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Volatile compound
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©°  Chemical interactions between volatile compounds and skin lipids:

- Chemical structure (polarity, hydrophilic/hydrophobic affinity) = different chemical interactions with skin lipids

- different release kinetics (Behan et al. 9)
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Why develop non-biological skin models?

Biological models

Non-biological models

Eg. explants, reconstructed skins

e Difficult to obtain Controlled and reproducible
e Relatively expensive properties
e Degrade over time * Less expensive

Readily available .
o ~ Epidermis
Stable over time

e Limited surface area for
sufficient measurements

Fairly complex

— Dermis

"l Subcutaneous
tissue

Complex, multi-layer structure

Ensuring that the model behaves like real skin, capable of mimicking as many of the skin’s physico-chemical

properties as possible
- Combine in vivo and in vitro monitoring of evaporated quantities ¢



Results: Development of in vitrd Comparison in vivo with existing In vivo study Target skin physicochemical propertie: : :
Clolifies i - S s e el non-biological skin model influencing the release phenomenon Conclusion & Perspectives

What steps need to be taken to study and understand the evaporation of
fragrances after they have been applied to the skin to develop a material surface
mimicking human skin for fragrance release and olfactory perception M%

7 Development of the system for in
vivo and in vitro measurements
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Objective: Set up a closed system in which fragrances are trapped for subsequent analysis

(A) In vitro In vivo () SPME
Perfume application
|
|
I
I
|
|
|
Donor compartment |
|
Model surface |
such as cellulosic, polymeric, I )
multilayer, ceramics materials Fiber +——
| DVB/CAR/PDMS
|
|
|

In vitro - chemically inkrt surface — glass

N In vivo — vo unteerforearm s
(11) Hadjiefstathiou, E.; Terescenco, D.; Loisel, V.; Picard, C.; Malhiac, C.; Savary, G. An Innovative Device for in Vivo and in Vitro Study of Fragrance Evaporation after Application on Skin or Model Surfaces. Talanta 2025
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Objective: Compare the quantities evaporated in vivo and on a non-biological skin model
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logP = 1,85 logP =3,33
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logP =391 |, Y N

limonene .
Pv=1,55
logP = 4,57

hexyl cinnamaldehyde
Pv = 0,002
logP = 5,33
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Set up an in vivo study and highlight the properties of the skin that influence most evaporation

Ten volunteers’ arms

Parameters: T,,,., PH,
hydration, roughness, sebum
level measured
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Set up an in vivo study and highlight the properties of the skin that influence most evaporation

Ten volunteers’ arms

Parameters: T,,,., PH,
hydration, roughness, sebum
level measured
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hexyl
ABCD ABC

A
A
AB cinnamaldehyde
BCDE ethyl decanoate
7000 E DE CDE
6000 citronellol
5000
4000 ethyl octanoate
3000
ethyl heptanoate
2000 limonene
1000 myrcene
ethyl butyrate
0
we2

W27 W56 W26 M28 W34 W28 M292 M291 M51

8000 ABC

Area (UA)

Quantities evaporated for each volunteer obtained by GC-FID when
applied to the forearm of each volunteer
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Set up an in vivo study and highlight the properties of the skin that influence most evaporation

Ten volunteers’ arms

Parameters: T,,,., PH,
hydration, roughness, sebum

level measured Results showed that

* Fragrance molecules evaporation influenced by hydration,
TEWL, and roughness
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hydration, roughness, sebum
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In vivo study

Set up an in vivo study and highlight the properties of the skin that influence most evaporation

Ten volunteers’ arms

Parameters: T,,,., PH,
hydration, roughness, sebum

level measured Results showed that
* Fragrance molecules evaporation influenced by hydration,
S000 . TEWL, and roughness
hexyl
8000 ABCD ABC ABC 'Eé[B A [ cmnam?;ehyde . .
o E e o BCDE : I ethyl decanoate * Different clusters of fragrance compounds depending on
I their intrinsic properties
6000 citronellol

Area(UA)

5000 I I .
I * Two patterns of behaviour:
4000 ethyl octanoate

- the more volatile compounds whose evaporation
. ethyl heptanoate increases with skin roughness

li o . oge
2000 e - the less volatile and more lipophilic compounds
1000 ethyl butyrate influenced by skin hydration and TEWL
W27

W56 W26 M28 W34 W28 M292 M291 M51

o

Quantities evaporated for each volunteer obtained by GC-FID when
applied to the forearm of each volunteer
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Objective: Target skin physicochemical properties influencing the release phenomenon

