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Synopsis

Skin ageing is an irreversible process that is caused by both intrin-
sic and extrinsic factors. The possibility of arresting or delaying
skin ageing represents a large research area and has a big potential
in the cosmetics sector. Recently, the polypeptide lysine-threonine—
threonine-lysine—serine (KTTKS) has attracted a lot of attention
and it features in numerous up-market cosmetic products where it
has become erroneously associated with the term ‘pentapeptide’. In
this study, we review in detail KTTKS and its major derivatives, in
terms of the limited information in the literature and an appraisal
of its physicochemical and theoretical skin permeation properties.
There appears to be a sound in vitro basis for its action on fibro-
blasts due to its stimulatory effect on extracellular matrix synthesis,
where the stimulatory effect of KTTKS is specific to collagen types I
and IIT and fibronectin expression. However, there is a surprising
absence of in vitro skin penetration data in the literature, and there
are relatively few clinical studies using these materials.

Le vieillissement cutané est un processus irréversible causé par des
facteurs tant intrinseques qu’extrinseéques. La possibilité d’arréter
ou de retarder le vieillissement cutané représente un grand secteur
de recherche et grand potentiel dans le secteur cosmétique. Récem-
ment, le polypeptide lysine-thréonine-thréonine-lysine-serine
(KTTKS) a attiré 'attention. Il est présent dans de nombreux pro-
duits cosmétiques haut de gamme ou il est faussement associé au
terme de ‘penta peptide’. Dans cette revue, nous examinons en
détail KTTKS et ses dérivés majeurs, avec dans la littérature des
informations limitées quant a I'évaluation de ses propriétés physico-
chimiques et celles de perméation cutanée théoriques. Il semble y
avoir un fondement a propos de son action in vitro sur des fibro-
blastes avec un effet de KTTS stimulant de la synthese de la
matrice extracellulaire, avec une activité spécifique aux collagénes
de type I et III et a I'expression de la fibronectine. Cependant, il y
a, dans la littérature, une absence surprenante de données concer-
nant la pénétration cutanée in vitro et il y a relativement peu
d’études cliniques utilisant cet ingrédient.
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Introduction

Skin appearance contributes a major social impact to human beings
especially on self-esteem and quality of life, and the most apparent
hallmarks of ageing are reflected by the skin. The overall functions
of the skin decrease with age, and are a result of a combination of
intrinsic and extrinsic factors [1-3]. Intrinsic (chronological) change
occurs naturally over time [2, 4, 5] causing structural and func-
tional changes in all layers of the skin [5]. Such effects are mostly
functional, with less impact on skin appearance and can be
described clinically as smooth, dull and fine wrinkles [1, 6]. Intrinsic
factors may be compounded by exposure to extrinsic factors which
are largely environment- and lifestyle-related such as pollution,
smoking, and chronic sun exposure [2, 6, 7]. Ultraviolet (UV) irradi-
ation from sun exposure is widely held to be the primary factor in
premature skin ageing, or photoageing [3, 4, 7, 8]. This extent to
which an individual is prone to photoageing depends mainly on the
degree and duration of exposure to the sun and on skin pigmenta-
tion [4]. Coarse, rough and deep wrinkles are characteristics of
photoaged skin [2, 3, 8]; clinical conditions such as dyspigmentation
and telangiectasia are also associated with the problem [1, 8, 9].

In recent years, the cosmetic sector has delivered numerous
products and chemical compounds in an effort to provide the user
with an arrestive effect on skin ageing processes. In this study, we
aim to review the scientific basis behind and published research on
lysine-threonine-threonine-lysine—serine, KTTKS (sometimes erro-
neously referred to as ‘pentapeptide’) and its major derivatives.

