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Skin dryness aesthetical problem
Dry skin is a common problem that influences on the perception of personal wellbeing and
health. In fact, skin hydration is vital for skin health. A well-moisturised skin is able to cope with
the constant external environmental aggressions of the modern world. Hydrated skin is
supple, flexible, soft, and smooth, and appears youthful and healthy [1, 2].

Water is essential for the normal
functioning of the skin, especially for the
Stratum Corneum (SC) [3]. This stratum is a
selectively
permeable,
heterogeneous,
composite outer layer of the skin that
protects
it
against
dryness
and
environmental challenges [4].
The stratum corneum provides a highly
efficient barrier against water loss. Water
retention within the tissue is essential to
maintain its flexibility and to provide the
necessary hydration required for the
normal function of the stratum corneum.
However, due to its proximity to the
environment, this barrier is always under a
major desiccation stress and continually
prone to damage by external forces. A
failure of the barrier together with tissue
water loss translates into major perceivable
symptoms such as dry flaky, scaly skin, or
xerosis [5]. In fact, a low water content of
the SC is the prime factor in causing the
condition commonly known as “dry skin”.

Fig. 1. The Three Graces were an example of health
and beauty.

Everyday conditions like cold, wind, air conditioning, the use of soap, and
other factors are the main cause of hydration disruption in the SC with the
consequent loss of skin’s normal structure. If preventive measures are not
taken into account and in absence of an appropriate treatment, these
aggressions can cause dramatic changes in skin appearance, that is, noticeable
scaling, itching, damaged skin, and a general unhealthy look.
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Stratum corneum hydration is crucial for normal function
The skin is the body’s largest organ. It is crucial for life, serving to protect us against the
environment and to regulate water exchange. The skin is comprised of the functional layers:
epidermis, dermis, and subcutaneous fat [1]. Epidermis is the outermost layer of skin and it is
comprised of four layers: basal, spinous, granular and the outermost cornified layer or SC [5].
The basal layer is composed of keratinocytes involved in the synthesis of the keratin layer,
which protects skin and the underlying tissue from environmental damage. Above the basal
layer, there are several layers of spinous cells followed by the granular layer and SC.
Epidermal cells differentiate during their
migration from the basal layer to the SC
(cornification process). During their travel,
keratinocytes suffer biochemical changes to
evolve to corneocytes, which are non-viable
anucleated cells that form the SC.

skin waterproof barrier, as its removal
implies a free loss of water. It seems that
the main reason for this layer to impede
free
water
diffusion
falls
on
the
combination
of
the
hydrophobic
environment found in the extracellular
domains of the lower SC and the
hydrophilic nature of the corneocytes. The
extracellular environment is rich in lipids
and enzymes, and corneocytes keep keratin
and Natural Moisturising Factor (NMF)
inside. This composite and organisation
allows only a limited water vapour amount
to pass through, permitting perspiration
and cooling, which prevents at the same
time a higher water loss [8].

Corneocytes are held together by cohesive
forces that are progressively degraded by
specific hydrolytic enzymes to allow cell
shedding at the surface of the skin, a
process known as desquamation [5]. The
normal desquamation of corneocytes in the
SC is essential, not only to keep skin’s
healthy appearance but to guarantee a
good protection against physical, chemical
and biological aggressions to the skin.

Even though the mechanisms that control
water transport through the epidermis are
not fully understood, it seems clear that
there is a continuous exchange of water
among the SC, the underlying epidermal
living cells and the atmosphere.

In dry flaky skin conditions, these linkages
are
not
efficiently
degraded
and
corneocytes accumulate on the skin’s
surface layer [6]. Moreover, with aging, the
turnover rate of the SC cells decreases and
skin becomes rough and dry [7].
The SC is the most external layer and its
hydration is crucial to determine skin
aspect,
metabolism,
mechanical
properties and barrier function.

Intercorneocyte
linkages

NMF

Intercellular
lamellar lipids

Corneocyte

Although it is a thin layer (15 μm), SC
appears to be the only constituent of the
Fig. 2. Stratum corneum’s structure.

