Agqua-Osmoline™

targets water control for improved hydration and skin glow. e 1
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outline

designed to improve skin glow and hydration by targeting water channeling,
and to help preserve morphology & cohesion during stress
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agqua-osmoline™ biofunctional

o origin, positioning, benefits

o summary of test results

o mode of action
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overview

|
origin
— purified Ceratonia siliqua (carob) seed extract rich in amino acids and peptides

positioning
— designed to improve skin glow and hydration by targeting water channeling and by helping
preserve morphology & cohesion during stress

benefits
— boosts hyaluronic acid expression linked with water filing and regeneration effects
— targets water channeling and water sealing
— may help to contribute to preserve cell shape and cohesion during stress

— may help boost expression of proteins linked with epidermal differentiation and sfratum
corneum (SC) plasticity

— enhances skin hydration and perception of skin glow

in addition, aqua-osmoline™ biofunctional boosts skin's natural adaptability to water challenging
stress conditions (cold temperatures, low humidity, air conditioning, peelings, dermalbrasions,
etc.)
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summary of benefits and test results

water filling and regeneration
— increases hyaluronic acid expression in human skin (ex vivo)
— increases hyaluronic acid CD44 receptor expression in human skin (ex vivo)

water channeling and water sealing
— increases aquaporin-3 to facilitate water exchanges between the dermis and the epidermis (in vitro, ex vivo)
— increases claudin-1 in fight junctions to reduce paracellular permeability (ex vivo)

morphology and cohesion
— may help preserve cell shape and cohesion (in vifro, in vivo: vivascope* evaluation)
— helps improve skin regeneration (in vitro experimental skin repair model)

epidermal differentiation and stratum corneum (SC) plasticity
— helps increase natural moisturizing factor precursor (filaggrin) and PAD1 (ex vivo)
— helps increase epidermal differentiation markers cytokeratin 10 and involucrin (ex vivo)

skin hydration and skin glow
— boosts skin hydration (clinical study, corneometer®)
— increases the perception of skin glow (clinical study, expert scoring)

*trademark owned by a third party
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targets all major water-related proteins

plasticity
6 filaggrin, keratin,

(] Involucrin

« shape & cohesion
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water filling & regeneration
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agua-osmoline™ biofunctional

o going one step further in skin hydration

o hyaluronic acid: water filling and regeneration

b o AQP3 water channels
o claudin-1, a component of tfight junctions

o osmotic stress
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going one step further in skin hydration

the skin is a living fissue that depends on water for optimum
function and beauty

in a water-challenging environment, the skin is less able to naturally
and effectively prevent and correct the premature signs of aging

the hydration status of the skin is dependent upon the rates of water
movements intfo and out of this tissue, as well as the ability of skin to
retain and channel water through water-related proteins

aqua-osmoline™ biofunctional is going one step further in skin hydration
by targeting several key water-related molecules (hyaluronic acid,
aquaporin-3, claudin-1, filaggrin), to help sustain skin’s moisture and glow
over time, and to resist the appearance of premature aging
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hyaluronic acid:
water filling and regeneration effects

o hyaluronic acid (HA) or hyaluronan is a glycosaminoglycan found as a part of the skin extracellular
matrix of the dermis, where it has water binding and electrolyte control properties.

o HA'is also actively metabolized by keratinocytes (KC) and secreted in the extracellular space where it
facilitates the diffusion of water and nutrients.

o HAis not only a space filler: anchored to a receptor CD44, HA is involved in KC proliferation and
differentiation: in the suprabasal layers, HA activates corneocyte and lamellar body formationl,

sC HA  an® ¥esy
5 g proliferation 1
:‘é $G o corneocyte
o OO0 formation
& | ss (Lw) : -
% ~ d|fferenhoT|ont permeability
‘ "j“‘ barrier
: homeostasis
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cholesterol  lamellar gsecretion | qmeliar

- syThesiSﬁ body t_%membrones
roliferation” . f fi . . .
o HA-CD44 fieradtic | s the constant regeneration throUgh fhe lifetime of keratinocytes,

emerging from division ot a columnar basal cell and ending as a flattened corneocyte.
o HAis a critical water-related molecule involved in the formation of a waterproof skin barrier.

