Volume 17 | Number 4 | December 2014

MAGAZINE
The Global Publication of the International Federation
of Societies of Cosmetic Chemists

AFM Study of Hair Surface Deposition, Smoothness,
and Mechanical Properties and Their Effects on Hair
Shine and Conditioning
Chemical characterization of natural cosmetic ingredients: New insights on identification strategies
The Skin Firming “Red-volution”: Anti-cellulite Efficacy
of a Papaver rhoeas Extract
Sunscreens – UV or Light Protection
Multicenter Study on the Effect of Various Test Parameters on the Curl Retention Results of Hairsprays

www.ifscc.org

Scientific Papers
AFM Study of Hair Surface Deposition, Smoothness, and Mechanical Properties and Their Effects on Hair
Shine and Conditioning
3

Timothy Gao, Sam Zhu, Farahdia Edouard, Marni Dexter,, Jung-Mei Tien

Chemical characterization of natural cosmetic ingredients: New insights on identification strategies
11

Jane Hubert, Romain Reynaud, Jean-Marc Nuzillard, Sarah Öttlc, Judith Rollingerc, Jean-Hugues Renault

The Skin Firming “Red-volution”: Anti-cellulite Efficacy of a Papaver rhoeas Extract
Thierry baldecchi, Lilia Heider, Marina Lefort, Christophe Carola, Claudia Cartigliani, Adirana Bonfigli, Frank Pflücker

19

Sunscreens – UV or Light Protection
J. Lademann, M.E. Darvin, H.-J. Weigmann, S. Schanzer, L. Zastrow, O. Doucet, H. Meffert, J. Krutmann, D. Kockott,
T. Vergou, M.C. Meinke

23

Multicenter Study on the Effect of Various Test Parameters on the Curl Retention Results of Hairsprays
U. Aßmus, S. Bielfeldt, H.-M., H. Hensen, P. Hössel, G. Lang, H. Leidreiter, A. Markowetz, V. Martin, B. Nöcker, M. Pfaffernoschke,
E. Poppe, H. Schmidt-Lewerkühne, A. Schwan-Jonczyk, J. Wood, F.-J. Wortmann

IFSCC Magazine:
Official scientific magazine of the
International Federation of Societies
of Cosmetic Chemists
Publications Chair:
Andrea Weber, Germany

IFSCC Office/Publisher’s Office

Important Information

IFSCC
Suite 109, Christchurch House
40 Upper George Street Luton, Beds LU1
2RS, UK Tel: +44-1582-72 66-61
Fax: +44-1582-40-52-17
lorna�weston@ifscc�org

From 2014 onwards we publish the
contents of the IFSCC Magazine on the
IFSCC Website:
www�ifscc�org

Chair Science Committee:
Fujihiro Kanda, Japan
Chair Education Committee:
Miki Minaminu, Japan
Scientific Editor:
Lothar Motitschke, Germany
Language Editor:
Marcia Franzen-Hintze, Germany
Honorary Auditors:
Anne Hunt, France
Judy Beerling, United Kingdom
4 issues / year
Copyright 2014
Arranged in Germany
ISSN# 1520-4561

2

29

Front Cover Design:
Fabian Mai
fabian�mai@sofw�com
Layout:
Andrea Weber
andrea.weber@babor.de

You will have to sign in to the
Member Zone where you can then
find the Scientific Papers of the
IFSCC Magazine
Detail to be found on the Website�
You will find the contents on the IFSCC
Website as follows:
News from Member Societies:
News Page on Website
Awards:
Awards Pages on Website
Educational Programs:
Education Pages on Website
Scientific Papers:
Member Zone

IFSCC Magazine 4 - 2014

AFM Study of Hair Surface Deposition, Smoothness, and
Mechanical Properties and Their Effects on Hair Shine and
Conditioning
Timothy Gao, Sam Zhu, Farahdia Edouard, Marni Dexter, and Jung-Mei Tien
Croda Inc., 300-A, Columbus Circle, Edison, NJ, 08837, USA

Part of the work of this paper was presented at the 2012 and 2013 SCC Annual Scientific Conferences, New York City, USA, and
22nd IFSCC Conference 2013, Rio de Janeiro, Brazil.
Keywords: AFM, 3D imaging, hair conditioning, hair shine, hair surface smoothness

ABSTRACT
A new AFM 3D imaging technique was developed and applied to investigate correlations
between consumer-perceivable hair shining,
color vibrancy, and conditioning performance
and nanoscale changes in hair surface roughness and mechanical properties before and
after different cosmetic treatments. Changes
in surface energy of hair fibers after different
conditioner treatments were also detemined.

INTRODUCTION
Hair shine is an important feature of hair
appearance, and this attractive visual effect
is a key consumer objective in the hair care
market. Hair color strength/intensity is a
very important attribute for colored hair.
Previously, we developed methods for measurements of hair shine and surface smoothness by using a SAMBA system [1]. In 2010,
we extended our study on colored hair and
defined a new parameter, the Hair Color
Vibrance Factor (HCVF) to describe comprehensive effects of hair shine and color
strength (Chroma) [2]. Recently, we used
advanced AFM 3-D imaging technique to
study changes in hair surface integrity after
different hair straightener treatments [3]. It
is found that AFM is a very useful tool to
study hair surface morphological properties:
cuticle heights, cuticle angles, and surface
roughness.
AFM has been widely used to study hair
surface properties by Professor Bhushan and
his group at Ohio State University [4]. In this
review article, they present a comprehensive review of structural, mechanical and tribological properties of various hair and skin
types as a function of ethnicity, damage,
conditioning treatment, and various environments. But correlations between the nanoscale characterization of hair surface and
consumer-perceivable performance have
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Experimental results and subjective evaluations indicated that a thin oil or solid quaternary compound film is found on the hair
surface after the respective hair shine spray
or quaternary conditioner treatments. In
addition, the deposited oil and quat film made the hair surface smoother and softer. The
quat film also made the hair surface more
hydrophobic and, subsequently, reduced the
hair surface energy. As a result, hair shine
spray-treated hair looked shinier and more
color vibrant, and conditioner-treated hair
tresses became easier to comb and felt

smooth, soft, and sleek. The quat deposition
and hair conditioning performance depended
on the type of hair (damaged or virgin) and
major ingredients contained in the applied
conditioners.

not yet been explored. In this paper we used
the newly developed AFM technology of
quantitative mechanical property mapping
(PeakForce QNM) from Bruker [5] to investigate nanoscale changes in surface morphological and mechanical properties and correlate them with consumer-perceivable performance – hair shine, color vibrancy, and
hair conditioning.

research work on hair surface energy and
conditioning[6], we found that the average
surface energy of hair fibers treated with
conditioners decreased and the hydrophobicity of the hair surface increased. The percentage changes in hair surface energy depend on the types of hair and major ingredients in the applied conditioner. These
experimental results correlated well with
the reduction in combing forces and salon
evaluations after respective treatments. In
this paper, we report our recent studies on
surface film depositions of different quaternary conditioners on various types of
hair. Different quat films exhibited different
mechanical properties such as the elastic
modulus, adhesion force, and deformation.
Deposition of cationic quaternary conditioners showed a good correlation with the
reduction in hair surface energy and improvement in hair conditioning performance.

In order to have a better understanding of
how hair surface morphology in nanoscale
affects consumer-perceivable hair shine and
color vibrancy, we first used a SAMBA system to measure the shine index, apparent
cuticle angle (ACA), and HCVF of hair tresses
before and after a hair shine spray treatment. We then used the AFM 3D imaging
technique to determine nanoscale changes
in the average cuticle height, average cuticle
angle, and average surface roughness of hair
fibers after the hair shine spray treatment
relative to before. Subjective evaluations by
panelists were also conducted. All experimental results helped us to establish multidimensional correlations among hair surface
smoothness, hair shine/color vibrancy, and
consumer perception.
Hair conditioning performance is a very important attribute of hair care products. Good
hair conditioning products make hair easier
to comb, feel moisture-rich, smooth, sleek
and soft, and look shiny. In our previous

AFM 3D imaging technology provided a very
powerful tool to characterize hair surface
morphological and mechanical properties.
These nanoscale properties correlated well
with instrumental measurements and consumer perceptions, such as hair shine, color
vibrancy, hair feel, and hair conditioning.