Peptides intended for topical application

Short amino acid sequences, of less than 50 amino acids, can possess
bioactivity and these include components or precursors of larger pro-
teins such as collagens [10, 11]. The theoretical benefits of applying
peptides to the skin were discovered during wound healing research
as the compounds produced beneficial effects to skin components,
particularly collagens and fibroblasts [10, 12—14]. The healing effect
was theorized to be produced by up-regulation of cellular growth fac-
tors caused by angiogenesis, granulation tissue stimulation and new
collagen synthesis [12]. The commercial potential of exploiting the
enhanced biological activity of such compounds within the dermis
was soon realized and numerous products launched with the aim of
improving ageing skin condition. It appears that only the topical
route of administration has been studied in depth.

Generally, peptides intended for topical application may be classi-
fied into four main categories based on their mechanism of actions:
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signal peptides, enzyme-inhibitor peptides, neurotransmitter-affecting
peptides and carrier peptides [12, 15]. The general area was recently
the subject of an excellent review by Gorouhi and Maibach, 2009
[15].

KTTKS

Biological properties

The most widely promoted peptide for topical application is KTTKS
(Fig. 1) which is comprised of five amino acid residues (hence ‘pen-
tapeptide’), KTTKS is regarded as a ‘signal peptide’ — a short amino
acid sequence that possesses the ability to enhance dermal remodel-
ling by triggering cellular processes, such as inhibiting collagenases
activities and increasing extracellular matrix (ECM) production
[12]. KTTKS is a subfragment of type I collagen propeptide and was
discovered in 1993 by a group of researchers at the University of
Tennessee [16]. In vitro studies have suggested that amino (—NH;)
or carboxyl (-COOH) terminal propeptides of collagen, once removed
from their parent procollagen molecules, may exhibit auto-regula-
tory feedback control of their own synthesis [13, 16-18]. KTTKS
was described as being the minimum sequence able to retain 80% of
the original activity of the much larger parent peptide necessary for
stimulating ECM synthesis [13, 16, 17]. The stimulatory effect of
KTTKS appeared to be specific to collagen types I and III and fibro-
nectin expressions [16, 17, 19]. However, in vitro studies described
the effect as cell density-dependent because it has been shown to be
optimal in subconfluent fibroblasts cell culture and gives no response
as the cells become fully confluent [16, 17]. Furthermore, the action
occurred in both dose- and time-dependent modes; as was found to
be neither cell specific nor species-restricted [17].

Mechanism of action

It has been suggested that the stimulatory effect of KTTKS on colla-
gen types I and III and fibronectin relates primarily to the biosyn-
thetic pathway, rather than the export or degradation pathways
[16]. This can be explained as no changes were observed either in
the ratio of secreted/cell-associated collagen or in the rate of intra-
cellular degradation. Furthermore, neither effects on total protein
synthesis are detected, nor is there any changes in the specific
activity of the intracellular proline pool because of peptide stimula-

NH

NH

Figure 1 The chemical structure of lysine-threonine-threonine-
lysine-serine (KTTKS).

tion [16, 17]. Proline content may directly reflect collagen synthe-
sis primarily because of its co-translational conversion to
hydroxyproline which constitutes a relatively high proportion of
the total amino acid composition of collagens [20].

The steady-state levels of the messenger RNAs (mRNAs) encod-
ing type I procollagen and fibronectin were not measurably modu-
lated by treatment with KTTKS, which lead to the conclusion that
KTTKS was active during the post-transcriptional phase [16, 17].
Recently, KTTKS has been documented as promoting the synthesis
of type I collagen by maintaining the stability of mRNA in a pro-
cess associated with the up-regulation of transforming growth fac-
tor-p  (TGF-f) expression [18]. Despite such knowledge, the
mechanism of action of KTTKS has yet to be fully established.

Topical delivery of KTTKS

Peptides generally possess several physicochemical properties that
make their systemic delivery inappropriate, including susceptibility
to extensive proteolytic degradation (by hepatic first-pass metabo-
lism), sensitivity to extreme pH condition (stomach) and risk of
inducing an immune response. Topical application offers a seem-
ingly more direct route to the site of action provided sufficient com-
pound can be delivered into the targeted area. Furthermore,
greater bioavailability could be achieved as a result of much
reduced metabolism.