Aged skin and several skin diseases have low water content in the SC in common.
Hydration of SC depends on external factors (humidity) and internal factors like
NMF or the activity of proteins involved in water transport through tissue layers.
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Aquaporins are involved in water transport
Aquaporins are a family of small hydrophobic, integral membrane proteins that act as
water selective pores, facilitating water transport along a favourable osmotic gradient [9].
In mammals, aquaporin family comprises 13 homologous proteins. One type of these proteins
acts like a water channel, conducting water molecules in and out of the cell. However, another
type of aquaporins, known as aquaglyceroporins, not only are able of transporting water
molecules but also glycerol and exceptionally other small solutes [9]. Glycerol contributes to
skin moisturising thanks to its high degree of hydroxyl groups that bind and retain water.

A wide range of aquaporins is found in
mammalian skin. The Aquaporin 3 (AQP3)
protein
is
the
most
abundant
aquaglyceroporin in the human epidermis.
AQP3 is responsible for facilitating the
transport through membranes of water,
glycerol and other small solutes (such as
urea) [9]. In fact, AQP3 is considered the
primarily responsible for facilitating the
transepidermal permeability to protect the
stratum corneum from desiccation due to
water loss.
The AQP3 protein appears to occur in
basal cells and the differentiation process
could induce AQP3 translocation to the
plasma membrane [9].

Fig. 3. Aquaporin channel transporting water.

It is suggested that AQP3 could play a role in water transport within the viable
layers of epidermal skin. It was also reported that, as expected, this
aquaglyceroporin was not detected in the highly impermeable SC [9].
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Skin epidermis is exposed to a sharp water gradient
Usually, the water content varies through the tissue, so the content in the basal layers and
suprabasal living cells is 75%, while that in the SC lows down to 10-15 %. The skin epidermis is
constitutively exposed to sharp gradients such as the steep water content gradient across
the SC towards the stratum granulosum, whereas deeper in the epidermis water content was
constant. Similarly, skin surface pH is around 5 increasing to 7 below the SC [9].
The sharp decrease in keratinocytes
AQP3 expression immediately below the
SC, as well as the inhibition of its water
channel function at acid pH, are both in
agreement with the function of water loss
prevention of the SC. It is suggested that
AQP3 provides a short circuit for water
between the base of the epidermis and the
SC, in order to maintain constant water
content and to prevent the formation of a
continuous water gradient across the
epidermis below the SC [9].
The molecular mechanisms by which AQP3
acts have not been fully elucidated. It is
believed that AQP3 would be involved in
the mediation of the permeability in the SC
where water transport occurs through an
osmotic gradient. It is thought that AQP3 is
involved
in
the
transepidermal
permeability improvement to protect the
SC from the skin surface water evaporation.

Fig. 4. Aquaporin translocation through the epidermis.

AQP3-null mice present impaired barrier
function and SC hydration [10], thus
revealing a critical role of AQP3 in
epidermis hydration. There is evidence that
the epidermis undergoes a reduction in
the expression of AQP3 as a function of
age and exposure to solar radiation [11,
12]. In addition, UV exposure downregulates AQP3 expression in keratinocytes
[13], which explains the dryness of
photoaged skin.

Another theory is that AQP3 may play a role
in dispersing water gradients across the
epidermal
keratinocyte
layer.
The
discontinuity in water content between the
stratum granulosum and the SC allows the
existence of highly organised lipid-water
lamellar
structures
located
between
corneocytes,
which
are
crucial
for
maintaining the skin permeability barrier.

It seems that it has been established a relation between AQP3 and aging
and photoaging of the skin. Modulating the expression of AQP3 water
channels through cosmetic actives may be a good strategy to fight
against loss of skin hydration due to aging and UV exposure.
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Inner hydration to rejuvenate the skin
DIFFUPORINE™ is a new hexapeptide of natural amino acids for skin moisturising
enhancement cosmetic formulations, which was identified by a combinatorial chemistry
approach from a library of 49,521,980 hexapeptides.

