barrier. In the case of anti-wrinkle
peptides, amongst numerous carriers used for delivery of
cargos, lipid-based carriers such as phospholipid-based
vesicular nanocarriers, liquid crystalline nanoparticles and
microemulsions have been received particular attention.
The phospholipid-based vesicular nanocarriers including
transformer-ethosomes, ethosomes and liposomes have
been loaded by Pal-KTTKS and compared with each
other in terms of flexibility and ability to enhance skin
permeation of the cargo.”” The transformer-ethosomes
with the size range of 77.2 nm to 112.2 nm not only
exhibited the most flexibility but also performed better
than ethosomes (particle size: 99.7 nm) and liposomes
(particle size: 112.2 nm) in terms of permeability
enhancement so that in permeation study test, only Pal-
KTTKS loaded in this type of carrier were found in the
receptor phase. Encapsulation of Pal-KTTKS into liquid
crystal nanoparticles also resulted in the enhancement of
both skin permeability and retention.*

To act as an anti-wrinkle peptide, GEKG (glycine-
glutamic acid-lysine-glycine, MW: 389.4, clog P: -2.58)
should reach to its target in the skin i.e., the dermis layer.
This tetrapeptide is a collagen synthesis stimulator. A
W/O microemulsion congaing GEKG were prepared and

its skin permeation compared with that of a standard
cream. Results have shown that the remnant peptide
in the stratum corneum following microemulsion
application was much lower than standard cream, while
the microemulsion has allowed much higher amount of
GEKG to meet deeper skin layers, the targets.”

In the case of GHK, GHK-Cu and Pal-GHK, to the best
of our knowledge, this is not much data on the application
of nano-carriers toward skin delivery of these peptides.
Only in one study’ and in order to assess the compatibility
of GHK-Cu with common components of lipid-based
nanocarriers, niosomes composed of cholesterol
and sorbitan monostearate with and without dicetyl
phosphate, the surface charge modifying surfactant,
have been used.” GHK-Cu loaded niosomes composed
of sorbitan monostearate and cholesterol exhibited no
degradation after being stored at 40°C for 1 month. On the
contrary, GHK-Cu loaded niosomes composed of three
components (i.e., cholesterol, sorbitan monostearate,
and dicetyl phosphate) showed degradation. This was
attributed to the ionization of phosphoric acid moiety in
the structure of surfactant (i.e., dicetyl phosphate) which
led to the nucleophilic cleavage of GHK-Cu.” Given the
advantages of delivery systems especially nanoparticles,
much further attention should be paid to using such
carriers for enhanced skin delivery of GHK and its
derivative.

Pal-KTTKS is one of the first peptides introduced to
the cosmetic market and most research on anti-wrinkle-
peptides is about this palmitoylated peptide. Despite the
attention paid to Pal-KTTKS and available information
about this peptide, other anti-wrinkle peptides seem to
have been somewhat neglected. We might need to turn
our attention to other anti-wrinkle peptides including
GHK and its derivatives as well.

GHK physicochemical properties and formulation
challenges

The main purpose of preformulation studies is to optimize
the process of developing an effective candidate molecule
to a product. Unfortunately, there is a surprising lack
of much information when it comes to preformulation
studies on anti-wrinkle peptides including GHK
derivatives. To the best of our knowledge, there is only one
published study on the preformulation of metal complex
derivative of GHK i.e., GHK-Cu’ and almost no published
preformulation study is available about the palmitoylated
derivative of GHK.