[1] Hyaluronan-CD44 interaction stimulates keratinocyte differentiation, lamellar body formation/secretion,
and permeability barrier homeostasis. Bourguignon et al., J Invest Dermatol. 2006 126(6):1356-65

O/ »
\f Ashland

always solving



aguaporin-3 water channels

|
- - -
o discovered in 1988 by Peter Agre, Nobel prize in siratum S
chemistry in 2003, aquaporins are water channels that comeum Y
play a crucial role in transporting water.
granular
o aquaporin-3 (AQP3) is the most abundant skin layer
aquaglyceroporin. both water and glycerol tfransport
by AQP3 appear to play an important role in
hydration of skin epidermisi2l. ‘
spinous
. . . S . layer
o AQP3is also believed to be important in skin repair, as
a water channel by facilitating cell migration, and as
a glycerol tfransporter by enhancing keratinocyte basal
proliferation and differentiation!l. layer
o AQP3 deficiency is related to a loss of epidermal
firmness, a decreased skin barrier function and
moisture content in the stratum corneum leading to @
very dry skinl2l, schematic
representation
of AQP3in
keratinocyte
membranes

[2] Skin aquaporins: function in hydration, wound healing, and skin epidermis homeostasis. Boury-
Jamot et al., Handbuch Exp Pharmacol. 2009;(190):205-17.
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claudin-1:
a component of tfight junctions

o claudin-1is an inTe?_roI membrane protein and a

o they serve as a primary barrier preventing solutes
and water from passing freely through the
paracellular pathway

component of tight junctions (TJs) stratum )¢ X¢ )
corneum G D] ¢ b]¢ )
o TJs arelocated in the granular layer & &
. . . . ranular TJs
o Tls constitute continuous, circumferential seals P ayor ‘t - )/jT T
around cells , - , |
B

o claudin-1 deficiency is reported to cause wrinkling
and dry_skin suggesting arole in  age-related skin
dryness!s]

3] Claudin-based tight junctions are crucial for the
laudin-1-deficient micé. Furuse et al, J Cell Biol. 2002 1

mammalian egidermol barrier: a lesson from
8;156(6):1099-111.
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osMmofic stress

o infracellular environments are osmotically controlled to preserve cell shape
and function. this control is particularly important in the epidermis exposed to
the dryness of the environment.

o retention of water by the sfrafum corneum is attributed to the generation
of hygroscopically active products of filaggrin proteolysist#!

o the keratinocytes possess an osmolyte strategy, which is important to preserve
cell volume homeostasis and optimal functioning during osmotic stressl®!

o the osmolyte strategy of keratinocytes seems to be part of skin response to
other stress, such as UV, and could be implicated in fighting oxidative stress in
the skint!

o agua-osmoline™ biofunctional boosts skin's natural response to osmotic stress
conditions, to help preserve morphology, cohesion, and moisture content

[4] Is endogenous glycerol a determinant of sfratum corneum hydration in humanse Choi ef al., J Invest Dermatol. 2005
125(2):288-93.
[5] The osmoalyte strategy of normal human keratinocytes in maintaining cell homeostasis. Warskulat ef al., J Invest O/

Dermatol. 2004 123(3):516-21 J Cell Biol. 2002 Mar 18;156(6):1099-111. ? AShlaHd
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agua-osmoline™ biofunctional

C

efficacy tests

13

o water filling & regeneration effects

o water channeling & water sealing

o morphology & cohesion

o epidermal differentiation & SC plasticity

o skin hydration & skin glow
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water filling and regeneration

evaluation of hyaluronic acid level in human skin (ex vivo)

culture: ex vivo human skin biopsies

product application: aqua-osmoline™ biofunctional 1%, once per day

application time: 48 hours

evaluation: hyaluronic acid staining using a specific marker HABP (hyaluronic acid binding protein),
quantification by image analysis software