EXPERIMENTAL
Materials
Virgin dark brown Caucasian hair and regular
bleached hair were purchased from International Hair Importers and Products, Inc.
(Glendale, NY).
A hair shine spray and two conditioners
were prepared by the Application Group of
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Croda Inc. and used to treat hair tresses for
shine and combing force measurements,
surface energy measurements, and AFM
imaging. The hair shine spray contained 55%
Cyclomethicone and 45% PPG-3 Benzyl Ether
Ethylhexanoate. Conditioner-A (Q-91 Conditioner) contained 2.14% of Quaternium-91
(and) Cetrimonium Methosulfate (and) Cetearyl Alcohol, 3.86% of Cetearyl Alcohol,
0.10% of Methylisothiazolinone, the rest
was balanced with DI-water. Conditioner-B
(BTMS Conditioner) contained 3.00% of
Behentrimonium Methosulfate (and) Cetyl
Alcohol (and) Butylene Glycol, 3.00% of
Cetearyl Alcohol, 0.10% of Methylisothiazolinone, and the rest was made up with DIwater. Both the Q-91 and BTMS conditioners
had the same amount of active quaternary
compounds, 1.5%.

used for measurements of the hair luster
(L*), chroma (C), overlapping coefficient
(Oc), and apparent cuticle angle (ACA) of
hair samples before and after the hair spray
treatments. Their HCVF values were calculated [2].

fiber before and after a cosmetic treatment.
Figures 1 and 2 are typical AFM 3D images
of the same section of a virgin dark hair fiber
before and after the hair shine spray treatment. Figures 3 and 4 are the corresponding
“section analysis” profiles. A total of 10 hair
fibers were used for these measurements;
nine “section lines” per image were used to
the average values of the cuticle
RESULTS AND DISCUSSION calculate
angle, cuticle height and surface roughness
Enhancement of hair shine and for each image. Average percentage changes
in the cuticle height, cuticle angle, and
hair color vibrancy
surface roughness of a hair fiber after the
AFM 3D imaging analysis of hair smooth- hair-spray treatment relative to before were
ness, surface roughness, cuticle height, and calculated. Then the average changes in
cuticle angle
these parameters of 10 hair fibers were
calculated and listed in Table I. A t-test staWe have developed a technology to obtain
tistical analysis was performed for each paAFM images of the same section of a hair
rameter determined.

The hair spray was applied to both sides of
each tested hair tress at three positions top, middle, and bottom - and the tresses
combed through to distribute the spray
evenly. 2 g of the conditioner were left on
each hair tress for 3 minutes and then the
tress rinsed under 40 °C tap water (flow rate
800 ml/min) for one minute. The treated
tress was dried at room temperature overnight.
Instruments and test methods:
A Krüss K100 automatic Tensiometer from
Krüss, Hamburg, Germany was used for
measurements of dynamic advancing
contact angles and surface energy of hair
fibers before and after the respective conditioner treatments [6].
An AFM (Dimension Icon System from Bruker AXS, Karlsruhe, Germany) equipped with
a peak force quantitative nanoscale mapping
(QNM) mode was used to capture 3D images
of hair fibers and the NanoScope Analysis
computer software from Bruker for data
analysis of hair surface morphological and
mechanical properties [5]. All measurements
were done at a constant temperature (22 °C)
and 60% relative humidity. An RFESP probe
(1-10 Ohm-cm phosphorus (n) doped Si)
from Bruker was used in the PeakForce
QNM Tapping mode.

Figure 1: AFM image of a section of hair
fiber before treatment

Figure 2: AFM image of the same section
of hair fiber after treatment

Figure 3: Section analysis profile of Image 1

A DiaStron Miniaturer Tensile Tester MTT175 from Dia-Stron Limited, Hampshire, UK
was used to determine wet and dry combing
forces of hair tresses before and after the
respective conditioner treatments. The dry
combing force measurements were performed in an environmentally-controlled chamber at 60% RH and 22 °C.
A SAMBA Hair Color Imaging System from
Bossa Nova Technologies, Venice, CA was

4

Figure 4: Section analysis profile of Image 2
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Table I Results of AFM Section Analysis
Average Cuticle Height
(nm)

Average Cuticle Angle (°)

Average Surface Roughness
(nm)

sumer-perceivable performance for hair
shine and color vibrancy.

Before

After

Change
(%)

Before

After

Change
(%)

Before

After

Change (%)

Improvement in hair conditioning performance

243

205

-15.6+2.5

3.5

2.8

-20

265

250

-5.7

AFM Study of morphological and mechanical
properties of the hair surface

From Figure 2, it can be seen that edges/
gaps of cuticles were partially filled with
deposited oil films. The experimental results
in Table I show that deposited oil films reduced the average cuticle height by 15.6%
and decreased the cuticle angle by 20%. The
average surface roughness was reduced
about 15 nm (5.7%). It is apparent that the
hair surface was smoother after the treatment. Statistical analysis of these values
indicates that these differences are statistically significant with 95% confidence.
The surface deformation images of a section
of hair fiber before and after treatment with
hair spray are presented in Figures 5 and 6,
respectively. It can be seen that upon application of a nano-Newton force by the AFM
probe, the oil film (as a soft material) showed dramatically higher deformability than
the hair cuticle (as a hard material). Thus,
hair spray oil can be spotted on hair surface
by surface deformation mapping. The actual

deformation reading can be used to estimate oil film thickness. It was determined that
the sprayed oil formed an approximately ~
10 nm thick liquid film on the hair fiber
surface. The liquid gradually spread and
accumulated in cracks and on cuticle edges.
AMBA measurements
Average values of hair shine (L), HCVF, and
ACA of 5 dark brown or bleached hair tresses before and after the hair shine-spray
treatment were determined using a SAMBA
system. Three readings were taken on each
side of every tested hair tress, two tress
orientations (root to tip and tip to root) were measured, and a total of 12 values of
each parameter were averaged for each
tress. Percentage changes in each parameter
of every tested tress were calculated and
the average changes in 5 hair tresses were
calculated. The data are summarized in Table II.
It can be seen that the hair shine spray improved the hair shine value on virgin and
bleached hair on average by 12% and 44%,
respectively, and reduced the apparent
cuticle angle by 8.1% and 21.9%, respectively. The HCVF increased 18.9% and 48.6%,
respectively.

Figure 5:Surface deformation of
untreated section of hair fiber

an

Statistical analysis of these experimental
data showed the differences after the hair
spray treatment relative to before to be
significant with 95% confidence.
Subjective evaluations by panelists

Figure 6: Surface deformation of the
same section of hair fiber treated with

Subjective evaluations of hair shine and
color vibrancy were conducted by 25 panelists. 96% of the panelists confirmed that the
spray-treated hair tresses were shinier with
more vibrant color. From the above experimental results and these subjective evaluations, it is apparent that the nanoscale measurements provide a good indication of con-

Typical AFM 3D images of virgin dark hair
fibers before and after Q-91 conditioner
treatment are presented in Figures 7-1 and
7-2, respectively. Although we used the
exact same section of hair fiber for AFM
imaging before and after conditioning, the
images are slightly different due to the scanning process at different times and possible
environmental changes.
Figures 7-3 and 7-4 depict the surface roughness before and after the conditioner treatment. Ten hair fibers were used for image
analysis and nine profile lines were taken on
each hair image. A total of 90 values were
determined for the measured parameter. It
was found that the average maximum roughness of the treated hair surface is only 1.2
mm and that of the untreated surface 2.0
mm, indicating that the treated hair surface
was much smoother.
The foundation of material property mapping with PeakForce QNM is the ability of
the system to acquire and analyze the individual force curves from each tap that occurs
during the imaging process. To separate the
contributions from different material properties such as adhesion, modulus, dissipation, and deformation, it is necessary to measure the instantaneous force on the tip
rather than a time-average of the force or
dissipation over time, as is done in TappingMode PhaseImaging™. Peak Force QNM
mode AFM is used to obtain high resolution
of the mechanical properties of a scanned
surface, including the elastic modulus, deformation, adhesion force, and dissipation of
hair samples [5]. Figures 8-1 and 8-2 are
typical elastic modulus images of a virgin
hair fiber before and after the Q-91 conditioner treatment, respectively. “Particle Analysis” software was used to generate images
of the surface based on the difference in the
elastic modulus. Figures 8-3 and 8-4 present
the surface depositions for untreated and
treated hair surface. The untreated hair

Table II Results of SAMBA Measurements
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color indicated smaller deformation and
lighter color represents larger deformation.
The calculated results showed that the untreated hair surface had a maximum deformation of 0.54 nm, while that of the treated
hair sample was 2.24 nm. It is clear that the
deposited conditioner film made the hair
surface softer.

6

Figure 7-1:
AFM 3D image before conditioner
treatment

Figure 7-2:
AFM 3D image after conditioner treatment

Figure 7-3: Surface roughness before
conditioner treatment

Figure 7-4: Surface roughness after
conditioner treatment

surface showed a higher elastic modulus
(average 2.23 GPa) and almost no deposition
on the surface. The Q-91 conditioner-treated
hair surface showed a lower average elastic
modulus (1.04 GPa) and accordingly a large
deposition area on the surface (blue color).

virgin hair samples, respectively. The treated
hair surface exhibited a lower average adhesion force (1379 nN) and the untreated
surface a higher adhesion force (1883 nN).
This indicated that the treated hair surface
became more hydrophobic and had a lower
surface energy.