Roughness
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1) Evaporation phenomenon was examined on various skin areas
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Forearm
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Objective: Target skin physicochemical properties influencing the release phenomenon

Roughness

1) Evaporation phenomenon was examined on various skin areas

i )! exposed hand @
palm
exposed foot

forearm

Exposed foot

Expos-ed hand

Evaporated quantities (UA)

Sum of the quantities evaporated, measured by GC-FID, for each skin area
(red: palm, orange: forearm, green: exposed foot, and blue: exposed hand)
Values with different letters denote significant difference (P<0,05) between

areas in vivo (A)
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Target skin physicochemical propertie:

influencing the release phenomenon

Objective: Target skin physicochemical properties influencing the release phenomenon

Roughness

1) Evaporation phenomenon was examined on various skin areas

Skin area T, .. (°C) Hydration sebum

area

TEWL

pH

Roughness

Palm 34.83+2.05(B) 2.00%1.41(A)
30.56 + 0.06 (A)

Forearm 42.13+2.33(A) 0.67 £0.47 (A)
30.48 £ 0.33 (A)

Exposed foot 38.27 +2.85 (AB) 1.67 +1.70(A)
28.72 + 0.69 (B)

Exposed hand 40.37+1.64 (A) 0.67£0.94 (A)
30.29 + 0.47(A)

33.23 + 4.65(A)

7.19 + 1.61 (B)

11.80 + 1.10 (B)

11.18 + 0.62 (B)

5.44 + 0.06 (A)

4.91 +0.11 (B)

4.98 + 0.05 (B)

5.43 £ 0.05 (A)

4.20 £1.35 (A)

2.86 + 0.68 (B)

1.29 + 0.10 (C)

1.13 + 0.29 (AC)

Summary table of skin parameters (pH, temperature, TEWL, hydration, lipid level) measured on
different skin areas (palm, forearm, exposed foot and exposed hand) of one volunteer. Values with

different letters denote significant difference (P<0,05) between areas in vivo (ABC)
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Objective: Target skin physicochemical properties influencing the release phenomenon

Roughness

1) Evaporation phenomenon was examined on various skin areas

Skin area T, .. (°C) Hydration sebum

area

TEWL

pH
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Summary table of skin parameters (pH, temperature, TEWL, hydration, lipid level) measured on
different skin areas (palm, forearm, exposed foot and exposed hand) of one volunteer. Values with

different letters denote significant difference (P<0,05) between areas in vivo (ABC)
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Objective: Target skin physicochemical properties influencing the release phenomenon

Roughness

1) Evaporation phenomenon was examined on various skin areas

Skin area

Torea (°C)

area

Hydration

sebum

TEWL

pH

Roughness

Palm

Forearm

Exposed foot

Exposed hand

30.56 + 0.06 (A)

30.48 + 0.33 (A)

28.72 + 0.69 (B)

30.29 + 0.47(A)

34.83 + 2.05 (B)

42.13 +2.33 (A)

38.27 + 2.85 (AB)

40.37 + 1.64 (A)

2.00 + 1.41 (A)

0.67 £ 0.47 (A)

1.67 + 1.70 (A)

0.67 £ 0.94 (A)

33.23 + 4.65(A)

7.19 + 1.61 (B)

11.80 + 1.10 (B)

11.18 + 0.62 (B)

5.44 + 0.06 (A)

4.91 +0.11 (B)

4.98 + 0.05 (B)

5.43 £ 0.05 (A)

4.20 £1.35 (A)

2.86 + 0.68 (B)

1.29 + 0.10 (C)

1.13 + 0.29 (AC)

Summary table of skin parameters (pH, temperature, TEWL, hydration, lipid level) measured on
different skin areas (palm, forearm, exposed foot and exposed hand) of one volunteer. Values with
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different letters denote significant difference (P<0,05) between areas in vivo (ABC)
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Target skin physicochemical propertie:

influencing the release phenomenon

Objective: Target skin physicochemical properties influencing the release phenomenon

Roughness

1) Evaporation phenomenon was examined on various skin areas
2) However, difficult to isolate the roughness parameter from other skin properties that may also influence evaporation

Skin area T.rea (°C) Hydration sebum TEWL pH Roughness
Palm 34.83+2.05(B) 2.00+1.41(A) 33.23+4.65(A) 5.44+0.06(A) 4.20%1.35(A)
30.56 +0.06 (A)
Forearm 42.13+2.33(A) 0.67+0.47(A) 7.19+1.61(B) 4.91+0.11(B) 2.860.68 (B)

30.48 + 0.33 (A)

