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Abstract:

Collagen is produced in the fibroblasts of the human dermis
and is essential for healthy, firm skin. Both the quality and
quantity of collagen decrease in ageing skin, often due to the
effect of external factors such as exposure to the sun,
especially UVA radiation. The result of this cross-linking is that
the skin loses its elasticity. In the past, topical application of
soluble animal collagen was used in an attempt to stimulate the
formation of collagen in the skin. However, these tests were
unsuccessful, as collagen cannot penetrate the epidermis.
Vitamin C is known to stimulate collagen formation but has the
disadvantage of being unstable in cosmetic formulations. This
article discusses an encapsulated stabilised form of vitamin C*
which not only stimulates collagen production in the human
fibroblasts in vitro but also stimulates cell regeneration without

accelerated cell death.

Introduction

Collagen plays a pivotal role in maintaining skin structure
and accounts for as much as 70% of the weight of the skin.
The formulation of new collagen fibres is therefore essential
for healthy, firm skin!. Type | and type lll collagen are
present in the highest levels in the skin, forming 80% and
15% of the total collagen present respectivelyl. Type IV
collagen is the main component of the lamina densa, a 50nm
thick layer in the basement membrane zone!® and type VI
collagen is a major constituent of the anchoring fibrils
beneath the lamina densa, at the dermal-epidermal
interface!®. Type V collagen is found pericellularly. During
ageing, fibroblasts in the skin do not produce so much
collagen. It has been generally believed that type lll collagen
is found in much higher levels in young skin but decreases
significantly with age?0. Its role has been correlated with
tissue extensibility>2!, being replaced in the first instance by
type | collagen which forms a more rigid structure. However
there has been more recent research to suggest that this

relationship is not so clear cut®. During ageing the levels of
collagen not only decrease!® but the collagen fibres begin to
cross-link!#15 and this is often due to the effect of external
factors such as exposure to the sun, especially UVA
radiation®. The result of this cross-inking is that the skin
loses its elasticity. In ageing skin a higher proportion of
cross-linked insoluble collagen is found, while younger,
healthy, taut skin possesses a higher level of fresh-formed,
soluble collagen. In the past, topical application of soluble
animal collagen was used in an attempt to stimulate the
formation of collagen in the skin. However these tests were
unsuccessful as collagen cannot penetrate the epidermis.
Collagen is formed in the skin by certain fibroblast cells. It is
possible to stimulate the proliferation of these fibroblasts
and to induce them over a limited time to produce more
collagen. This procedure is usually not feasible over a long
period because the proliferation of fibroblast cells is closely
linked with accelerated cell death.

This article discusses an encapsulated active* which not only
stimulates collagen production in the human fibroblasts in
vitro, but also stimulates cell regeneration without accelerated
cell death.

Test Product description

The test product is a nano-encapsulated, stabilized, vitamin
C-derivative* (magnesium-L-ascorbyl phosphate) in the form
of a so-called “intracellular-booster”, which is a serum
containing a high concentration of clearly defined carriers or
delivery capsules. The nano-capsules have an average
particle size of 150-200 nm, enabling them to reach the
appropriate layers of the dermis, which allows them to
interact in the process of collagen synthesis. As a strong
reducing agent it acts on the redox-systems for the
hydroxylation of proline to hydroxyproline, a characteristic
part of the collagen structure.
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During product development particular attention was paid to
the following parameters of the encapsulation system used for
the encapsulated vitamin C derivative™ :

e stability
° size
e active surface area

e concentration of carriers

Stability of the encapsulation system

The nano-capsules are very stable, even under extreme
conditions including ultra-centrifugation for 5 minutes at
20,000g. They are stable in most product types, except oils
and those containing high levels of surfactants such as bath
and shower products, liquid soaps and hair shampoos. The
stability and the presence of the encapsulated vitamin C
derivative™ in the finished preparation can be checked by
measuring the Zeta-potential.

Efficacy of an encapsulated vitamin C
derivative* as a collagen stimulator

Methods

MTT cell stimulation assay

Measurement of cell proliferation was made using the MTT
method?®. MTT is now a widely accepted method which uses the
reduction of tetrazolium salts in the evaluation of both cell
proliferation and cell death2®. The yellow tetrazolium MTT (344,5-
dimethylthiazolyl-2)}-2, 5-diphenyltetrazolium bromide) is reduced
by metabolically active cells, partly by the action of dehydrogenase
enzymes to generate reducing equivalents of NADH and NADHP.
The resulting intracellular formazan can be solubilized and
quantified by spectroscopic means. After elimination of the culture
medium and dissolution of the crystals by DMSO (dimethyl
sulphoxide), the optical density was read at 570 nm; this reading
being directly proportional to the number of live cells present.