To determine the deposition of different
quats on different hair surfaces, Q-91 conditioner and BTMS conditioner were each
applied to virgin dark brown hair and
bleached hair, respectively. Ten hair fibers
each of virgin hair and bleached hair were
used for measurement and AFM imaging.
Three adjacent sections of each fiber were
used for the control (untreated), Q-91 condi-

Figure 9-1: Adhesion force before
conditioner treatment

The second important mechanical property
of hair surface is the adhesion force, which is
a measure of interactions (attractive force)
between the AFM probe tip and the hair
surface. If either the hair surface or the probe surface is hydrophilic, a capillary meniscus will typically form, leading to a higher
adhesion force (surface energy). Figures 9-1
and 9-2 show the adhesion force images of
untreated and Q-91 conditioner-treated

Another important surface mechanical property is the maximum deformation, defined
as the penetration of the tip into the surface
at the peak force. The measured deformation includes both elastic and plastic contributions. This property can also be converted to
the surface hardness. Figures 10-1 and 10-2
represent deformation images of untreated
and treated virgin hair samples. The darker

Figure 8-1: Elastic modulus before
conditioner treatment

Figure 8-2: Elastic modulus after
conditioner treatment

Figure 10-1: Deformation before
conditioner treatment

Figure 8-3: Particles before conditioner
treatment

Figure 8-4: Particles after conditioner
treatment

Figure 10-2: Deformation after conditioner
treatment

Figure 9-2: Adhesion force after
conditioner treatment
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Table III Surface Roughness and Mechanical Properties of Hair Surface

Change in surface energy after quat deposition

11-1

11-2

11-3

Figure 11-1: AFM 3D image of an untreated virgin hair fiber
Figure 11-2: AFM 3D image of a virgin hair fiber treated with Q-91
Figure 11-3: AFM 3D image of a virgin hair fiber treated with BTMS

12-1

12-2

Figure 12-1: AFM 3D image of an untreated bleached hair fiber
Figure 12-2: AFM 3D image of bleached hair fiber treated with Q-91
Figure 12-3: AFM 3D image of a bleached hair fiber treated with BTMS

tioner treatment and BTMS conditioner
treatment. The average mechanical properties of hair samples (sections) before and
after a specific conditioner treatment were
calculated using 10 fibers (sections). Typical
AFM 3-D images of different hair samples
with different conditioner treatments are
presented in Figures 11 and 12. The average
surface roughness and mechanical properties determined for all these hair samples
are summarized in Table III.
The results in Table III show that both Q-91
and BTMS were deposited on the virgin dark
brown hair and as well as on bleached hair
surface. Moreover, the deposited quat films
reduced hair roughness, made the hair
surface more hydrophobic (lower adhesion
force and surface energy), and less elastic
(higher deformation). The reduction in hair
surface roughness and adhesion force on
virgin hair was greater with Q-91 , but on
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12-3

Dynamic advancing contact angles of hair
fibers before and after the respective conditioner treatments were determined in deionized water, Di-iodomethane, in benzyl alcohol, respectively. These values were used
to calculate the surface energy of each single hair fiber [6]. The percentage changes
measured for 30 single fibers with the same
treatment were averaged to obtain the
average changes in surface energy of hair
fibers after the respective conditioner treatments. The results are summarized in Tables
IV and V and presented in Figure 13.
The surface energy of Q-91conditioner treated bleached and virgin hair was reduced by
29.06% and 31.77%, respectively, which
indicated that the Q-91 conditioner produced a similar reduction in surface energy
on both hair types. These results corresponded well with results on percentage changes
in the combing forces of Q-91 conditioner
treated bleached and virgin hairs. The average surface energy of bleached hair and virgin
hair treated with the BTMS conditioner decreased by 33.72% and 27.64%, respectively.
It is apparent that the BTMS conditioner
showed better conditioning performance on
the bleached hair with a damaged hair
surface. This is consistent with the combing
force reduction results.

bleached hair the reduction was greater
with BTMS. This can be attributed to their
different molecular structure and interactions with different hair surfaces. BTMS is a
cationic surfactant having one single C22
hydrocarbon chain and a positive-charged
quaternary head. Q-91 is di-behenyl imidazolinium methasulfate. Its positive charge is
distributed over a resonance structure of
three atoms (two nitrogen and one carbon),
which gives it a weaker charge density than
BTMS. Therefore BTMS interacts more
strongly with the damaged, negatively
charged surface of bleached hair. On the
other hand, Q-91 showed good deposition
on undamaged virgin hair surface. Since the
deposited Q-91 layer has a double C22 hydrocarbon chain towards the outside of the
hair surface, it probably showed higher deformation and a smaller elastic modulus Figure 13: Reduction in surface energy
after different conditioner treatments
than a single chain of the BTMS layer.

7

Salon – consumer perceivable evaluations

Table IV Change in Surface Energy of Conditioner-A/B Treated Bleached Hair

Table V Change in Surface Energy of Conditioner-A/B Treated Virgin Hair

Reduction in combing forces of hair of hair tresses after different conditioner
treatments were calculated. Figures 14-1
tresses
and 14-2 show the correlations between the
The surface energy reflects a microscale
change in surface energy and reduction in
surface property of a hair fiber; experimenwet combing forces of treated hair tresses.
tal data were derived from each single hair
fiber. The wet combing force is a macroscale It can be seen that the Q-91 conditioner
property of a hair tress (assembly); it is de- reduced the surface energy of both bleached
termined by interactions between hair fibers and virgin hair fibers to similar levels and
(and water) as well as between fibers and showed comparable conditioning perforcomb teeth. It is expected that the lower the mance on both hair types. The BTMS conditisurface energy is, the weaker the interac- oner produced a larger reduction in surface
tions between hair fibers and the smaller the energy on bleached hair fibers and demonstwet/dry combing forces between the comb rated better conditioning performance on
teeth and hair fibers should be.
bleached hair. The reduction in the surface
To study the correlations between the decrease in surface energy and reduction in
combing forces, bleached and virgin hair
tresses were treated separately with Q-91
conditioner and BTMS conditioner and percentage changes in the wet combing forces

energy of hair fibers corresponds well to the
decrease in wet combing forces of treated
hair tresses

Figure 14-1: Correlation between change in surface energy and
reduction in wet combing forces for Q-91 conditioner-treated hair
tresses

8

Forty panelists (20 persons with damaged
(dyed) hair and 20 persons with non chemical-treated (virgin) hair) participated in the
study. A half head test design was used for
the study: Q-91 conditioner and BTMS conditioner were applied to the panelists’ wet
clean hair on the left and right side, respectively. Then the conditioners were rinsed out
and the hair was blow-dried. The hair was
evaluated for a total of 10 wet and dry attributes (detangling, wet combing, wet feel,
dry combing, dry feel, dry sheen, bounce/
body, softness, volume and spreadability) on
a scale of 1 to 10 (10 is the best). The average scores were calculated for the 10 attributes.
The results of the salon evaluations indicated that BTMS demonstrated better ‘wet
feel’ and ‘volume’ on colored hair than the Q
-91 conditioner; Q-91 showed better ‘dry
feel’ and ‘softness’ on virgin than the BTMS
conditioner. In general, there were no significant differences in conditioning performance observed between the Q-91 conditioner and BTMS conditioner on either colored
or virgin hair.

CONCLUSIONS
The AFM PeakForce QNM 3-D imaging technique was used successfully to study hair
surface smoothness and quat deposition.
Deposited thin films of quats on hair
surfaces were validated by images and changes in surface morphological and mechanical
properties.
Nano-characterization of hair smoothness
provided a good indication of hair shine: the
smoother the hair surface, the shiner the
hair and higher the Hair Color Vibrance Factor. Objective measurements of hair shine

Figure 14-2: Correlation between change in surface energy and
reduction in wet combing forces for BTMS conditioner-treated hair
tresses
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and HCVF demonstrated good agreement
with consumer-perceivable performance.
Quat deposition depends on both the hair
surface condition (damaged or undamaged)
and the molecular structure of the conditioner used. The BTMS conditioner with a higher molecular charge density showed better
deposition on the surface of damaged hair
than did the Q-91 conditioner, which has a
delocalized charge distribution in the
molecule [7]. The deposited quat films made
hair surfaces smoother, more hydrophobic,
and softer. They also reduced the surface
energy and made the hair easier to comb.
The reductions in surface energy of treated
hair fibers correspond well with the decreases in wet combing forces of treated
hair tresses.
Results of consumer perceivable evaluations
showed a comparable conditioning performance of both conditioners on virgin and
colored hair.
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ABSTRACT
Natural ingredients from plants, marine or
microbial organisms are a precious source of
biologically active metabolites for the development of new cosmetics. However, the chemical complexity of these extracts still requires time-consuming multi-step separation
and purification procedures to determine
their chemical composition. New approaches
for the direct analysis of metabolites within
mixtures are currently the focus of intense
research efforts, not only to save purification
time and burden, but also to assess the potential synergistic effects between compounds. This document presents an overview