Exposed foot 38.27+2.85(AB) 1.67+1.70(A) 11.80+1.10(B) 4.98+0.05(B) 1.29+0.10 (C)
28.72 +0.69 (B)

Exposed hand 40.37+1.64(A) 0.67+0.94(A) 11.18+0.62(B) 5.43+0.05(A) 1.13+0.29 (AC)
30.29 + 0.47(A)

Summary table of skin parameters (pH, temperature, TEWL, hydration, lipid level) measured on
different skin areas (palm, forearm, exposed foot and exposed hand) of one volunteer. Values with
different letters denote significant difference (P<0,05) between areas in vivo (ABC)
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Objective: Target skin physicochemical properties influencing the release phenomenon

Roughness

1) Evaporation phenomenon was examined on various skin areas

2) However, difficult to isolate the roughness parameter from other skin properties that may also influence evaporation
3) The study was conducted in vitro using Surfaskin® 14, a skin replica patented by our laboratory, which enables the
capture of imprints from multiple skin areas

Polymeric surface: mimicking Artificial sebum: mimicking lipid .
skin surface topography composition of skin surface 1s0
1208
28% free fatty acids 96,68
32% triglycerides gV
25% wax esters =
10% squalene s

4% cholesterol

[
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(14) Eudier F, Grisel M, Savary G, Picard C. Design of a Lipid-Coated Polymeric Material Mimic Human Skin Surface Properties: a Performing Tool to Evaluate Skin Interaction with Topical Products. Langmuir. 5 mai 2020;36(17):4582-91.
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Objective: Target skin physicochemical properties influencing the release phenomenon

Roughness

1) Evaporation phenomenon was examined on various skin areas

2) However, difficult to isolate the roughness parameter from other skin properties that may also influence evaporation

3) The study was conducted in vitro using Surfaskin® 14, a skin replica patented by our laboratory, which enables the
capture of imprints from multiple skin areas

—> Able to separate the roughness parameter and investigate its relationship with fragrance release

Polymeric surface: mimicking Artificial sebum: mimicking lipid .
skin surface topography composition of skin surface 150
1208
28% free fatty acids 96,60
32% triglycerides gV
25% wax esters =
10% squalene s

4% cholesterol
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Objective: Target skin physicochemical properties influencing the release phenomenon

Roughness

1) Evaporation phenomenon was examined on various skin areas
2) However, difficult to isolate the roughness parameter from other skin properties that may also influence evaporation
3) The study was conducted in vitro using Surfaskin® 14, a skin replica patented by our laboratory, which enables the

capture of imprints from multiple skin areas
—> Able to separate the roughness parameter and investigate its relationship with fragrance release

Polymeric surface: mimicking Artificial sebum: mimicking lipid
skin surface topography composition of skin surface 150

1208
/ 28% free fatty acids 96,68
32% triglycerides T

— 25% wax esters
SR 10% squalene s
4% cholesterol

Analysis of the results in progress:
* As skin roughness increases, the specific surface area available for evaporation also increases

- This greater surface area enhances the diffusion of volatile compounds into the surrounding environment
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‘E@ Set up of an innovative, reliable system

combining in vivo/in vitro measurements to study the evaporation
|:|| phenomena
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Set up of an innovative, reliable system
combining in vivo/in vitro measurements to study the evaporation
phenomena

Conclusion & Perspectives

Better understanding of the impact of skin physicochemical properties
- release of fragrance on the surface of the skin
(with 10 volunteers)
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Aim: Target a material whose evaporation rate is close to that of the skin
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As for the roughness parameter, isolate a property and study its impact on evaporation

q

Aim: Target a material whose evaporation rate is close to that of the skin d
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How does surface properties such as roughness, porosity, surface free energy, and chemistry affect evaporation

Does the olfactory perception on the model material accurately reflect that on human skin?

~

As for the roughness parameter, isolate a property and study its impact on evaporation

Aim: Target a material whose evaporation rate is close to that of the skin d N
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Conclusion & Perspectives
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Conclusion & Perspectives @/
)
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How does surface properties such as roughness, porosity, surface free energy, and chemistry affect evaporation

Does the olfactory perception on the model material accurately reflect that on human skin?

\
As for the roughness parameter, isolate a property and study its impact on evaporation

Understand and explain the impact of surface properties on evaporation rates (
N

Aim: Target a material whose evaporation rate is close to that of the skin d
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Feel free to contact us:
- Elise Hadjiefstathiou: elise.hadjiefstathiou@univ-lehavre.fr

- Céline Picard: celine.picard@univ-lehavre.fr