The combinatorial peptide library was
screened using a reporter gene assay,
monitoring luminescence released by cells
that express the luciferase-AQP3 promoter
construct when in contact with the
luciferase substrate.

which confirmed it as a key moisturising
ingredient
for
hydration
enhancing
cosmetic formulations.
Additionally, it presented in vitro protecting
effects
versus
dryness
conditions,
protecting cells from dehydration adverse
consequences and helping cells to recover
once
exposed
to
the
stress.
DIFFUPORINE™ clearly increased cell
viability applied before and after
desiccation.

The hexapeptide that showed better results
proved to increase human AQP3 mRNA
levels
thus
would
enhance
AQP3
expression in the skin. As a result, it was
hypothesised that DIFFUPORINE™ could
improve the water flux from the basal layer
to the SC providing hydration to the skin.

The peptide is also a potent anti-aging
cosmetic
active
ingredient
as
it
demonstrated in vitro, where proved to
possess stimulatory effects on human
keratinocyte cell proliferation and type I
collagen synthesis on human dermal
fibroblast.

DIFFUPORINE™ proved to duplicate
AQP3 promoter activity and showed to be
effective at inducing the transcription of
human AQP3, in vitro. Moreover, the
peptide demonstrated its moisturising
boosting properties in an in vivo study,

DIFFUPORINE™ presents excellent moisturising and rejuvenating
properties, which make it an integral anti-aging solution, both by
enhancing SC water content and providing compactness, firmness,
strength, protection and resilience to the skin.
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In vitro efficacy
STIMULATION OF THE HUMAN AQP3 PROMOTER ACTIVITY
The activation of the AQP3 promoter by the hexapeptide DIFFUPORINE™ was studied in a
luciferase reporter gene assay. The stably transfected keratinocyte cell line KER-AQP3-44, which
contains the luciferase gene under the regulatory control of the human AQP3 promoter, was
used for this assay.
Luminescence values were normalised
regarding the cell number for each
experiment, determined by a colorimetric
assay with crystal violet staining. The
activation
of
AQP3
promoter
was
determined from the luciferase activity
values per cell after normalisation
regarding negative control (non-treated
cells). Cells were stimulated with EGF as
positive control.

Cells were incubated with the different
treatments for 16 to 24 h and subsequently
treated with the Steady-Go® Luciferase
Assay System reagent, following the
manufacturer's protocol. The luminescent
signal produced by the reaction between
luciferase and its substrate was quantified
using a plate luminometre.

Fig. 5. Stimulation of the human AQP3 promoter activity.

DIFFUPORINE™ increased the activity
of human AQP3 promoter by 62% and
96% respect to non-treated cells at 0.5
and 1 mg/mL respectively. Moreover,
the peptide showed a dose-dependent
behaviour.

DIFFUPORINE™
proved
to
duplicate
AQP3
promoter
activity respect to non-treated
cells at 1 mg/mL.
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QUANTIFICATION OF AQP3 mRNA LEVELS
The transcriptional activity of DIFFUPORINE™ was measured in primary human keratinocytes
of adult skin by quantitative Real Time PCR.
The activity of DIFFUPORINE™ was
determined at the transcriptional level, by
measuring its ability to promote the
expression of AQP3 mRNA in primary
human keratinocytes.

The resulting cDNA obtained from the
reverse transcription of the cells lysates was
analysed by RT-PCR. All values were
normalised regarding control cells (nontreated cells) and are referred as AQP3
mRNA relative levels. Cells treated with EGF
were used as positive control.

The amount of mRNA was determined by
RT-PCR after incubation for 16 to 24 h of
primary human keratinocyte cell line with
the different treatments. Then, cells were
lysed and RNA was extracted.

Fig. 6. Quantification of AQP3 mRNA levels.

DIFFUPORINE™
increased
the
transcription of human AQP3 by 100%
and 131% respect to non-treated cells,
at 0.1 mg/mL and 0.5 mg/mL.