However, there are several issues to consider when formulating
peptides as topical ingredients, particularly their passive permeation
and penetration potential across the skin. The major obstacle fac-
ing transcutaneous delivery is the skin anatomy itself. Between the
area of application and the site of action in the dermis, there are
numerous physicochemical barriers and issues. Firstly, KTTKS must
be absorbed or partition into the outermost layer, the stratum corneum.
Once the compound has diffused through the stratum corneum it
must permeates through the viable epidermis, without significantly
interacting with keratinocytes and proteolytic enzymes. Once it has
reached and traversed the basement membrane, would KTTKS be
able to elicit its effect in the growing cells of the dermis; provided it
has evaded clearance by bypassing the microvasculature of the
dermis.

Each of the above is capable of providing a formidable obstacle.
However, the stratum corneum is considered to provide the major
rate-limiting barrier for KTTKS skin permeation. This constitutes
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only 10% of the entire skin but contributes a significant role (80%)
in the cutaneous barrier function [21]. Comprising corneocytes in
a lipoidal matrix, the barrier is essentially lipophilic in nature and
provides excellent barrier for passive permeation of exogenous mol-
ecules, especially those that are polar and hydrophilic, as is KTTKS.
Figure 2 shows the major aspects that may generally influence the
permeability of a particular compound across the skin. A com-
pound intended for transcutaneous delivery should have optimal
physicochemical properties, including a log P(octanol/watery in the
range of ~1-3 [15, 22, 23], a molecular weight <500 [15, 22,
23], aqueous solubility >100 ug mL™" [23], melting point <200°C
and <4 polar centres [15]. As the compound becomes more lipo-
philic, its permeability across the skin increases as a result of better
partitioning and as it size becomes larger, its diffusion in the skin is
reduced. However, beyond the optimum lipophilicity, permeation
decreases as a result of the increasingly aqueous environment of
the viable epidermis.

Peptides generally have high-to very high molecular weights
and they are typically charged at physiological pH which making
them hydrophilic, thus contributing to their poor passive skin
permeation [23, 24]. In addition, peptides contain multiple amide
bonds (as hydrogen bond donor and acceptor groups) which have
potential to affect their diffusion across skin [25]. Mathematical
models can be used for estimating the permeation of a compound
across human skin. One of the models most commonly utilized is
the Potts and Guy equation [26]:

log Ky = 0.71108 Poctanol/water) — 0-0061MW — 2.74 (1)

In Equation 1, K, is the permeability coefficient (cm h™),
Ploctanol/water) 18 the octanol/water partition coefficient of the per-
meant, and MW is the molecular weight of the permeant. The
log Poctanol/watery Value can be predicted from numerous software
and online algorithms. KTTKS is a peptide with a molecular weight
of 563.64, comprised of five amino acids and highly hydrophilic
with a predicted log P(clog P) of —3.27 [27]. The calculated value
for K, of 3.16 x 1072 cm h™! [28] is extremely low, and it is imme-
diately apparent that this KTTKS is a poor candidate for topical
delivery. Furthermore, unlike many other cosmetic products that act
only on the stratum corneum and/or epidermis [2, 29], the intended
target of KTTKS is the dermis which will necessitate the surmount-
ing of further barriers. Overall, these properties would be expected to
severely limit the potential of KTTKS reaching its site of action.

Penetration enhancers

One of the strategies available to improve topical delivery is to use
a co-administered chemical penetration enhancer [30]. It has been

© 2011 The Authors

suggested that, fatty acids (FAs) act as enhancers through several
possible mechanisms: (i) disrupting the packed structure of lipids in
the stratum corneum layer to enhance ‘fluidity’ or; (ii) increase skin/
vehicle partitioning of a permeant or; (iii) increase solvent trans-
port into or across the skin [31]. However, for the latter mecha-
nism it has been suggested that eicosapentaenoic acid (and
ethanol, 1,8-cineole) exerts an enhancing effect by a pull or co-
permeation mechanism [32].

