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1. Introduction

The main task of modern skin care cosmetics is without doubt the preservation of a
youthful and healthy condition of the skin. In addition, it can also be expected of
effective skin care products that they eliminate minor deviations from ideal conditions
due to stress and environmental factors and that they ensure an optimal equilibrium
between all the skin functions. Nevertheless, despite regular daily care, the natural
ageing process with its undesirable consequences cannot be arrested. However,
premature ageing of the skin due to our modern stressful lifestyle and detrimental
environmental factors can nevertheless be specifically counteracted with modern active
agent cosmetics. According to recent biochemical findings, the visible consequences of
the inexorable ageing process can be demonstrably and increasingly effectively reduced
with potent active agents.

The external appearance of the skin depends very considerably on the connective
tissue. The extremely complex processes in the connective tissue of the skin determine
its hydration capacity, elasticity, pliability, and not least the presence or absence of
wrinkles. The age-related changes affecting specifically the connective tissue of the skin
is the subject of continuous research, and this is constantly discovering new findings.
This is the scientific basis of modern cosmetics.
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2. Concept of the active agent complex Unichondrin ATP

The connective tissue of the skin consists of connective tissue cells or fibroblasts and an
extra cellular matrix that occupies the space between the cells. This matrix consists of a
complex network or reticulum of a wide variety of macromolecules called biopolymers. It
is these biopolymers that determine the mechanical properties of the tissue. The matrix
consists partly of amorphous gelatinous substances and partly of structural fiber
proteins. The biosynthesis of the constituents takes place in the fibroblasts. The
amorphous biopolymers consist of glycosaminoglycans (GAG) (also called
glucosaminoglycans or mucopolysaccharides), glycoproteins (also called glucoproteins
or mucoproteins) and proteoglycans.The fiber proteins are mainly collagen, elastin and
reticulin.

Glycosaminoglycans (= mucopolysaccharides) are formed from aminosaccharides and
uronic acids. The best known of the glycosaminoglycans is without doubt hyaluronic
acid. Hyaluronic acid is used widely in cosmetics and has the following structure:

COOH CH,OH
O ~o 0 [~o
B OH _
o) HO
OH NHCOCH,

Figure 1: Hyaluronic acid

Hyaluronic acid is formed from N-acetylglucosamine and glucoronic acid in the ratio 1:1
and has a molecular mass of between 1 and 15 million depending on the conditions.

Hyaluronic acid is degraded by the enzyme hyaluronidase.

Another building block no less important for the structure of the extracellular matrix is
chondroitin sulfate. This glycosaminoglycan consists of N-acetylgalactosamine and
glucuronic acid. It is known to exist as various isomers, and it is mainly types A and C
with the structures described below:
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Figure 2: Chondroitinsulfat A Figure 3: Chondroitinsulfat C

The molecular mass is between 5,000 and 50,000 and is thus several orders of
magnitude smaller than that of hyaluronic acid.

The free sulfate groups give chondroitin sulfate a pronounced anionic character and
thus very considerably improve the substantivity. Furthermore, chondroitin sulfate is not
degraded by hyaluronidase. Chondroitin sulfates reduce the activation energy for the
formation of collagen fibers and thus assists their generation.

Chondroitin sulfates are the most important constituents of the proteoglycans.
Proteoglycans are structurally similar to glycoproteins, i.e., glycosaminoglycans are
bound as side chains to peptide chains (,core protein®) of various lengths.

Proteoglycans form a three-dimensional reticulum of varying density in the extracellular
space, and the other connective tissue structures are embedded into this reticulum.
These proteoglycans show a wide range of structural variation, and not all details of their
functions are yet known. The most important functions definitely include, for example,
the water-binding ability, the binding of positively charged substances, ion exchange,
and cohesion of the matrix.

Recent investigations also show that proteoglycans not only have mechanical functions
but also perform important biochemical tasks that influence cell and tissue behavior.

The points of special interest to cosmetics chemists are the possible changes occurring
in the connective tissue in response to every day stress and skin ageing and how these
changes can be delayed.

Various investigations have shown that the fibrils in the connective tissue become
thinner with increasing age and the proportion of soluble collagen decreases because
the intermolecular cross-linkages lower the solubility. The degree of cross linking is
partly a function of age, but cross-linking is also accelerated by environmental factors
such as exposure to UV radiation and free radicals. The moisture retention capacity
decreases as the degree of cross linking increases, and this leads to the visible changes
in ageing skin. With increasing age there is also a reduction in the regeneration capacity
of the fibroblasts and thus also of the extracellular matrix.