INTRODUCTION
Despite the difficult economic context in
many occidental countries, the cosmetic industry currently remains a thriving sector,
with predominant markets in Western Europe, North America and the Asia Pacific [1]. All
companies constantly invest in research
efforts for the development of new active
and innovative ingredients, originally designed formulations, as well as reliable testing
models. These steps are crucial because they
demonstrate the originality, effectiveness
and safety of the final products and allow a
competing group to differentiate itself from
the others in order to fulfill profitability objectives.
A wide diversity of natural extracts from
microbial, plant or marine sources are appearing on the market at an exponential rate
because natural species are able to produce
unique secondary metabolites covering numerous chemical classes and exhibiting distinct physicochemical and biological properties. For instance a range of natural polysaccharides, such as β-glucans from yeast, bacteria, seaweeds or cereals, chitosan from the
exoskeleton of crustaceans and levans from
plants or microorganisms, are currently used
in moisturizing creams for their emollient,
filmogenic, and even anti-inflammatory properties [2-4]. Other natural metabolites inclu-
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of modern strategies which are currently
used for the chemical characterization of
natural mixtures and promise significant
achievements in the cosmetics area. In particular a recently developed dereplication method is described which combines chromatographic, spectroscopic and data mining tools
for the analysis of natural metabolite mixtures without purification of each individual
substance. This approach was designed for
an early application in cosmetics when the
chemical characterization of natural active
ingredients is subjected to increasing regulatory constraints. Its principle consists in rapidly generating a series of simplified fractions from a crude natural extract by centri-

fugal partition extraction, with each fraction
subsequently analyzed by 13C NMR. After
automatic collection and binning of all 13C
NMR signals across the spectra of the fraction series, the resulting data set is subjected
to hierarchical clustering analysis for pattern
recognition. Strong signal correlations caused
by the same structure in different fractions
are directly visualized as clusters and subsequently assigned to a molecular structure
using a natural metabolite database. Using
two real-life examples we show that this
approach presents a significant breakthrough
for the rapid characterization of natural active ingredients.

ding fatty acids, amino acids and protein
hydrolysates are also promising candidates to
improve skin elasticity [5], not to mention
phenolic compounds, which are wellrecognized for their keratolytic, purifying and
antioxidant properties in addition to their
astringent, anti-inflammatory and antimicrobial activities [6, 7].

cals (REACH) program, focused on environmental and health impacts of cosmetic product manufacturing [10]. Of course, in the
case of natural extracts made of mixtures of
metabolites, which may or may not act in
synergy and some of which being potentially
problematic from the safety point of view, all
these constraints imply that the metabolite
profile of natural ingredients must be fully
characterized or at least perfectly controlled
through standardization. Finally, it should be
mentioned that the better the chemical profile of a natural ingredient is known, the more
the industry that commercializes this ingredient brings added value to the final product
and meets customer’s expectations.

However, the increasing use of natural ingredients in the cosmetic industry faces to several major issues due to their complex chemical
composition. Firstly, the characterization of
metabolite mixtures in natural extracts
remains difficult to achieve, reference substances are most of the time unavailable for
analytical comparison and biological data
regarding their mechanism(s) of action are
scarce [8]. Secondly, some constituents of
natural ingredients may exhibit damaging
properties, most often skin sensitization, eye
irritation, genotoxicity, mutagenicity or UVinduced toxic effects [9]. Consequently, one
of the key steps during the development of a
cosmetic formulation besides acquiring a
thorough knowledge about all metabolites is
to guarantee their safety and time stability.
In this context, strict regulatory guidelines for
the marketing authorization of cosmetics are
gradually emerging together with the recent
directives around the Registration, Evaluation, Authorization and Restriction of Chemi-

In practical terms, fully characterizing a natural ingredient in a reasonable amount of time
presently remains a very hard task. Even
though modern analytical and purification
techniques are routinely available in most
academic laboratories, considerable work
taking several days or even several weeks or
years is still necessary to systematically isolate individual constituents from crude mixtures and subsequently elucidate their
molecular structure. In addition to be timeconsuming, such a classical approach requires
abundant human and technical resources and
is thus economically unrealistic for the cosmetic industry.
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As all scientists involved in natural product
research (Agriculture, Nutrition, Health… …)
share the same concerns regarding the chemical characterization of natural extracts,
great investments have been made over the
last years to develop more efficient fractionation, purification and analytical methods, as
well as their combination with bioinformatics
tools or inclusion in more integrative strategies.
This article provides an overview of the recent strategies for the chemical characterization of natural mixtures that are interesting
for the development of cosmetic ingredients.
In particular, a recently developed 13C NMRbased dereplication strategy combining chromatographic, spectroscopic and data mining
tools will be described and illustrated by two
real-life examples of natural cosmetic ingredients.

STRATEGIES FOR CHEMICAL
CHARACTERIZATION OF
NATURAL MIXTURES
Metabolite profiling
Procedures known as “metabolite profiling”
may help to meet some of the objectives,
even though the complete chemical characterization of natural cosmetic ingredients
remains a difficult task. Metabolite profiling is
defined as the systematic identification and
quantification of a range of compounds. Depending on the final purpose and the analytical technique(s) available, it can be performed either as a “fingerprint analysis” where
all detected metabolites are not necessarily
identified or as a “targeted screening” where

a predefined number of compounds or a thus more easily quantified. Ideally, both
particular chemical class of compounds is chemical and biological markers should be
covered (Figure 1).
rigorously selected and clearly differentiated
to rationally achieve the standardization of
Fingerprint analyses are currently very com- natural active ingredients.
mon non-targeted approaches to assess the
quality of natural ingredients that must be Targeted screening of natural extracts conchecked for authentication, contamination, sists in analyzing a predefined group of
identification of the active substances or known metabolites. In the context of cosmesafety validation. These procedures are based tics such an approach can be used to deteron the fact that each natural extract, alt- mine the presence of a particular chemical
hough highly complex, contains secondary class in natural ingredients, as was done remetabolites which are specific to the species cently by 1H NMR to screen fatty acids in
under study. During analytical data capture, microalgae for functional health product
the set of signals corresponding to these development [13]. A targeted screening
specific metabolites becomes a chemical enables also assessment of the toxicological
fingerprint and the most characteristic signals risk arising from the presence of particular
can be selected as “chemical markers”. Of molecular structures in an ingredient. For
course, variability of their content in natural instance, the screening of coumarin derivatiraw materials is inevitable due to inherent ves, which are widely employed as fragrances
factors such as genotypic variability or gro- in cosmetic products, has recently proven to
wing conditions like climate and soil type be important due to high skin absorption
[11]. By tracking chemical markers over diffe- levels and possible irritation disorders follorent steps of the manufacturing process a wing topical applications of particular coumafingerprint analysis can serve to control this rin-derived substances [14].
variability and minimize the potential composition heterogeneity of the final ingredient Metabolite profiling analyses in the cosmetic
from one batch to another. This process industry are most frequently performed by
forms an integral part of the standardization thin layer chromatography (TLC) or its upof cosmetic ingredients, a major task which is graded version, high performance thin layer
absolutely necessary to adjust the concentra- chromatography (HPTLC), because of their
tion of the active substances and ensure a quickness, moderate cost, and automation
capabilities [15]. Infrared (IR) spectroscopy
reproducible quality of the final products.
can also be used to rapidly assess the presenIt should also be noted that the chemical ce of particular functional groups in samples.
markers of a cosmetic ingredient theoretical- This technique requires no extraction, is nonly correspond to the biologically active sub- destructive and rapid, and is thus highly suistances. However, sometimes the amounts of ted for the analysis of a high number of natumarkers are not consistent with the biological ral samples, for instance, to compare diffeactivity [12]. This can happen when a marker rent batches of raw materials, assess the
is selected only because it is among the ma- presence of contaminant or predict the conjor constituents of the natural extract and centration of particular classes of constituents [16].