Human stratum corneum contains a complex mixture of inter-
cellular lipids with major components including ceramides,
cholesterol, free FAs [33] as well as derivatives of cholesterol and
glucosylceramide [21, 23]. FAs, have been shown to enhance
permeant flux [23], although this is typically as a distinct
co-administered compound. Covalently bonded compounds have
also been used. For instance, the cutaneous absorption of palmitoyl
(ester) derivatives of interferon-alpha was found to be 5-6 times
higher than the unmodified parent compound [33]. Lipophilic
peptides were reported as having ‘no significant’ transcutaneous
penetration [13], a property that is considered desirable for
cosmetic purposes, as systemic activity is unwanted [34].
However, in the case of KTTKS, permeation beyond the viable epi-
dermis is essential if it is to have any effects at its site of action.

The above rationale appears to have been applied to KTTKS as a
means of improving its delivery across the epidermis, involving the
attachment of a lipophilic group (i.e. palmitic acid) to the N-termi-
nal group of lysine through the formation of an amide bond to
form N-palmitoyl-KTTKS, available in a solution commercially
known as Matrixyl™ [10, 13, 35]. The presence of the palmitic
acid moiety, as one of the principle stratum corneum lipids, would
be expected to enable KTTKS to penetrate the epidermal barrier to
a greater extent and act as a ‘permeant localizer’. Once incorpo-
rated into the skin, they could disrupt the lipid packing of the inter-
cellular lipids within the skin layer and decrease diffusional
resistance of the skin towards their conjugated drug. Additionally,
a study conducted on the relative skin irritancy of free FAs of dif-
ferent chain lengths revealed that palmitic acid is among the FAs
which are least irritant to the skin [36].

Currently, the literature describes two major KTTKS derivatives
which are claimed to be able to enhance the delivery of KTTKS
across the skin: Palmitoyl-KTTKS (Fig. 3) and ascorbyl conjugated
KTTKS (Fig. 4).

Palmitoyl-KTTKS

Palmitoyl-KTTKS would be expected to demonstrate increased per-
meation across the skin compared to KTTKS (clog P = -3.27),
because it has a major improvement in terms of its predicted log P
value (clog P = 3.32) [27]. However, a study suggested that an
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Figure 3 The chemical structure of palmitoyl-KTTKS.
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Figure 4 The structure of stabilized ascorbyl pentapeptide (SAP).

octanol/water partition coefficient is only able to predict semi-quan-
titatively a compound’s permeability coefficient [37]. Molecular
weight of the compound should be taken into consideration as
well. Any modified compound will by definition possess increased
molecular weight (Palmitoyl-KTTKS, 802.05) compared with its
parent compound (KTTKS, 563.64). Even though experimental
results have indicated that the effect of lipophilicity is more domi-
nant than the molecular weight [23, 34, 37, 38], this principle is
more applicable for compounds that lie within a narrow range of
molecular weights (~100-500) [23]. For palmitoyl-KTTKS which
is a much larger molecule, the molecular weight dependency on
permeation flux is more important. The calculated K, value for
palmitoyl-KTTKS generated based on the Potts and Guy equation is
546 x 10°® cm h™', and is some 17 times higher than the pre-
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dicted value for the parent compound, KTTKS (K, = 3.16 X
107 cm h™Y).

It is highly likely that palmitoyl-KTTKS would need to degrade
and liberate KTTKS in situ in order to become biologically active. As
such, palmitoyl-KTTKS may be considered a pro-drug, although it
contains an amide bond (-CONH-), whereas ester linkages (-COO-)
are the norm in such cases [22]. Amide bonds are considerably
more stable to chemical hydrolysis and degrade at a much slower
rate than ester bonds [39, 40]. This can be explained by carbonyl
carbon of the amide bond being less electrophilic (the -CO-NH- bond
has considerable double-bond character) than the ester bond, and
an amine is a weak leaving group. Furthermore, ester bonds can be
labile to endogenous esterases present in mammalian extrahepatic
tissues including lung and skin [41].