The content of chondroitin sulfates in particular also decreases markedly as skin ages.
Unfortunately, it is the glycosaminoglycans and thus also the chondroitin sulfates that
counteract cross linking of the collagen. A chondroitin sulfate deficit in the skin thus
accelerates the ageing process.
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In view of the above results, it is rational to use chondroitin sulfates in cosmetics.
Although the molecules of chondroitin sulfate are considerably smaller than those of, for
example, hyaluronic acid, it cannot be assumed that they can be absorbed through the
skin and thus made available to metabolism of the fibroblasts. Instead, the
macromolecular chondroitin sulfates form a film of high substantivity on the surface of
the skin, and as a result of the outstanding water-binding capacity of these molecules,
brings about an improvement in the moisture retention capacity of the skin and thus an
immediate effect that can be both felt and seen.

The lasting preservation of a healthy and youthful condition of the connective tissue
requires optimal cellular metabolism of the fibroblasts. The extracellular matrix is the
result of an extremely complex system of interactive anabolic processes of the inter-
mediate metabolism. The maintenance of these processes requires energy. In order to
meet this energy requirement, nature has devised an extraordinarily efficient system that
is present in every living creature. The energy supplied to the body through the food
chain is stored in the form of adenosine-5'-triphosphate (abbreviation: ATP), which is a
very energy-rich molecule. During the energyconsuming biosynthesis of the
glycosaminoglycans (= mucopolysaccharides) in the fibroblasts, ATP is cleaved into
adenosine diphosphate and orthophosphate in a process that releases energy:

NH, NH>
OH OH OH SN N OH OH k\N N ¢H
HO—P-0-P-0-P-0 ———» HO—P-0-P-0 +HO—P-OH
0] (0] I
I j 58 j 8
OH OH OH OH

+ Energy
Figure 4: Biosynthesis

A variety of in-vitro studies on cell cultures have shown that addition of ATP actually
stimulates the cellular metabolism and promotes the formation of extracellular matrix
substances. For this reason, ATP is often called a ,biocatalyst” in specialist literature.

The high energy content of ATP has the consequence that, particularly in aqueous
solution, ATP is not very stable. However, the presence of protein hydrolysates reduces
the rate of breakdown of ATP very considerably. It therefore appears rational to use ATP
in cosmetic products only in conjunction with protein hydrolysates. Protein hydrolysates
are also biopolymers and are used in cosmetics to improve the moisture retention
capacity of the skin.
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The points described above form the scientific basis that explain the rational and clear
route to the concept of the active agent complex Unichondrin ATP:

Chondroitin sulfate is a biopolymer with a pronounced moisture retention
comparable to that of hyaluronic acid but with a higher substantivity that occurs in
the connective tissue of the skin and thus, as a component of the active agent
complex

Unichondrin ATP, brings about an immediate effect on the skin that can be both felt
and seen.

ATP is a biocatalyst that stimulates the cellular metabolism and thus assists the
fibroblasts in the formation of the extracellular matrix of the connective tissue and
forms the basis for the lasting effect of the active agent complex Unichondrin ATP.

The protein hydrolysate contained in Unichondrin ATP not only assists the hydrating
properties of chondroitin sulfate but also stabilizes the ATP present in the active
agent complex.

The greatest possible hydration is the best precondition for penetration of the hydro-
philic ATP molecules through the skin. Unichondrin ATP therefore contains a high
proportion of 1,3-butylene glycol.
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3.1

3.2

Efficacy

General

The aim of the active agent complex Unichondrin ATP is to delay the ageing processes
in the connective tissue of the skin and to preserve its youthful appearance, as
manifested by improved hydration and better skin topography (wrinkle depth, wrinkle
density, wrinkle length, roughness). These assessment criteria can be measured
objectively with a high degree of reliability on living human skin. For the assessment of
the efficacy, Unichondrin ATP was blended into a neutral base cream to form a test
cream with a concentration of 2.5%. The same base cream without addition of the active
agent was used as the placebo comparison product.

Experience has shown that, despite comparative investigations with placebo products,
the efficacy of a cosmetic active agent can be influenced by the composition of the base
cream used to generate the test cream. It is therefore of little benefit to perform
investigations of this type on as many subjects as possible. The validity can, however,
be increased by lengthening the application and assessment periods. The efficacy
studies described below were performed on 4 subjects according to the established
study designs of the Consumer Product Testing in the USA.

Skin moisture

The efficacy of the active agent complex Unichondrin ATP was tested for skin
moisturization using the electrical conductivity of the skin of the forearm. The subjects
were forbidden to use any cosmetics other than soap during the 7 days preceding the
test phase. The test phase lasted 28 days, during which the test cream and the placebo
cream were applied twice daily. The electrical conductivity of test patches on the skin
was determined on day 1 (before the start of treatment), on day 15 (after 2 weeks) and
on day 29 (after 4 weeks). The results can be summarized as follows:
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The skin moisture content increased by 12% more after two weeks of application
of Unichondrin ATP test cream than placebo cream, and by 62% more after four
weeks of application of Unichondrin ATP test cream than placebo cream.