Figure 1 Schematic workflow of metabolite profiling approaches
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Other more sophisticated analytical systems
such as high performance liquid chromatography (HPLC) or gas chromatography (GC)
hyphenated to ultraviolet (UV) detection,
mass spectrometry (MS) or nuclear magnetic
resonance (NMR) may also be employed to
perform metabolite profiling analyses [17].
They can be used just to check the identity,
quality and stability of active ingredients by
fingerprinting or chemical marker tracking
but also offer the possibility to elucidate the
structure and/or quantitatively measure the
content of phytochemical constituents in
natural ingredients. Among the most recently
developed post-genomic technologies, metabolomics has also emerged as a valuable tool
for the metabolic profiling of natural extracts.
Such an approach aims to qualitatively or
quantitatively analyze the whole set of metabolites present in biological systems by com-
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bining state-of-the-art spectroscopic instruments, bioinformatics tools and metabolite
databases [18]. In the field of natural products, metabolomics has been primarily used
to control the quality of herbal medicines,
assess the toxicological profile of natural
substances, evaluate the chemical differences
between plant species or determine correlations between bioactivity and composition
[18-20]. Its application to cosmetics might
thus be significant for assessing the chemical
profile of natural active ingredients.
Bioactivity-Guided
Screening

Natural

Product

Another commonly used strategy for the
chemical characterization of natural extracts
refers to the so-called “bioactivity-guided
fractionation” procedures in which biological
assays are performed to target the isolation
of bioactive constituents (Figure 2). They
initially were developed to avoid wasting
time and resources considering inactive, arbitrarily implied “uninteresting” compounds,
and thus to focus only on the fractions or
metabolites with a selected biological activity
[21].
Once active fractions have been found by
biological evaluation, classical separation and
analytical techniques are then applied to
isolate and structurally elucidate the individual active substances. Use of such procedures has become very common for the investigation of natural ingredients, and a range of chemical, enzymatic and in vitro biological tests (e.g. antioxidant, antimicrobial, antifungal, anti-inflammatory) are today available
[22]. Mostly based on UV absorbance measurements, these assays are generally fast, easy
to operate, sensitive, and do not require
large quantities of materials. Most of them
can be fully or partly automated. TLC-based

bioautography has been also reported as a
useful and cost-effective technique for a preliminary biological screening of natural
extracts [23]. Of course in vivo models would
result in more consistent data regarding biological activities of natural extracts but their
use is limited by economic and ethical concerns, particularly the use of animal models
or tissues, which is severely restricted in the
field of cosmetics.
It should also be noted that bioactivityguided fractionation procedures are based on
the theory that the activity shown by a mixture of metabolites results directly from the
sum of activities of the individual metabolites. However, it is becoming evident that the
biological effects of a natural extract most
likely result from a multi-component synergism [24, 25]. As a consequence, the major
drawback of bioactivity-guided fractionation
procedures arises from the frequent loss of
activity after metabolite separation. Other
limitations have been reported for bioactivity
-guided fractionation procedures including
the frequent rediscovery of already known
compounds, poor solubility of the separated
constituents in the bioassay medium, difficulty in separating very polar active fractions
and irrelevance of most in vitro bioassays to
in vivo or clinical conditions regarding either
the efficacy or bioavailability of the samples
under examination [26]. In addition, nothing
is known about the active constituents of a
large number of natural extracts. Potentially
interesting compounds may also be missed
just because they are not active in the selected bioassays.

The term “dereplication” refers to the rapid
detection and identification of known structures in crude molecular mixtures. These
strategies consist of i) capturing spectral fingerprints of a sample series with a high resolution analytical system, ii) highlighting spectral similarities, patterns or discriminant signals across samples with appropriate algorithms or data mining tools [27], and iii) elucidating metabolite structures with the help of
spectral libraries (Figure 3). These strategies
are increasingly used in natural product research and provide interesting perspectives for
the cosmetic industry because they don’t
require huge time or technical resources [28].
Currently, the analytical step of a dereplication strategy entails mainly performing liquid
chromatography-mass spectrometry (LC-MS)
or nuclear magnetic resonance (NMR), with
each providing specific advantages with
respect to sensitivity, reproducibility, resolution or sample preparation [29-32]. The
Dereplication strategies in natural pro- strength of the procedure always relies on
the integration of the obtained spectra and
duct research
computational treatments in order to detect
The two previous sections provide evidence
spectral patterns, correlations and/or discrithat metabolite profiling and bioactivityminations between signals across the samp-

Figure 2 Schematic workflow of bioactivity-guided fractionation
procedures
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guided fractionation procedures may be
useful strategies to partly address the issues
related to the chemical characterization of
natural ingredients. These approaches utilize
different tools to address the topic in different ways, but they share significant common
limitations, the two major ones being that
many metabolites contained in the investigated extracts remain unidentified and the vast
majority of recovered metabolites identified
after important time-consuming work correspond to already known structures. Great
research efforts in progress to avoid this frequent problem of ‘‘rediscovery’’ of known
structures have led to the development of
novel promising dereplication methods.

Figure 3 General workflow of natural extract dereplication approaches
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les under investigation. Once relevant
molecular skeletons have been highlighted,
comprehensive databases containing structural features and spectral assignments are
finally used to search for, match and identify
the metabolite structures.

IDENTIFICATION OF METABOLITES IN NATURAL COSMETIC INGREDIENTS:
A PROMISING PATTERN
RECOGNITION
STRATEGY
BASED ON 13C NMR
Here, we would like to present in more details a recently developed 13C NMR-based
dereplication strategy which was specifically
designed for an early application in cosmetics. The methodology is illustrated by two
real-life applications to plant extracts which
are currently exploited as cosmetic and per-

fume ingredients.
General strategy
The first step of this dereplication method is
to produce a series of successive fractions
from a crude extract using a liquid-liquid
separation system, thus exploiting the predictable wide polarity range of metabolites in
the extract. In a second step, the fractions
with simplified chemical composition are
analyzed by 13C NMR. To date, the use of 13C
NMR for profiling plant extracts has remained largely unexplored mainly because of its
low detection sensitivity. However, 13C NMR
provides strong advantages for the analysis
of complex mixtures because carbon atoms
represent a significant part of all organic
molecules. In addition, each 13C position in a
structure corresponds to a single signal in a
13
C NMR spectra and the 13C NMR spectral
window is large enough to obtain a good
signal dispersion and reduced overlaps unlike
what is frequently observed in 1H NMR

spectra of natural products. Moreover, high
magnetic field NMR spectrometers and cryogenic probes today enable the acquisition of
13
C spectra with good sensitivity in a
reasonable time. In a third step, all detectable 13C signals in each fraction are collected
and aligned across all spectra of the fraction
series. The principle is to divide the 13C spectral width (from 0 to 200 ppm) into regular
bins (δ = 0.2 ppm) and place the absolute
intensity of each 13C peak in the corresponding bin. Hierarchical clustering analysis
(HCA) is then performed in the resulting table
in order to highlight the statistical correlations within the whole dataset. HCA is an unsupervised pattern recognition method enabling the detection of chemical shift similarities within the fraction series. As a result,
statistically correlated “13C signal groups”
belonging to the same molecular structure
are visualized in a dendrogram as clusters.
Each cluster is finally assigned to a molecular
structure with the help of a 13C NMR data-

Figure 4 Natural extract dereplication strategy based on 13C-NMR pattern recognition
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base that contains the structures and predicted 13C NMR chemical shifts of all the compounds found in the literature for the organism (plant, marine extract, bacteria, etc.)
under examination. The global workflow is
illustrated in Figure 4, and the methodology
was described in detail in a recent paper [33].
Example 1: Chemical dereplication of a
crude bark extract
The strategy was firstly applied to a crude
bark extract of the African tree Anogeissus
leiocarpus Guill & Perr (Combretaceae). The
bark and leaves are traditionally used as an
antimalarial remedy [34]. In European countries, the ethanol-soluble fraction of the bark
has found applications in the cosmetic industry as a skin protective ingredient [35]. As
in most bark extracts, tannins are predominant in the ethanol-soluble part (» 80 % w/
w). However, a range of other potentially
interesting compounds may also be present
in significant amounts. The objective here
was thus to rapidly identify these minor compounds in order to assess the global composition of the extract.

data, exactly as described above, resulted in
the formation of several well-defined chemical shift clusters, as visible in Figure 5. The
HCA map was composed of 19 columns corresponding to the successive CPE fractions
and 241 rows corresponding to the 13C chemical shift values detected in at least one
fraction. Clusters of 13C chemical shifts were
finally assigned to their corresponding
molecular structures with the help of a locally
built 13C NMR chemical shift database, resulting in seven unambiguously identified compounds, namely sericoside, trachelosperogenin E, ellagic acid, an epimer mixture of (+)gallocatechin and (-)-epigallocatechin, 3,3’-diO-methylellagic acid 4’-O-xylopyranoside, 3,4,3’-tri-Omethylflavellagic acid 4’-O-glucopyranoside, and
3,4,3’-tri-O-methylflavellagic acid, respectively.