© 2011 The Authors
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L-ascorbic acid and peptide conjugate

Recently, a group of Korean researchers has developed a novel
compound based on KTTKS and ascorbic acid which is known as
stabilized ascorbyl pentapeptide (SAP) [42]. It was introduced as an
active anti-wrinkle agent for cosmetics use and patented by a Kor-
ean company Peptron Inc. (Daejeon, South Korea) under the name
Ascotide™ [43]. The new compound is a complex of ascorbic acid
and KTTKS linked together by a succinoyl linker [42]. It was dis-
covered that the conjugated form has a better ability to stimulate
in vitro human fibroblast cells to produce more collagen than its
parent compounds alone. When SAP was subjected to in vitro
enzymatic hydrolysis using rat skin extracts, it was found to be
stable under the experimental conditions used. Even though they
could not rule out the exact mechanism behind those observations,
the succinoyl linker was suggested to contribute to the enhanced
activity and stability of the newly synthesized compound.

Potential cutaneous metabolism of KTTKS and palmitoyl-KTTKS

As peptides, the metabolism and proteolytic activity of the skin is
potentially of significance to the transcutaneous delivery of both
KTTKS and palmitoyl-KTTKS. The skin contains enzyme systems
comparable with those found in other tissues for example the liver
[44, 45]. Endogenous enzymes such as deaminases and esterases
are present in the extracellular compartment of the stratum corne-
um, sebaceous glands and near hair follicles [21, 23], although dif-
ferent anatomical sites of the skin have different levels of enzymatic
activities [46, 47]. Aminopeptidase activity is evenly distributed in
the viable epidermis layer, and less pronounced activity is observed
in the stratum corneum and dermis [48], although skin was
reported as the weakest enzymatic barrier to the absorption of pep-
tides [49]. Among the peptidases detected in the skin are endopep-
tidases and exopeptidases which are known metabolize
polypeptides, such as collagens and elastin [46]. The physicochemi-
cal characteristics of palmitoyl-KTTKS would be expected to be of
significance in relation to metabolism in the skin, as a low rate of
penetration and high retention in the skin tissues [22, 50] would
be expected to increase the rate of conversion [47, 51]. However,
the presence of long chain FA moieties, such as hexadecyl (C16),
can influence enzyme active site docking. Overall, the net sum of
such processes would dictate the bioavailability of free KTTKS
hence its pharmacological activity.

Reported in vitro and in vivo investigations of palmitoyl-KTTKS

At the time of writing, there is a paucity of literature reports into
the topical delivery of KTTKS-based compounds. Indeed, KTTKS
and palmitoyl-KTTKS are unusual in that no supporting in vitro
data have ever been published supporting their successful transcu-
taneous delivery. This may lie in the fact that typical in-use doses
are in the order of 3 parts-per-million (ppm). In fact, even using
saturated solutions and penetration enhancers has yielded no
detectable permeation across excised skin in the author’s laborato-
ries (unpublished data). Lintner (2002), however, claims to have
confirmed penetration of the peptide into the skin but not through
it, although no data were presented [13].

Current literature reports are primarily concerned with clinical
effects. Several clinical published studies stated that topical formu-
lations containing palmitoyl-KTTKS have a capacity to reduce fine
lines, wrinkles and improve skin texture significantly which may
help to delay the ageing process in the skin [35, 52, 53]. A double-