DIFFUPORINE™ showed to
be effective at inducing the
transcription of human AQP3.
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HYDRATION PROTECTING ASSAY ON HUMAN KERATINOCYTES
The protective effect of the pre-treatment of DIFFUPORINE™ on human keratinocytes
exposed to a severe dehydration stress was evaluated.
Medium
with
scalar
dilutions
of
DIFFUPORINE™ was added in human
keratinocytes. Cells treated with medium
alone were used as controls. After 24 h of
incubation, the medium was aspirated. The
plates were introduced in a desiccator for
40 minutes. One plate was kept at room
temperature as a control. Then, DMEM
without FBS was added again to the cells

that were left to recover for 24 h under
standard culture conditions.
Absorbance comparison of cells exposed
to dehydration stress and control cells
maintained at room temperature was used
to evaluate the percentage of cell viability.
Neutral Red Uptake method was utilised
to measure the optical density at 540 nm
with a spectrophotometer.

Fig. 7. Increase of cell viability induced by DIFFUPORINE™ in cells exposed to dehydration with respect to control.

Dehydrated cells pre-treated with
DIFFUPORINE™ showed a 25.6% and
34.9% increased viability with respect
to non-treated exposed cells.

DIFFUPORINE™ demonstrated
a
clear
positive
effect
protecting human keratinocytes
from dehydration.
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Photographs of the cells were taken before being exposed to desiccation (A0) and after the
recovery period (A24). Their viability was determined by the Neutral Red Uptake (NRU) method.
The areas of several cells were measured in each photograph to calculate the difference in cell
size before and after the dehydration stress.

Fig. 8. Mean cell areas of DIFFUPORINE™ pre-treated keratinocytes before (A0) and after dehydration stress (A24).

Control (A0)

DIFFUPORINE™ (0.05 mg/mL, A0)

DIFFUPORINE™ (0.1 mg/mL, A0)

Control (A24)

DIFFUPORINE™ (0.05 mg/mL, A24)

DIFFUPORINE™ (0.1 mg/mL, A24)

Fig. 9. Pictures of the different treated cells before (A0) and after dehydration stress (A24).

Keratinocytes
pre-treated
with
DIFFUPORINE™ maintained the same
cell areas than before the stress.

DIFFUPORINE™ showed to have a
significant effect on dehydration
protection on human keratinocytes.
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DEHYDRATION RECOVERING ASSAY ON HUMAN KERATINOCYTES
DIFFUPORINE™ was applied to human keratinocytes previously exposed to severe
desiccation to evaluate its recovering effect on these cells.
After two plates of keratinocytes were
incubated 24 h with medium at 37ºC,
pictures were taken. Subsequently, the
medium was aspirated and one of the
plates was introduced into the desiccator 50
min while the other was maintained at
room temperature. After this period,
medium or medium with 0.05 or 0.1 mg/mL
DIFFUPORINE™ was added and plates were
left in the incubator during 24 h more.

New photographs of the cells were taken
and their viability was determined by the
Neutral Red Uptake method, measuring
the optical density at 540 nm with a
spectrophotometer. Cells treated with
medium were used as controls.
Absorbance comparison between cells
exposed to dehydration and control cells
maintained at room temperature was used
to evaluate the percentage of cell viability.

Fig. 10. Increase of cell viability induced by DIFFUPORINE™ in cells previously exposed to dehydration versus control.

Being
applied
on
previously
desiccation-exposed
keratinocytes,
DIFFUPORINE™ showed to increase
cell viability by 16.8% and 22.1% with
respect to non-treated exposed cells.

DIFFUPORINE™
demonstrated
to help human keratinocytes
exposed
to
desiccation
to
recuperate, raising cell viability.
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The areas of several cells were measured in each photograph to calculate the difference in cell size
between the control cells (before and after the stress) and the keratinocytes treated with
DIFFUPORINE™ after being exposed to dehydration. After the exposure to dehydration (A24), cell
areas tend to diminish compared to their initial sizes (A0).

Fig. 11. Mean cell areas of keratinocytes exposed to dehydration stress and treated with DIFFUPORINE™ afterwards.

Control (A0)

DIFFUPORINE™ (0.05 mg/mL, A0)

DIFFUPORINE™ (0.1 mg/mL, A0)

Control (A24)

DIFFUPORINE™ (0.05 mg/mL, A24)

DIFFUPORINE™ (0.1 mg/mL, A24)

Fig. 12. Images before (A0) and after the recovery period following the dehydration stress (A24).

DIFFUPORINE™ significantly
protected keratinocytes from
dehydration, helping them to
recover from desiccation and
maintain the same cell area
as before the stress.