This first example demonstrates that despite
its inherently low sensitivity 13C NMR integrated with appropriate data mining tools
is efficient for the characterization of natural
metabolites in complex mixtures. Combining
a rapid multigram-scale fractionation method
with 13C NMR and HCA visualization of the
whole dataset resulted in direct recognition
of chemical shift clusters even for substances
In a single 95 min run, 5 g of the crude
of very similar structure.
extract were first fractionated by centrifugal
partition extraction (CPE), resulting in a series
Example 2: Chemical dereplication of
of 20 simplified fractions of decreasing polaridepsides from the lichen Pseudevernia
ty. CPE is a solid support free liquid-liquid
separation technique directly derived from furfuracea
centrifugal partition chromatography (CPC)
and which can selectively produce simplified
mixtures of natural compounds from crude
extracts on a multi-gram scale and in a short
time [36]. The water-soluble tannins were all
recovered in the last fraction which was not
taken into account for the spectral data classification. The mass of each recovered fraction (at least 20 mg) was largely sufficient to
achieve 13C NMR spectra acquisition within
10 min. Running HCA on the aligned 13C NMR

The objective here was to use the same
above-described 13C-NMR-based dereplication strategy to characterize depsides and
depsidones from P. furfuracea directly in
mixtures in an attempt to avoid extensive
purification steps while maintaining metabolite structure integrity. Since depsides can be
protonated or deprotenated by varying the
pH, a pH-zone refining method was developed using centrifugal partition chromatography (CPC) to fractionate the initial crude
sample [38, 39]. The metabolites recovered
as simplified mixtures in the CPC-generated
fractions (n=12) were analyzed by 13C NMR
and the spectral data were aligned across
fractions. HCA was subsequently applied to
the whole dataset, resulting again in efficient
clustering of 13C NMR signals, as shown in
Figure 6. Each cluster was assigned to its
corresponding molecular structure by searching the locally developed 13C NMR database of depsides and depsidones. The search
revealed six unambiguously identified compounds, namely methyl β-orcinolcarboxylate,
atranorin, 5-chloroatranorin, olivetol carboxylic acid, olivetoric acid and olivetonide.
This second example again demonstrates
that the workflow based on 13C NMR chemical shift pattern recognition is effective for
rapid characterization of prefractionated
plant extracts [38].

Pseudevernia
furfuracea
(L.)
Zopf
(Parmeliaceae) is a well-investigated foliose
lichen growing on the bark of coniferous
trees and widely used in the perfume industry as a fragrance or for the preservation of
odors [37]. As most lichens, this species produces a diversity of secondary metabolites, CONCLUSION
among them the depsides, which are compriCurrently, great interest in the use of natural
sed of two or more hydroxybenzoic acid units
active ingredients has been expressed in the
linked by ester, ether or C-C-bonds. During
cosmetic industry. Their use, however,
classic solid support-based purification proremains strongly hampered by their complex

Figure 5 13C NMR chemical shift clusters obtained from the crude
bark extract of Anogeissus leiocarpus
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cesses, depsides are often hydrolyzed and in
many cases time-consuming procedures result only in isolation of the decomposition
products and thus in misidentification of the
native structures.

Figure 6 13C NMR chemical shift clusters obtained from a crude
lichen extract (Pseudevernia furfuracea)
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chemical profiles, which are difficult to characterize and standardize. We have seen in this
overview that a range of analytical strategies
have been developed over the last years to
address these characterization issues. Among
them, fingerprint analyses and bioactivityguided fractionation procedures remain by
far the most commonly used approaches.
With the technological advances in off-line
hyphenation of analytical systems with computational treatments and data mining tools,
promising efficient methods are continually
emerging. However, efforts need to be
sustained to make these dereplication strategies routinely applicable in the cosmetic industry, in particular with regard to spectral
libraries (MS or NMR), which today are widely fragmented and scattered as “locally
built” databases in many academic and private laboratories.
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INTRODUCTION
Cellulite is an important concern affecting a
majority of women dreaming of a perfect skin
appearance and body shape. This phenomenon refers to a local alteration of the skin
which acquires a characteristic unappealing
and uneven skin aspect usually described as
an orange peel or a mattress appearance.
Cellulite is a complex pathology which affects
at least 85% of post-pubertal women [1, 2] and
is commonly seen in thighs, hips, and
buttocks but can also affect other areas including the abdomen. The underlying causes
of cellulite can be found in the number, size
and conformational arrangement of the adipocytes (fat cells) localized beneath the dermis and within the surrounding collagen matrix and aqueous environment [3]. Cellulite
occurs when too many adipose cells reach an
excessive size due to their large lipid content,
or are hypertrophied. When this phenomenon reaches a certain stage, the hypertrophy
induces compression of the blood vessels
resulting in reduced blood flow and water
infiltration in the hypodermis [4]. Hormones
are also known to play a significant role in the
appearance of cellulite [5]: estrogen stimulates lipogenesis (synthesis of triglycerides
within adipocytes) and inhibits lipolysis
(breakdown of lipids and hydrolysis of triglycerides into free fatty acids and glycerol release), which finally results in an increase of
adipocyte size.
A new, natural ingredient shows interesting
activities at the adipocyte level. It is extracted
from the seeds of Papaver rhoeas, better
known as corn poppy, corn rose, field poppy,
red poppy or coquelicot. Abundant in nature,
this plant has between 50 and 120 different
known species worldwide. The flower is large
and showy, with four vivid red petals, most
commonly seen with a black spot at their
base. The red wild form is often grown as an
ornamental plant but this is not its only application: petal extracts are said to be able to
soothe coughs and seeds can be used as a
food ingredient or for oil production [1, 6].
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The search for new, natural and sustainable
cosmetic active ingredients encouraged us to
evaluate the potential of Papaver rhoeas
extract for cosmetic use. Existing in vitro and
ex vivo studies have demonstrated that Papaver rhoeas extract is able to inhibit the activity of the specific enzyme glycero-3phosphate dehydrogenase (G3PDH) and
boost the release of free fatty acids, leading
to a proven decrease in size of adipocytes [7].

ABSTRACT

The intention of this paper is to report the in
vivo efficacy of a natural active ingredient
based on the seeds of a special poppy species. This Papaver rhoeas extract can significantly increase skin blood micro-flow and
flatten the dermo-hypodermal junction, leading to a visual improvement of cellulite conditions. The study confirms the outcome of
several in vitro and ex vivo investigations in
which the extract displayed both prevention
of lipogenesis and activation of lipolysis. This
EXPERIMENTAL
set of results demonstrates that this natural
ingredient may offer an attractive option for
Materials and methods
the design of skin firming, skin shaping, face
Flowers of Papaver rhoeas are cultivated in contouring or anti-cellulite cosmetic products.
Europe and North America. The seeds, provided by Greenpharma S.A.S., Orleans,
France, are processed via a supercritical CO2 (identical to the verum except for the poppy
extraction with ethanol as cosolvent. This extract) (Figure 1). Both creams contained no
process is classified as a sustainable approach other known anti-cellulite actives such as
because it is physiologically harmless and caffeine. The test was carried out according
environmentally friendly CO2 can be recycled to the Declaration of Helsinki on 22 Caucawithin the production plant. After evapora- sian female volunteers, average age 46.0
tion of the cosolvent, a standardized extract years. Volunteers were informed of the naof Papaver rhoeas is obtained under given ture, purpose and risk of the study and gave
process conditions. The lead component of their written consent before participating in
the extract is linoleic acid in a concentration the test. The selection of volunteers was
range between 69 – 85%. Other components carried out according to previously agreed
include oleic acid, palmitic acid and other inclusion criteria including age (18 to 60
saturated fatty acids bound or in free form. years), Body Mass Index (less than 30), presAlthough the poppy species Papaver rhoeas ence of cellulite on their thighs and/or gluteis not known to contain any alkaloids, the us (degree 1 to 3 according to Nurnberger
seed extract was nonetheless analyzed and and Muller scale with evaluation done by
found to be free of alkaloids. To obtain a pinch test [9, 10]) and commitment not to use
ready-to-use, easy-to-formulate cosmetic additional anti-cellulite treatments - either
active ingredient, the poppy seed extract is topical and/or systemic - for the duration of
then mixed with a suitable cosmetic oil (INCI: the study.
Caprylic/Capric Triglyceride). The final ingredient is a clear oil containing 10% Papaver Products to be tested were applied to the
rhoeas extract.
volunteers’ thighs and gluteus. The particiTo enrich the set of in vitro and ex vivo data,
a randomized double-blind clinical study was
conducted for 56 days to investigate the efficacy of Papaver rhoeas extract in treating
cellulite inesthetisms [8]. An oil-in-water
emulsion containing 0.1% Papaver rhoeas
extract was compared with a placebo cream

pants were asked not to wash their thighs for
2 hours before the measurements and not to
apply any products for 12 hours before the
baseline visit. Participants applied the active
emulsion twice a day for 8 weeks to one
thigh and the placebo emulsion to the other
thigh. The side of application of the two
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emulsions (left or right) was randomized
among the volunteers: each sample was labeled “right” or “left”, indicating the side of
application of the product. The assignment of
subject number and subsequent placement
on the randomization chart were made in the
order of appearance at the study center on
the first day. The products were given to the
subjects in anonymous containers that provided no information about the treatment.