4
3]
2 A—
1 _‘
Starting Value after 15 Days after 29 Days

B Placebocream H Testcream with 2.5% Unichondrin ATP

Figure 5: Comparison placebo cream with test cream with 2.5% Unichondrin ATP

The skin moisture content did not increase further during further treatment with the
placebo cream after 2 weeks. By contrast, a marked additional improvement was
achieved with the test cream during a further two weeks of treatment. From this, it may
be concluded that the active agent complex Unichondrin ATP already brings about a
clear immediate effect after a short duration of application, and also shows a lasting long
term effect.
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3.3 Skin topoqgraphy

In order to assess the influence of the active agent complex Unichondrin ATP on the
skin topography, silicone replicas of the outer canthus of the right and left eyes were
made before and after the treatment phase. The subjects were forbidden to use any
cosmetics other than soap during the 7 days preceding the test phase. The test phase
lasted 28 days, during which the test cream was applied twice daily to one side of the
face and the placebo cream applied twice daily to the other side. The silicone replicas
were analyzed using computer aided image analysis. The results can be summarized as

follows:

Average amplitude (RZ): Test cream:

Placebo cream:

Number of peaks (RN): Test cream:

Placebo cream:

Residual length (RS): Test cream:

Placebo cream:

Primary wrinkle (RT): Test cream:

Placebo cream:

Roughness: Test cream:

Placebo cream:

46% reduction
35% reduction

67% reduction
29% reduction

58% reduction
54% reduction

42% reduction
25% reduction

42% reduction
30% reduction

These results can be seen as plots below as well as digitized image analyses of the

silicone replicas before and after the 28 days of treatment with Unichondrin ATP.
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Assessment of Skin Surface Topography

N
S o o
L L L

Change from Baseline [%)]
A
Qe

Rz RN RS RT RA

B Testcream with 2.5% Unichondrin ATP mPlacebocream

Figure 6: Assessment of skin surface topography

RZ:  Average amplitude
RN:  Number of peaks
RS: Residual length
RT:  Primary wrinkle
RA: Roughness
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Figure 7: 3-D representation of digitized image - Basisline
Figure 8: 3-D representation of digitized image - Final
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Baseline

Figure 9: 3-D representation of digitized image with 2-D projection — Basisline

Figure 10: 3-D representation of digitized image with 2-D projection - Final

Yellow : Peaks
Red : Transitions
Green : Valleys

FM-097B TDS Unichondrin ATP en(02).doc

Version: 02 / 02.11.2004 13/17



Induchem AG %

Industriestrasse 26 Telefon +41 44 908 43 33 I d Ch e
CH-8604 Volketswil Telefax +41 44 908 43 30 n U m

www.induchem.com contact@nduchem.com Switzerland

UNICHONDRIN ATP

Baseline

P(zl

20 0

Figure 11: Line density graph (*) — Basisline

Final

Zmax 4

-

P Zmin
-
20 L[]

Figure 12: Line density graph (*) - Final

* Profile of one line selected from two dimensional digitized image and quantitated
(planar) density of same line.
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4. Skin tolerance

Unichondrin ATP has been investigated extensively in comprehensive patch tests, and
is well tolerated by the skin without problems.

5. Use

Unichondrin ATP is a potent active agent complex for high quality cosmetic skin care
products for lasting preservation of youthful skin. Unichondrin ATP is water soluble and
therefore suitable for blending into all types of emulsions, lotions, gels, etc.

On the basis of the efficacy studies described in Section 3, we recommend a
concentration for Unichondrin ATP of between 2.5 and 5%.
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6. Characteristics

Composition

Appearance
Analytical data
Solubility

Storage

Processing

Unichondrin ATP is a water soluble active ingredient complex consisting
of chondroitin sulfate (sodium salt), adenosin triphosphate, hydrolyzed
vegetable protein and butylene glycol.

Unichondrin ATP contains no preservative (self-preserving).

Slightly viscous liquid.
See specifications.

Miscible in all proportions with water
Soluble in propylene glycol.

Soluble in aqueous ethanol.
Insoluble in lipids

Storage conditions: see safety data sheet
Shelf life: see specifications

Unichondrin ATP is relatively stable and can easily be processed under
conditions common in the production of cosmetics.

However, temperatures over 70°C should be avoided.

Intolerance reactions may occur with cationic substances.

Identification INCI name CAS-No
Butylene glycol 107-88-0
Hydrolyzed vegetable protein 100209-45-8
Adenosine triphosphate 56-65-5
Sodium chondroitin sulfate 9007-28-7
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