In an attempt to conduct a preformulation study on
GHK-Cu, the physicochemical properties of GHK-Cu,
including the equilibrium aqueous solubility as well as
the n-octanol/buffer distribution coefficients (logD)
have been determined at ambient temperature.” Besides,
the stability of GHK-Cu aqueous solution under various
stress conditions such as 0.5 M hydrochloric acid and 0.5
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M sodium hydroxide both at 60 °C, and 0.5% hydrogen
peroxide at 22 °C were investigated. The compatibility
of GHK-Cu with some common excipients used in
preparation of noisome (i.e., Span 60, cholesterol and
dicetyl phosphate) were also evaluated. The logD values
for GHK-Cu at pH values of 7.4, 5.5, and 4.5 were -2.49,
-2.38, and -2.49, respectively and the aqueous solubility of
GHK-Cu was about 325 mg/mL. As expected, the results
obtained regarding logD values along with the obtained
aqueous solubility confirm that GHK-Cu is a hydrophilic
peptide. In the case of forced degradation study, the
worst stressor to induce hydrolytic cleavage was oxidative
environment so that only 84.2% of GHK-Cu remained
after one hour at 22 °C. The acidic stressor had the lowest
impact on the degradation of GHK-Cu. The results of
stability study showed that no detectable degradation
at 60 °C over 14 days about aqueous solutions with pH
5.5 and 7.4. According to the authors, incorporation of
GHK-Cu in a delivery system like noisome would be
beneficial to protect as well as deliver a peptide with such
physicochemical properties. Niosomes formulated using
Span 60 and cholesterol without diacetyl phosphate,
when stored at 40 °C, did not show any degradation for
four weeks. However, using the surface charge modifying
surfactant (i.e., diacetyl phosphate) along with Span 60
and cholesterol in the formulation reduced the stability.
The lower stability of this formulation was attributed to
the presence of phosphoric acid moiety in the structure
of dicetyl phosphate which can promote the nucleophilic
cleavage of the peptide in the basic solutions.” Although
this study contains important and useful data, there
are still some properties that should be experimentally
determined for GHK-Cu including the physical form,
pKa, hygroscopicity, particle size and shape, and so forth.

The common technique for identification of peptides
is liquid chromatography-mass spectrometry’® and
anti-wrinkle peptides are not an exception. In addition
to identification, the quantitative analysis of peptides
is of great importance specially to assay their amount
in formulations during stability studies. Besides, the
achievement to a quantitative analysis method for
measuring concentration of molecules permeated
through skin is inevitable in permeation studies of
anti-wrinkle peptides. It is worth noting that GHK-
Cu has a quantitatively challenging assessment, due
to the possibility of dynamic ligand exchange during
permeation across the skin. Therefore, in some studies on
GHK-Cu, the permeation of copper and GHK has been
separately analyzed using atomic absorption spectroscopy
and inductively coupled plasma mass spectrometry
(ICP-MS) for Cu measurement and HPLC-UV for GHK
measurement.?"*

Since many commercial cosmetic products of
GHK derivatives are available on the market, such
preformulation information would be very helpful

for formulators not only for the promotion of current
conventional formulations (e.g., serums, lotions, creams
and so on) but also for the design of advanced formulations
containing different types of delivery systems. The lack of
literature in this field should be taken into consideration
by researchers. As a guide and also to wrap this section,
it is worth referring to two studies performed on
preformulation of other peptides by our group. Mortazavi
et al performed a preformulation study on KTTKS and
Pal-KTTKS and studied their ultra violet absorption,
structure, morphology, birefringence, partitioning,
solubility, thermal behavior, surface activity, critical
aggregation concentration, and stability.”” Tabatabaie
et al also synthesized different fatty acid conjugates of
dipeptide KT and studied the mentioned physicochemical
properties in the case of these conjugates.*

Concluding remarks

There is a growing interest and attention in using
peptides as anti-wrinkle ingredients. GHK is a small
bioactive peptide sequence capable of reducing wrinkles.
From a physicochemical point of view, GHK does not
possess desirable properties to show considerable skin
permeability. However, its skin permeability could be
promoted using copper complexation (GHK-Cu) and
palmitoylation (Pal-GHK). Among many approaches
of skin enhancement, only cell penetrating peptides
and microneedles have been investigated to improve
skin permeability of GHK derivatives so far. Other skin
permeation enhancement strategies such as chemical
permeation enhancers, physical enhancement methods
(e.g., iontophoresis, sonophoresis, and electroporation)
and encapsulation in nanocarriers, despite all their
possible potentials, have not hitherto been investigated to
increase permeability of these peptides.

Although preformulation studies are necessary to
determine the physicochemical properties that may affect
the formulations and their efficacy, only little is known
about physicochemical properties of GHK-Cu and almost
nothing about Pal-GHK. Therefore, the experimental
physicochemical properties of Pal-GHK, as a widely used
ingredient, must be explored. Also, no studies have been
published on the possible side effects of these peptides.
Given the importance of efficacy, permeability and safety
information on anti-wrinkle peptide ingredients, further
research on GHK derivatives is highly encouraged.
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