Collagen stimulation

An in vitro cell culture test was carried out to demonstrate the
activity of the encapsulated vitamin C derivative™ on the growth of
human fibroblasts. Cells were cultivated in 10% foetal calf serum.
Test cultures were prepared with a solution of unencapsulated and

encapsulated™ vitamin C derivatives and benchmark or control
cultures were prepared with empty liposomes.

Collagen synthesis was measured in a culture of human
fibroblasts by an immuno-fluorescence technique using
monoclonal anti-collagen antibodies. The anti-collagen
antibodies were obtained by the reaction of mice splenocytes
immunized with human collagen cells. An anti-collagen
antibody is tagged with a fluorescent marker and is used to
locate the sites of collagen synthesis. The test results were
evaluated by comparing the reference without active matter
with the fluorescence in the cells treated with the

encapsulated vitamin C derivative* and by measuring the
intensity of fluorescence.

Fig. 1 Control : Culture of human fibroblasts developed with
monoclonal fluorescent anti-collagen antibodies

Fig. 2 Test : Culture of human fibroblasts treated with 4%
of the encapsulated vitamin C derivative*, developed with
monoclonal fluorescent anti-collagen antibodies
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Results

Cell stimulation

The results of the MTT test confirmed that the test product
was not cytotoxic and stimulated cell growth compared to
the control.
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Fig. 3. : An encapsulated vitamin C derivative* : Cell
culture tests on human fibroblasts.

Collagen stimulation
Cells treated with the encapsulated vitamin C derivative*
showed an increase in fluorescence and thus collagen

production (Fig. 2) compared to the control (Fig. 1).

The fluorescence method shows a multiplication by factor 24
of the optical density of the cell culture caused by collagen
synthesis of a culture of 103 cells/ml in 48 hours.

The results of the fluorescent measurement are shown in
graphic form in Fig 3. Magnesium ascorbyl phosphate (MAP) in
its non-encapsulated form in solution, stimulates the synthesis
of Collagen 2.8 times relative to the benchmark or control with
empty liposomes. Magnesium ascorbyl phosphate in its
encapsulated form* stimulates the synthesis of collagen 25.8
times relative to the benchmark.

The results of the fluorescence measurement gave a value of
about 63 ng collagens for the reference culture and 1500 ng
collagens for the culture stimulated by 4% of the encapsulated

vitamin C derivative*.

Safety

e The test product® has been shown not to be cytotoxic

e Additional toxicological tests showed the test product™ to
be non-irritating to eye and skin

¢ ACIR report8 concluded that “the clinical experience in which
ascorbic acid was used on damaged skin with no adverse
effects and the repeat insult patch test (RIPT) using 5%
ascorbic acid with negative results supports the fact that this
group of ingredients (including magnesium ascorbyl

phosphate) does not present the risk of skin sensitization”.

Discussion

Vitamin C has been documented in the literature as having
antioxidant/free radical scavenging®19.17.19  collagen
stimulating®13:17.22 and skin whitening!” properties. However
the incorporation of vitamin C into cosmetic products is
problematic because it is not very stablel!13. Magnesium
ascorbyl phosphate is a vitamin C derivative which has much
better stability’13 and this has also reported to have skin
lightening®24, collagen stimulating!® and antioxidant
properties!?23; however in the unencapsulated form it is poorly
absorbed by the skin from a topical application®. To address
the problems of stability exhibited by vitamin C and poor
penetration by MAP, a stabilized form of vitamin C, an
encapsulated form of MAP, was developed and tested against
the unencapsulated form for the ability to stimulate collagen

formation.

Conclusion

The results show that the nano-encapsulation of magnesium
ascorbyl phosphate (MAP)* boosts both new cell growth and
the ability of MAP to stimulate collagen synthesis in
fibroblasts.

* the encapsulated vitamin C derivative used in this study is sold under the
Cosmetochem tradename Collagen Stimulation Factor MAP
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