___unireafed 1% aqua-osmoline.
=

I x20

*; significant with Student’s ttest (n=3)

results show that agua-osmoline biofunctional was associated with an
observed increase in hyaluronic acid expression in human skin,

suggesting an improved water filling capacity.
9%7) Ashland
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evaluation of hyaluronic acid binding receptor level in human skin (ex vivo)

culture: ex vivo human skin biopsies

product application: aqua-osmoline™ biofunctional 1%, once per day

application time: 48 hours

evaluation: hyaluronic acid receptor CD44 immunofluorescent staining, quantification by image analysis software

unfreated 1% aqua-osmoline
biofunctional

5 highly significant, *: significant
with Student’s t test (n=3)

results show an increased hyaluronic acid receptor CD44 expression after
aqua-osmoline biofunctional application on the skin.
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water channeling and water sealing

aquaporin-3 (AQP3) expression on cell membranes after osmotic stress (in vifro)

culture: normal human keratinocytes
product application: aqua-osmoline™ biofunctional 1%
application time: 24 hours
osmotic stress: after freatment, sorbitol 200 mM for 2 hours
evaluation: aquaporin-3 immunofluorescent staining and quantification by image analysis software

untreated osmotic stress aqua-osmoline + stress

(vp)
=
S
o
o
]
2
o
o

**: very significant,
*: significant with
' ' x20 Student's ttest (n=3)

when keratinocytes are exposed to an osmotic stress, AQP3 is expressed at their
plasma membrane. Aqua-osmoline biofunctional was associated with an
observed increase of AQP3 localization at the plasma membrane, and an
observed increase of the viability of keratinocytes (MTT test, results not shown)

during hyperosmotic stress conditions. )
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water channeling and water sealing

aquaporin-3 (AQP3) expression in keratinocytes (in vifro) and in human skin (ex vivo)

culture: normal human keratinocytes and ex vivo skin biopsies

product application: agqua-osmoline™ biofunctional 1%

application time: 24 hours on keratinocytes and 48 hours on ex vivo skin

evaluation: immunoblotting of AQP3 on keratinocytes and immunofluorescent staining of AQP3 on skin biopsies and

quantification by image analysis software
untreated agqua-osmoline

AQP3 immunoblotting in
keratinocytes

150 r43%*

> ™

Z 100 - £

= 5
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. o

5 50 ‘35
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0 ©

untreated 1% aqua-osmoline

% highly significant, *: significant with Student’s f test (n=3)

results show increased AQP3 level after aqua-osmoline biofunctional application on
keratinocytes and human skin. in water-challenging conditions, other test results (not
shown) suggest increased AQP3 expression in ex vivo skin after cold stress, mechanical
stress (stripping) and UV stress.
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water channeling and water sealing

evaluation of claudin-1 (component of tight junctions) in human skin (ex vivo)

claudin-1 expression after dehydration stress

culture: ex vivo human skin biopsies 120
product application: aqua-osmoline™ biofunctional 1%
stress: desiccation with dry air flow for 2 hours 100 y

application time: 24h -> 2h dry air -> 24h treatment ‘_33%

O
0]
evaluation: immunofluorescent staining of claudin-1 = 80 ook
and quantification by image analysis software £
g . m unfreated
%5 B aqua-osmoline
other test results (not shown), suggest increased % 40
claudin-1 expression after cold stress (4°C) £ 1 -
and affter UV stress. = 20 hlghly mgmﬂconf,
** very significant,
with Student’s f test
0 . (n=3)

no stress dehydration stress

results suggest that agua-osmoline biofunctional helps limit the
decrease in claudin-1 induced by dehydration stress.
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evaluation of expression after cold stress (in vifro)

as water content declines, i.e., during winter, the skin becomes prone to develop cracks

and fissures, triggering a process. actin and AQP3 are known to play a
key role in cell movement.