© 2011 The Authors

blind, placebo-controlled, split face, left-right randomized trial
involving 93 subjects was carried out to assess the clinical efficacy
of palmitoyl-KTTKS, with fine lines or wrinkles improvement as the
parameter of interest [35]. Following a 2-week washout period,
subjects were supplied with two facial oil-in-water moisturisers:
one containing placebo control and the other one, 3 ppm palmi-
toyl-KTTKS. Digital images of each side of the face of subjects were
taken at baseline and at weeks 4, 8 and 12 using a Rapid Evalua-
tion of Anti-ageing Leads (REAL 1.0) facial imaging system. Image
analysis was performed quantitatively using non-commercial algo-
rithms developed by Procter & Gamble (Cincinnati, Ohio, USA).
The algorithms were used to determine the total linear depression
area around the eye (crow’s feet area) and the total linear depres-
sion area on the cheek (skin texture) of the subjects. The images
were also evaluated in a treatment blind-coded study known as a
Visual Perception Study; expert graders were asked to determine
which side of the face looked better, based on specific skin attri-
butes and graded them according to a given scale. Additionally,
subjects were also required to complete a self-assessment question-
naire in terms of their skin appearance at weeks 4, 8 and 12.
Measurement of transepidermal water loss (TEWL) was also deter-
mined to assess if the palmitoyl-KTTKS has any effect on the skin
barrier. TEWL measurement is influenced by the concentration
of water in the epidermis, cell integrity, relative humidity, diffusiv-
ity of water in the stratum corneum and thickness of the stratum
corneum [21]. Impairment of the permeability barrier function as a
result of mechanical or chemical assault to the stratum corneum
can be directly monitored using this technique [54]. An increase
in TEWL reflects impairment of the water barrier which may lead
to the skin irritation. Topical application of palmitoyl-KTTKS,
twice daily for 12 weeks was reported to reduce the total length of
fine lines and wrinkles in comparison with the placebo-treated
skin [35]. The magnitude of the effects was reported to be small,
but reached a level of significance at weeks 8 and 12 to support
the claims. For the self-assessment study, the subjects were
reported to document some skin benefits including age spot reduc-
tion, improvement of dark circle under the eyes and skin firmness.
There were no significant differences in TEWL between skin trea-
ted with palmitoyl-KTTKS formulation and vehicle (placebo-con-
trol), which the authors interpreted as suggesting palmitoyl-
KTTKS is ‘gentle’ on the skin/skin barrier. palmitoyl-KTTKS was
therefore claimed to be well tolerated and safe, with low incidence
of undesired skin irritation such as redness, dryness, burning,
stinging or itchiness commonly associated with formulations con-
taining retinoids.

In 2005, a poster describing an in vivo study was presented in
American Academy of Dermatology Annual Meeting [53]. The
study aimed to evaluate the beneficial use of a facial moisturizer
containing palmitoyl-KTTKS on the appearance of facial texture,
fine lines and wrinkles of photoaged skin. The double-blinded,
8-week, split face, randomized round robin study was conducted
on women aged 35-65 years with 60 panelists per product. Sub-
jects were asked to apply a serum-type facial moisturizer product
containing 3 ppm palmitoyl-KTTKS which also contained niacin-
amide, panthenol and vitamin E. Responses were compared with a
moisturizer base vehicle. Analysis was performed qualitatively by
expert and self-grading, as well as quantitatively using an image
analysis system based on digital facial images captured at baseline
and at 4 and 8 weeks. Palmitoyl-KTTKS treatment at a concentra-
tion of 3 ppm, twice daily was reported to improve the appearance
of bumpy facial texture, fine lines and wrinkles in the under-eye
and cheek areas of the subjects.
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Another study was carried out to evaluate histological effects of
palmitoyl-KTTKS onto the skin components [55]. This 4 months,
double-blind study was sponsored by Sederma in which 49 women
were directed to apply either palmitoyl-KTTKS (n = 22) or vehicle
(n = 27) twice daily to the face. The end results showed that palmi-
toyl-KTTKS exhibited significant improvement in skin roughness,
wrinkle volume and wrinkle depth compared with the vehicle. His-
tological evaluation showed that palmitoyl-KTTKS was associated
with increment in elastin fibber density, thickness and improved
regulation of collagen type IV at the dermal-epidermal junction.