The images before desiccation (A0) and after
the post-dehydration recovery period (A24)
clearly showed the recovering efficacy of
DIFFUPORINE™. The areas of cells treated
with DIFFUPORINE™ maintained the same
level as before the stress, compared to
23% decrease in non-treated control cells.
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HUMAN KERATINOCYTE CELL PROLIFERATION ASSAY
A cell proliferation assay was performed in order to evaluate the effect of DIFFUPORINE™ on
cell growth. In vitro stimulatory effect on keratinocyte proliferation provides information about
potential benefits on the skin, such as improvement of compactness and firmness.

Cell proliferation of human keratinocytes
was evaluated by a fluorescence-based cell
viability
method.
Live
cells
were
distinguished
by
the
presence
of
intracellular esterase activity, determined
by the enzymatic conversion of the nonfluorescent cell-permeant calcein-AM to the
intensely fluorescent calcein, which is
retained within cells and imparts an intense
green fluorescence.

Fluorescence was read at λexc=485 nm and
λem=530 nm in a microtiter plate reader
(Genios, Tecan). Non-treated cells (only
medium) were used as control.

Fig. 13. Increase of cell proliferation induced by DIFFUPORINE™ at different concentrations after a 24 hour-exposure
respect to non-treated cells.

The
results
showed
that
DIFFUPORINE™
significantly
stimulated human keratinocyte cell
growth at the tested concentrations
respect to the negative control.

DIFFUPORINE™ proved to have
significant stimulatory effects on
human keratinocyte cell proliferation
in a dose-dependent manner.
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EVALUATION OF TYPE I COLLAGEN SYNTHESIS INDUCTION ON HUMAN DERMAL FIBROBLASTS
Type I collagen synthesis induction by DIFFUPORINE™ was evaluated by an Enzyme-Linked
Immunosorbent Asssay (ELISA). Quantification of collagen synthesis induction on human
dermal fibroblasts (HDFa) provides information about potential anti-aging effects on the skin as
type I collagen is responsible for the strength and resiliency of this tissue.
Type I collagen was attached to the bottom
of a plate well and it was detected with a
type I anti-collagen antibody. A labelled
secondary
antibody
recognised
this
antibody. Then, the amount of labelled
secondary antibody bound to the matrix
was measured, using a colorimetric
substrate. Peroxidase labelled to the
secondary
antibody
converted
the
colourless substrate to a coloured product.
This colour was measured and it is
proportional to the quantity of type I
collagen present in the sample.

Non-treated cells were used as controls.
The absorbance was read at a wavelength
of 490 nm in a microtiter plate reader
(Genios, Tecan). Collagen concentration
was determined and the percentage of
induction respect to control was calculated
(statistical software: GraphPad PRISM®).

Fig. 14. Increase of type I collagen synthesis induced by DIFFUPORINE™ at different concentrations respect to
non- treated cells.

DIFFUPORINE™
presented
a
significantly type I collagen
synthesis induction in human
dermal fibroblasts cell cultures at
the tested concentrations respect
to the negative control.

DIFFUPORINE™ showed a significant
effect on the induction of type I
collagen synthesis in HDFa at 1mg/mL,
reaching an increase of almost 61%
respect to non-treated cells.
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In vivo efficacy
INSTRUMENTAL EVALUATION OF SKIN HYDRATION
The aim of this study was to evaluate the efficacy of a cream containing 2% DIFFUPORINE™
SOLUTION in improving cutaneous hydration by corneometry.
A panel of 20 female volunteers with dry
skin (aged from 30 to 50) applied the cream
containing 2% DIFFUPORINE™ SOLUTION
on the left half-face and a placebo cream on
the right half-face for 56 days twice a day.

The values recorded at each control time
were compared by means of Repeated
Measures Analysis of Variance and
Bonferroni Test. The differences between
the data groups were considered significant
when the probability p was ≤ 0.05.

Measures of skin hydration were performed
with a Corneometer® CM 825 at baseline, 2
and 8 hours after the first application and at
the end of the treatment.