culture: normal human keratinocytes

product application: ggua-osmoline™ biofunctional 1%
stress: cold stress 4 hours at 4°C

application time: 24 hours

evaluation: actin immunofluorescent staining

NO stress cold stress

untfreated

actin

lamellipodium

changes in cell shape involve actin
cytoskeleton constant remodeling and water
flows through aquaporins.
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agua-osmoline biofunctional application on keratinocytes may
help preserve during stress conditions.
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morphology and cohesion

helps improve skin regeneration (in vifro experimental skin repair model)

application time: 8h and 24h
evaluation: culture insert (IBIDI) and
contrast phase microscopy

£

ouc! Gpplation. caue oimolns
product application: aqua-osmoline™ biofunctional 1% t=8h 1=24h

: ”déﬁn — | |
 lgmelipodium
AQP :
- water
| @ ’.' i : "_ 3
migrating cell —>

untreated

all cellmovement is accompanied by
changes in cell shape and water flows.
the role of AQP3 in cell migration is
attributed to its water transport properties.
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results show that agqua-osmoline biofunctional helps facilitate the
movement of cells during in vitro skin regeneration.
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vivascope™* evaluation of cell shape and cohesion (clinical study, protocol p. 25)

skin dryness is characterized by decreased cohesion between granular cells. claudin-1, a

component of tight junctions, plays an essential role in preserving cell cohesion in the granular
layer.

evaluation of cell shape and cohesion in the granular Iayer after 7 days of appllcahon

zs;.

'Q

~ [
é‘\:ﬁQSUm depTh o5 epth

placebo o Icebo

in the skin treated with placebo, gronulor cells appear with irregular cell borders, whereas in the
skin freated with 1% agqua-osmoline™ biofunctional, the granular cells are arranged in a more
cohesive pattern and are smaller in size for all volunteers, at D7 and D21

*tfrademark owned by a third party gﬁ%?AShlandm
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morphology and cohesion

vivascope* evaluation of cell shape and cohesion

image transformation with Huygens — essentials software.
IN green: space between granular cells

*tfrademark owned by a third party

e/ -
\f Ashland

22 always solving



evaluation of the natural moisturizing factor (NMF) precursor and
expression in human skin, ex vivo

ex vivo human skin biopsies
agua-osmoline™ biofunctional 1%
24h (filaggrin) 48h (PADT)
immunofluorescence of filaggrin and PADT;
quantification by image analysis software

are filament-associated proteins
which bind to keratin fibers.
(peptidylarginine deiminase) are
enzymes involved in filaggrin processing.

filaggrin is necessary for the generation of
in the NMF.

*. significant with Student’s f test (n=3)
observed results suggest thaf oquo—qsmpline biofunctional
increases filaggrin and PAD1 expression in skin. /?Ashland“
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evaluation of keratin 10 and involucrin expression in human skin ex vivo

ex vivo skin biopsies aqua-osmoline™ biofunctional 1%
keratin 10: 24h, involucrin: 48h
K10 (keratin 10) and involucrin immunofluorescent staining; quantification by image analysis software

corneocytes and
intercellular lipids

T

' caspase 14
fransglutaminase
filaggrin in KHGs +66%***

loricrin
involucrin

SC

SG

SS

T

growth arrest
. commitment to
differentiation

T

proliferating cell
compartment

differntiation
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proliferation

= highly significant, **; very significant with Student’s ftest (n=3)

results show that agua-osmoline biofunctional was associated with an observed increase in
keratin 10 and involucrin levels in human skin model /? .
N Ashland
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skin hydration and skin glow

double blind clinical study against placebo

objective: evaluate the benefits of aqua-osmoline™ biofunctional on skin hydration and
perception of skin glow

number of volunteers: 10 volunteers with normal skin (age between 20 and 49)
duration: 3 weeks, control visits at DO, D7 and D21

tested material: cosmetic formulation containing aqua-osmoline biofunctional at 1%
product application: twice a day on the forearm, morning and evening at 2 mg/cm?

evaluation:
— measurements of skin hydration (capacitance, using a corneometer* CM825)
— evaluation of cell size and cohesion using vivascopée™ 1500
— perception of skin glow (expert scoring)

statistical analysis: non-parametric Wilcoxon matched pairs test

*trademark owned by a third party
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skin hydration and skin glow

evaluation of skin hydration (in vivo)

skin hydration was measured as changes in electrical capacitance with a corneometer*

capacitance, IU

50

45

40

35 A

30 A

25 A

20 -

+12.7% *

Placebo

Aqua-Osmoline

mDay 0
mDay /7

mean £ sem, n=10
ns: non significant, *: significant
with Wilcoxon test

Results show an increase in skin moisture content after aqua-osmoline™ biofunctional

cream application.