A paper summarising several clinical studies conducted specifi-
cally for palmitoyl-KTTKS was published in 2002 [13]. The author
briefly described the visible benefits of the palmitoyl-KTTKS based
on in vivo studies conducted by his group: two studies comparing
the palmitoyl-KTTKS to vehicle sample, one versus vitamin C and
one versus retinol. However, only palmitoyl-KTTKS and retinol
demonstrated a desirable effect — wrinkle reduction. The study con-
ducted preferably comparing between palmitoyl-KTTKS and retinol
in the same vehicle for efficacy evaluation. The topical use of reti-
noids has been studied and documented, both histologically and
clinically, more than any other compound in dermatology [4]. Top-
ical retinoids treatment particularly retinol can repair photoaged
dermal matrix; this is regarded as the ‘gold standard’ against which
repair agents are judged [2, 56]. Sixteen volunteers were subjected
to either creams containing 3 ppm of palmitoyl-KTTKS or 700 ppm
retinol for durations of 2—4 months [13]. Results were analysed
based on digital image analysis, visual scoring by a dermatologist
and echography. Both formulations were reported producing simi-
lar effects by reducing the volume of wrinkle depth and length
according to the quantitative image analysis. The dermatologist
graded analysis showed progressive improvement of the skin
appearance. Furthermore, the echography results showed an
increase in the skin thickness of about 9% after 4 months of both
treatments. However, the effect exhibited by the palmitoyl-KTTKS
only can be seen after 2 months of treatment. DNA array studies
showed that both KTTKS and retinol-activated genes associated
with wound healing mechanisms [55, 57]. The lipophilic peptide
was reported able to stimulate about 16 genes in skin cells, which
are only a fraction of the number of genes that retinol favourably
stimulates in the skin, but it does not elicit the pro-inflammatory
actions associated with retinol [57]. The author also considered
toxicological aspects of the palmitoyl-KTTKS — studies including
oral and ocular irritation, skin sensitization and mutagenicity were
conducted on palmitoyl-KTTKS and its various solutions [13]. The
results showed that this compound is safe for cosmetic purposes
even at a concentration of about 30 times (100 ppm) higher than
its recommended concentration. The recommended concentration
of palmitoyl-KTTKS for cosmetic purposes is between 2 and 8 ppm
(2-8 mg kg™!) [7]. Based on a previous investigation, palmitoyl-
KTTKS was claimed to be capable producing the observed benefits
at such low concentrations, suggesting that palmitoyl-KTTKS is a
very potent compound [35]. The rationale behind this suggestion is
based on two factors: (i) several previous studies reported effective
clinical benefits can be observed at concentrations as low as 3 ppm
(3 mg kg™'); and (ii) economic practicability as palmitoyl-KTTKS is
quite costly. This factor has a significance impact for commercial
market as the price of an active ingredient affects how much of it
can be included into a final formulation.

A study was conducted to assess clinical efficacy of a cosmetic
moisturizer regimen versus a prescription regimen containing
0.02% tretinoin in reducing facial fine lines and wrinkles [58]. Skin
tolerability towards the product regimens was also investigated. The

cosmetic regimen contained combinations of niacinamide, palmi-
toyl-lysine-threonine (abbreviated as Palmitoyl-KT), palmitoyl-
KTTKS and retinyl ester. An 8-week, randomized, parallel-group
facial appearance study was conducted on 196 women aged
between 40 and 65 years. Subjects must exhibited Fitzpatrick skin
types I to Il and moderately severe periorbital wrinkles on both sides
of their face to be eligible for this study. Subjects were randomly
assigned to either cosmetic regimen or tretinoin regimen. Prior to
the study start, 25 subjects were self-selected on each product regi-
men agreed to continue treatments for an additional 16 weeks
(cohort, 24 weeks study). After 2 weeks of washout period, subjects
on cosmetic regimen (n = 99) were instructed to apply a sun protec-
tion factor (SPF) 30 moisturizing cream containing 5% niacinamide,
peptides and antioxidants, a moisturizing cream containing niacin-
amide and peptides and a targeted wrinkle product containing nia-
cinamide, peptides and 0.3% retinyl propionate. For prescription
regimen, subjects (n = 97) were asked to apply a moisturizing SPF
30 sunscreen and 0.02% tretinoin. Digital images of subject’s faces
were captured using the REAL 3.0 system taken at baseline and at
weeks 8 and 24 (cohort study). Images of the infraorbital/crow’s feet
areas were also captured with VISIA CR imaging system. Improve-
ment in the appearance of fine lines and wrinkles around the eyes
were evaluated by both expert-grading and image analysis of the
digital images. Product tolerance was determined via clinical grad-
ing of erythema and dryness, skin barrier integrity (TEWL) and
changes in the level of protein analytes of stratum corneum. Addition-
ally, subjects were also required to complete a self-assessment ques-
tionnaire by evaluating certain skin attributes such as fine lines and
wrinkles around the eyes, age spots and skin firmness at designed
time points. The study concluded that the cosmetic regimen signifi-
cantly improved wrinkle appearance after 8 weeks of treatment rela-
tive to the tretinoin regimen, with comparable benefits after
24 weeks. Furthermore, the cosmetic regimen had better tolerability
than tretinoin through 8 weeks of the product tolerance study.