Fig. 15. Cutaneous hydration improvement respect to mean basal values in areas applying a cream containing
DIFFUPORINE™ or a placebo cream.

DIFFUPORINE™
provided
immediate and long-lasting
skin hydration, improving the
amount of water content in
the SC by 107.6% and 130.9%
respect to a placebo cream.

A significant increase in the mean basal
values of skin hydration was detected after
2 and 8 hours, and 56 days in the areas that
applied
the
cream
containing
2%
DIFFUPORINE™ SOLUTION, enhancing
skin moisturisation by 37.6%, 107.6% and
130.9% respect to the placebo cream.
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Cosmetic properties
DIFFUPORINE™:
activates AQP3 promoter and effectively induces the transcription of human AQP3, as
demonstrated in vitro showing to posses AQP3 expression boosting properties which can
be translated in an improvement in the water flux from the basal layer of the epidermis to
the stratum corneum.
has a significant effect on protection against dehydration on human keratinocytes, as
showed in vitro where cell areas of cultures pre-treated with the peptide were maintained
at the same level than before being exposed to dehydration stress.
shows to help human keratinocytes to recover from cellular dehydration, increasing
cell viability after being exposed to dehydration stress. In vitro, cells treated with the
peptide after dehydration recovered the area level than before being exposed.
presents stimulatory effects on human keratinocytes cell proliferation providing
compactness and firmness to the skin.
induces type I collagen synthesis in human dermal fibroblasts enhancing skin strength
and resiliency.
immediately enhances skin moisturisation which endures in time as it proved in vivo
where increased the amount of water content in the stratum corneum by 107.6% and
130.9% respect to a placebo cream.

Cosmetic applications
DIFFUPORINE™ can be incorporated in formulations where an immediate and enduring
moisturising effect is needed such as after sun treatments, creams and treatments which
specially target dry skin or night creams.
Thanks to its cell proliferation stimulatory effect and type I collagen synthesis induction it is
also suitable for serums or treatments which make it suitable for cosmetic products that
specially target dry skins in order to get a healthier and younger appearance.

17

Technical data
INCI NAME OF THE ACTIVE INGREDIENT
Active ingredient

INCI name

DIFFUPORINE™

Acetyl Hexapeptide-37

PRESENTATION AND PRESERVATIVE
Solution containing 0.05% of active ingredient.
Code

Product presentation

Preservative

PD190

DIFFUPORINE™ SOLUTION

Preservative free

Application data
PROCESSING
DIFFUPORINE™ SOLUTION can be formulated in the aqueous phase in the final step of the
manufacturing process. In case of preparing an emulsion, it should be added once the emulsion
is formed. In both cases, it should always be provided that the temperature is below 40ºC.
DIFFUPORINE™ is stable over a pH range from 3.0 to 8.0.

INCOMPATIBILITIES
Not expected.

SOLUBILITY
Soluble in water, ethanol and glycols (e.g. glycerine, butylene glycol).

DOSAGE
A dosage of 2% of DIFFUPORINE™ SOLUTION is recommended in final cosmetic formulations.
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Note: Graphs and photographs of efficacy tests are available for customer use provided that the final product contains the same
concentration of active as the formulations in our tests. Customers must request written permission for use of the graphic
material and/or ingredient tradenames to Lipotec. Customers are responsible for compliance with local and international
advertising regulations.
Lipotec uses the TM symbol for EU trademark applications. The symbol is changed to ® when the EU trademark is granted. The
specific situation of the trademark in each country may vary and we recommend that you contact us for updated information.
Disclaimer:
While the claims and supporting data provided in this publication are believed to be reliable and they are presented free and for
guidance only, there are no warranties of any kind. All expressed and implied warranties are disclaimed. The recipient is solely
responsible for ensuring that products marketed to consumers comply with all relevant laws and regulations. LIPOTEC is the
exclusive holder of the both industrial and intellectual property rights identified herein. Recipient of this publication agrees to
indemnify and hold harmless each entity of the LIPOTEC organization for any and all regulatory action arising from recipient’s
use of any claims or information in this publication, including, but not limited to, use in advertising and finished product label
claims, and not present this publication as evidence of finished product claim substantiation to any regulatory authority.
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