Three suction/release cycles are performed
profile
on the same point and are plotted in axes  Parameter Rz: average maximum roughwhere the deformation of the skin (expressed
ness (average difference between the
in mm) is a function of time (expressed in
highest and lowest point in five sections of
seconds). Deformation parameters relating to
the profile).
the elastic features of the skin can then be
Ra and Rz are reported in units of brightness
measured. The following parameters have to
(grey levels) ranging from 0 to 255. The effibe considered:
cacy of the product in improving skin
smoothness is evidenced by a decrease in Ra
 Parameter R0 is the maximal deformation
and/or Rz values at the end of the treatment.
of the skin (noted Uf). The smaller the
The extent of anti-cellulite efficacy was asvalue, the better.
Skin blood micro-flow
sessed by the skin firmness and skin elasticity

Parameter R2 is the overall elasticity. It is
®
The blood micro-flow is measured by means
(Cutometer MPA 580 by Courage + Khazaka
equal to the ratio Ua / Uf where Ua is the
of a computerized laser Doppler device. A
Electronic GmbH, Cologne, Germany), skin
total deformation recovery at the end of
laser light, carried by an optic fiber probe, is
replicas and image analysis (Quantilines softthe stress-off period. The closer the value
partially reflected and partially absorbed by
ware from Monaderm (SAM), Monaco), skin
is to 1, the more elastic the skin.
the examined tissue. The light hitting the
blood micro-flow measurement (laser Doppler device Periflux PF4001 from Perimed AB,  Parameter R6 is the viscoelastic ratio Uv / moving hematic cells is subject to wavelength
Ue, where Uv is the viscoelastic creep oc- variation (Doppler effect), while the light
Järfälla, Sweden) and measurement of the
curring after the elastic deformation and hitting static bodies does not change its
length of the dermo-hypodermal junction
Ue is the elastic deformation obtained wavelength. The power and frequency distri(high frequency ultrasound scanner Dermas®
during the stress period. The smaller this bution of the wavelength variations is correcan C Ver.3 from Cortex Technology, Hadvalue, the higher the skin elasticity.
lated to the number and the speed of the
sund, Denmark). Furthermore, digital images
hematic cells, but not to their direction. The
of the volunteers were taken at each control
Skin smoothness
relative information is picked up by a return
time (Fotofinder Dermoscope® Ver. 2.0 from
Fotofinder Systems GmbH, Bad Birnbach, Negative imprints of the skin surface (skin optic fiber, converted into an electronic sigGermany). At the beginning of the test and replicas) are obtained by allowing a fast hard- nal, and analyzed. The perfusion is expressed
after 4 and 8 weeks of treatment, instrumen- ening synthetic polymer to dry on adhesive in Perfusion Units (P.U.), which are arbitrary
tal evaluations were carried out on the discs. The skin replicas are then analysed by units of the laser Doppler device. The higher
thighs, below the fold of the gluteus. All an image-processing software which allows a the value, the greater the blood flow is.
measurements were done in a temperature global data analysis of some relief parameand humidity controlled room (24 ± 2 °C; 50 ± ters. Each silicone replica of the cutaneous Length of the dermo-hypodermal juncsurface is illuminated by a light source with a tion
10 % R.H.).
defined incident angle (35°) in order to geneThe use of a high-resolution scanner emitting
rate shadows: the higher the furrows, the
Skin elasticity
high-frequency ultrasound (20MHz) allows
wider the shadows. An image covering a 12 x
The cutometer is a device which measures
observation of the tissue down to a depth of
9 mm area of each skin replica surface is
the vertical deformation of the skin when
15 mm with 60 µm axial and 200 µm lateral
acquired with a high performance CCD video
sucked into the opening of a measuring
resolution. The device is based on the physicamera. The software allows measurement of
probe by a constant level of depression (350
cal principle of ultrasound emission by a
the following parameters:
mbar) for an established time (1 second). The
transducer. When an ultrasound beam reachair depression is then annulled and the rees the skin, it goes through structurally differ Parameter Ra: average roughness of the
leased skin can return to its original position.
rent sections, since the beam is partly transmitted and partly reflected by the limiting
areas of the adjacent skin sections. Echo
sounds of different amplitude are thus generated. Their intensity is then assessed by a
microprocessor and shown on the screen.
The intensity of the reflection is expressed by
means of a scale of grey shades or pseudo
colors, where the color changes according to
the intensity of the reflected signal: white >
yellow > red > green > blue > black. For example, a heterogeneous body generates numerous echo sounds and is therefore displayed
in white, while a homogeneous one does not
generate echo sounds and is displayed in a
dark shade. Analysis of the images provides
some information on the structural and morphologic characteristics of the different skin
structures (epidermis, dermis and hypodermis). The parameter length of the dermohypodermal junction (in millimeters) is meaFigure 1: Composition of the placebo and the test formulation with Papaver rhoeas extract
(verum).
sured for each ultrasound images. In case of
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cellulite, the excess subcutaneous fat bulges
into the dermis (protrusion of adipose tissue
toward the dermis). This phenomenon is
called “herniation of the dermo-hypodermal
junction”. The efficacy of the treatment is
shown by a linearization of the dermohypodermal junction and thus a decrease of
its length.
Statistical analysis
Mean values, standard deviations, variations
and percentage variations were calculated
for each set of values. The instrumental data
(T0, T4weeks and T8weeks) were statistically
compared by means of repeated measures
ANOVA and Bonferroni Test for dependent
and parametric data, while the variations
were statistically compared by means of ttest for parametric and dependent data
groups. The groups of data were considered
statistically different for a probability value p
< 0.05.

RESULTS AND DISCUSSION
Because one person dropped out of the study
for reasons unrelated to the products used,
the results refer to 21 volunteers. The in vivo
results are based on an 8-week period with
control times at the beginning and after 4
and 8 weeks of treatment.
Skin elasticity
At both control times application of an emulsion containing 0.1% of Papaver rhoeas extract to human volunteers induced statistically significant improvements (p<0.05) in all
three viscoelasticity parameters (decrease of
maximal deformation R0 and viscoelastic
ratio R6, increase of overall elasticity R2),
whereas the placebo could only improve
parameter R2 representing the overall elasticity. These results highlight an improvement
in the biomechanical elasticity of the skin
when treated with the test product. The skin
can recover its structure better after deformation and can be considered firmer than
before.
Skin smoothness

Skin blood micro-flow
Unlike the placebo cream, which after application had no statistical influence on this
parameter, the emulsion containing 0.1% of
Papaver rhoeas extract induced a statistically
significant increase (p<0.01) after 4 and 8
weeks (increase by approx. 10% and 16%
respectively) relative to the baseline. Moreover, comparison of the active product and the
placebo showed a statistically significant
difference after 8 weeks of treatment
(p<0.05) (Figure 2). Stimulation of microcirculation is considered a key parameter in cellulite treatment. It is believed to be the first
step in fighting cellulite, as it activates the
removal of accumulated fluids and toxic elements. Moreover, it can improve the interstitial matrix basal regulation and fibroblast
activity, and decrease interstitial edema, with
a subsequent increase in lipolysis and a
better oxygen supply and nutrition of the
adipose tissue [11].

Figure 2: Evolution of skin blood micro-flow
(P.U.) after 4 and 8 weeks of treatment with an
emulsion containing 0.1% Papaver rhoeas
extract or with a placebo cream (*=p<0.05;
**=p<0.01)

Length of the dermo-hypodermal junction
The study showed a linearization of the dermo-hypodermal interface, with a statistically
significant decrease in its length after 8
weeks (p<0.01) in the area treated with the
cream with 0.1% of Papaver rhoeas extract.
Application of the placebo emulsion did not
induce any significant variation in the measured parameter. Furthermore, the statistical
comparison between the active product and
the placebo evidenced a statistically significant difference after 8 weeks of treatment
(p<0.05) (Figure 3).
The efficacy of the treatment with an emulsion containing 0.1% of Papaver rhoeas could
in addition be depicted using ultrasound images. After 4 and 8 weeks, the dermohypodermal junction became visibly flatter
(Figure 4). This was linked with a decrease in
the number and/or size of excess subcutaneous adipocytes that were bulging into the
dermis and thus extending the length of the
junction.