In the first work published by the Katayama group regarding
the benefits of KTTKS, subconfluent cells were treated with the pep-
tide at 0.5, 5, 15 and 50 uM concentrations [16]. The group
reported that the stimulatory effect of ECM production could be
observed at a dose as low as 0.5 uM (0.3 ppm). However, the opti-
mal and more pronounce effect could only be achieved at higher
doses of >5 uM (2.8 ppm). Even though the concentration recom-
mended by the manufacturer for palmitoyl-KTTKS is within the
range of the earlier reported concentrations for KTTKS, the
enhanced ECM production effect was obtained based on the in vitro
work. The peptide was applied directly on to the monolayer cells
with no other factors such as permeation or metabolism barriers
were taken into consideration.

Most of the reported clinical benefits were obtained by using a
formulation containing palmitoyl-KTTKS and other active ingredi-
ents (e.g. niacinamide and vitamin E), or at least in the presence of
a basic moisturizer. For example, combination or addition of cos-
metic ingredients in a moisturizing vehicle is claimed to magnify
the enhance benefits produced by the main ingredients and pro-
foundly improve skin appearance [14, 58]. Previous in vivo pub-
lished studies did not differentiate the role of palmitoyl-KTTKS
specifically with other ingredients presence in the formulation
except for the study carried out by Robinson et al. [35]. Thus, the
observed benefits cannot be claimed as solely produced by the
conjugated peptide as the effect could be due to or partially contrib-
uted by other ingredients. Even though there are several published
reports regarding the clinical benefits of palmitoyl-KTTKS from
multiple independent in vitro or in vivo investigations, only two
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studies were found to describe their study design and results evalu-
ation in detailed — Robinson et al. and Fu et al. [35, 58].

Conclusions

Peptides are not new to the world of cosmetics, but their role as
cellular messengers is a more recent concept. KTTKS is a small,
highly specific biologically active peptide which has been reported
to produce stimulation of elastin and collagens, specifically types I
and III. However, it is very chemical nature places severe restric-
tions on its deliverability across skin. From a physicochemical
standpoint it is clear that KTTKS and palmitoyl-KTTKS possess
unfavourable properties for significant skin permeation. The
reported beneficial clinical effects are not readily explained, but
may be related to reservoir build up following many re-applica-
tions. One current question concerns how it may be possible to sur-

mount the formidable barrier to the permeation of such
compounds and thereby enhance the concentrations delivered to
the target site in the dermis. Currently, there is a great deal of
research taking place into physical enhancement techniques such
as iontophoresis, electroporation and microneedle technology [24,
59, 60]. However, the damage potentially inflicted to skin by such
techniques seems anathema to cosmetic application. Perhaps, the
future lies in the new generation penetration enhancement meth-
odologies involving drug-loaded carriers and nanotechnology.
There is growing evidence to suggest that loaded nanoparticles are
capable of high levels of skin penetration enhancement [61-63].
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