This increase is observed in 70% of the volunteers

*trademark owned by a third party
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skin hydration and skin glow

evaluation of the perception of skin glow (expert scoring)

+84.6%
at D7 and at the end of the study, 3 +3z'55% -
an observation based on 25 T |

the perception of skin glow
was performed on each volunteer
by a frained expert

m Placebo

B Aqua-Osmoline

the evaluation ranged from 0 to 10
0 = very dull and dry skin
10 = very radiant and hydrated skin

'| ]
70% improved' 90% improved
0.5 1 volunteers - volunteers
O n

D7 - D0 D21 -D0
mean + sem, n=10
ns: non significant, **: very significant with Wilcoxon test

expert scoring (arbifrary units)
(@]

expert scoring revealed a significant increase in the perception of skin glow after
3 weeks application of a cream containing 1% aqua-osmoline™ biofunctional,
compared to the placebo cream application.

27
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agua-osmoline™ biofunctional

O

applications

o applications
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cosmetic applications

moisturizing, anti-dehydrating skin care products
skin care products for dry and sensitive skin
skin care products for aging skin

skin care products to help skin regeneration
— after peeling, after dermabrasion creams
— aftershave, post-depilation creams

skin care products to help preserve against water-challenging conditions

— winter creams
— protective skin care (against external environmental factors)

recommended usage level: 1% (clinically tested at 1%)
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disclaimer

The information contained in this presentation and the various products described are intended for use only by persons having
technical skill and at their own discretion and risk after they have performed necessary technical investigations, tests and
evaluations of the products and their uses. This material is for informational purposes only and describes the scientific support for the
use of the products described herein as an ingredient in cosmetic products intended to enhance appearance and other cosmetic
benefits or to enhance performance of an end product. Certain end uses of these products may be regulated pursuant to rules
governing medical devices or other regulations governing drug uses. It is the purchaser’s responsibility fo determine the applicability
of such regulations to its products. While the information herein is believed to be reliable, we do not guarantee its accuracy and a
purchaser must make its own determination of a product’s suitability for purchaser’s use, for the protection of the environment, and
for the health and safety of its employees and the purchasers of its products.

Neither Ashland nor its affiliates shall be responsible for the use of this information, or of any product, method, formulation, or
apparatus described in this brochure. Nothing herein waives any of Ashland’s or its affiliates’ conditions of sale, and no statement,
information and datais to be taken as a guarantee, an express warranty, or an implied warranty of merchantability or fithess for a
particular purpose, or representation, express or implied, for which Ashland and its affiliates assume legal responsibility. We also make
no warranty against infringement of any patents by reason of purchaser’s use of any information, product, method or apparatus
described in this presentation.

The testing information (the “Testing Information™) has been gratuitously provided by Ashland. The Testing Information is based on
many factors beyond Ashland’s control, including but not limited to, the conditions prevailing when the testing was conducted, and
in some cases, is based on data generated with development samples of the Active Ingredient. Although it is infended to be
accurate, ASHLAND DISCLAIMS ANY AND ALL LIABILITY, EITHER EXPRESS OR IMPLIED. The Testing Information is confidential or
proprietary to Ashland, and may not, except as provided below, be disclosed to any third party. You may not make commercial
use of the Testing Information, or make claims with respect to your products based the Testing Information, without the written
agreement with Ashland covering such use.

® Registered frademark, Ashland or its subsidiaries, registered in various countries
™ Trademark, Ashland or its subsidiaries, registered in various countries

* Trademark owned by a third party

© 2017, Ashland
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