Figure 3: Evolution of the length of the
dermo-hypodermal junction (mm) after 4
and 8 weeks of treatment with an emulsion
containing 0.1% Papaver rhoeas extract or
with a placebo cream (*=p<0.05; **=p<0.01)

Digital imaging
Instrumental measurements showed the
positive impact of the poppy seed extract in
fighting cellulite inesthetisms by an improvement in a wide range of parameters. These
measurements could be confirmed by additional digital imaging which provided immediate insights into the evolution of the volunteers’ skin aspect. A closer look at the area
treated with 0.1% Papaver rhoeas extract
showed the skin surface of the gluteus and

Statistically
significant
improvements
(p<0.01) in all skin smoothness parameters
(average roughness Ra and average maximum roughness Rz) were detected after 4
and 8 weeks of application of both the placebo cream and the test cream. Although the
skin treated with the cream containing Papaver rhoeas extract was smoother than before
treatment, this was true also of the skin
treated with placebo. This could be attributable to
the fact that the base formulation already has a high Figure 4: Ultrasound images taken before and after 4 and 8 weeks of treatment with an
emulsion containing 0.1% Papaver rhoeas extract (Volunteer No. 17)
moisturizing and smoothing potential.
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thighs to be smoother and the “orange peel”
visibly reduced. In addition, the furrows
seemed reduced in depth (Figure 5).

CONCLUSION
Papaver rhoeas, commonly known as red
poppy, is an abundant flower which has
much more to offer than its beautiful and
intensive red color. An innovative, natural
and highly effective active ingredient could
be extracted from its seeds, finally offering a
solution to demanding women who want a
firmer and more beautiful body shape. Clinical evaluations were carried out to prove that
it indeed is an attractive option for the development of innovative skin firming, skin shaping or anti-cellulite cosmetic products.
Application of an emulsion containing 0.1% of
Papaver rhoeas extract to human volunteers
induced statistically significant improvements
in all viscoelasticity parameters, all skin
smoothness parameters, blood microcirculation and linearization of the dermohypodermal junction. Moreover, comparison
of the test product and the placebo evidenced a statistically significant difference
after 8 weeks of treatment for the two parameters linked most specifically with cellulite: blood micro-flow and length of the dermo-hypodermal junction. These interesting
results are also visible in digital images of the
treated areas where there is a clear tendency
to correct cellulite inesthetisms. The results
of this in vivo study confirm the outcome of
several promising in vitro and ex vivo investigations which showed the ability of this new
natural ingredient gained from the seeds of
the red poppy flower to both prevent lipogenesis and activate lipolysis.

Figure 5: Digital images taken before and after 4 and 8 weeks of treatment
with an emulsion containing 0.1% Papaver rhoeas extract (Volunteer No. 8).
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ABSTRACT
Sunscreens should provide protection against
sunburn, immunosuppression and even skin
cancer. Recently it could be shown that half
of all free radicals induced in the skin by solar
radiation have their origin in the visible and
infrared spectral ranges. The high sun protection factors of modern sunscreens tempt
people to expose themselves considerably
longer to sunlight than if they leave their skin

INTRODUCTION
This article is based on an initiative of the
Society of Dermopharmacy as a result of a
session and round table discussion at the
annual conference of the society in 2013.
While solar radiation is vital for life on earth,
it is also one of the most dangerous environmental factors in terms of our cutaneous
physiology and vital functions [1]. Sunlight
decisively influences both our well-being and
the indispensable vitamin D synthesis,
whereas excessive doses of solar radiation
induce sunburns, skin aging, immunosuppression and even skin cancer [2, 3]. The global incidence of non-melanoma skin cancer
and malignant melanoma keeps increasing
[4, 5]. Unless this trend can be slowed down,
skin cancer will remain the most frequent
type of human cancer, despite the fact that
sunscreens and their protective efficacy are
constantly improved.
This article addresses the issue of whether
future sunscreens have to provide ultraviolet (UV) or light protection from the UV to
the infrared spectral range to optimally safeguard the skin against sun exposure.
A brief outline of the history of sunscreens
follows. The first commercial sunscreen was
launched on the market in the first half of

IFSCC Magazine 4 - 2014

unprotected. Due to this prolonged exposure,
radical formation in the visible and infrared
spectral ranges may distinctly exceed a critical threshold. This, in turn, may lead to tissue
damage at a cellular level. The present article
shows methods which can be employed to
protect one’s body with sunscreens also in
the visible and infrared spectral ranges of the
sun. Moreover, standardization issues for
sunscreens in the visible and infrared ranges
are addressed.
the last century [6]. In 1922, Eder and
Freund introduced 2-naphthol-6,8-disulfonic
acid salts, which were quite effective in both
the UVB and UVA region. In 1956, the sun
protection factor (SPF) was defined, but at
that time it covered mainly the UVB spectral
range. In 2006, the European Union established criteria stipulating that sunscreens must
absorb both UVA and UVB radiation at a
ratio of at least 1:3 [7]. If this requirement is
met, the products can be labeled and sold as
sunscreens. Ultraviolet filters and reflective
substances like titanium dioxide are the
decisive components in sunscreens, reducing the intensity of the sun’s radiation
reaching the viable cells of the human body.
In 2012, the European Union and the European Free Trade Association harmonized the
sunscreen protection classes, stipulating that
a sunscreen with an SPF between 6 and 10
be labeled “low protection”. Products labeled with an SPF between 15 and 25 are to
be categorized “medium protection”,
whereas sunscreens with an SPF between 30
and 50 are to be labeled “high protection”
and those with an SPF greater than 50
(SPF50+) “very high protection”. This decision was based on the fact that SPF values
above 50 are difficult to determine [8]. Moreover, a competition for extremely high sun
protection factors up to 100 was to be
avoided.

Figure 1: Spectral transmittance of
sunscreens produced 10 years ago and of
current
sunscreens
(a):
spectral
transmittance of a commercial sunscreen
popular 10 years ago, (b): spectral
transmittance of a modern sunscreen that
shows very good absorption properties in
both the UVB and the UVA ranges, (c):
current premium products that have an
excellent protective effect both in the UVB
and the UVA [11].
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SPECTRAL TRANSMITTANCE
OF SUNSCREENS
The spectral transmittance of a sunscreen
can be measured on tape strips taken after
application of the sunscreen to the inner
forearm [9, 10]. Figure 1 provides an overview of the historical development of the
spectral transmittance in sunscreens [11].
Figure 1a shows the spectral transmittance
of a commercial sunscreen that was popular
10 years ago. Whereas a good protective
effect is visible in the UVB range, this
sunscreen provided only little protection in
the UVA range. Figure 1b shows a modern
sunscreen that exhibits very good absorption properties not only in the UVB but also in
the UVA spectral domain. Today, there are
various premium products, such as those
depicted in Figure 1c, which have an
excellent protective effect both in the UVB
and in the UVA spectrum.

netration of the sunscreen, the volunteers
were asked to expose themselves to the
radiation emission of a party light (Woods
lamp) in a dark room, making the fluorescence of the dye visible on the skin.
Figure 2 represents a typical image obtained
from these investigations. The image clearly
reveals that the users were eager to avoid
any possible contact between the sunscreen
and their clothes. Moreover, sunscreens
were applied at a «safe distance» to the hair
and eyes. An important prerequisite for
avoiding such problems in the future is the
development of skin physiological formulations leaving residues neither on the clothes
nor on the hair and thus well accepted by
the users.

man retinal epithelial cells [22]. Further investigations revealed that infrared A radiation not only influences just these two genes
alone but that a total of 250 genes of the
human skin are upregulated and 349 genes
are downregulated [25] Using a mouse model, it could be shown that although infrared
A irradiation did not increase the prevalence
of UV-induced tumors, it essentially accelerated the growth of existing tumors [26].
Irradiation of human subjects with visible
light leads to an increase in reactive oxygen
species measured via chemiluminescence. In
vitro exposure of epidermis models caused
increased expression of matrix metalloproteinase (MMP-1) and proinflammatory cytokines [23]. In addition, Mahmoud et al. could

OPTIMAL AMOUNT OF SUNSCREEN TO BE APPLIED TO THE
SKIN
The sun protection factor (SPF) indicates
how much longer people can expose their
skin to the direct sunlight subsequent to
sunscreen application than when their skin is
left unprotected. To obtain the full efficacy
associated with an SPF, an amount of
2 mg/cm2 of skin surface has to be applied
[12]. This is a large amount but it is needed
to provide a homogeneous distribution of
the sunscreen, which is also very important
[13, 14]. In practice, however, this amount is
almost never applied for practical reasons.
Investigations on the amounts of sunscreens
actually applied have shown that sunscreens
are applied in amounts that are lower by a
factor of almost 10 than are defined in the
regulations for determining the sun protection factor [15].
Another aspect to be considered in this
context is that it is difficult to apply a
sunscreen homogeneously to every site of
the body [16]. Applying a sunscreen to one’s
back, for example, is hard to do correctly
without assistance. In a study performed at
the Center of Experimental and Applied
Cutaneous Physiology, volunteers were asked to apply a sunscreen the same way as
they usually would at the beach [15]. The
volunteers were well aware that the topically applied sunscreen would be analyzed for
the homogeneity of distribution. For these
investigations, a fluorescent dye was added
to the sunscreen. After application and pe-
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Figure 2: Images depicting sunscreen on the body surface of the volunteers following
application [15]

LIGHT PROTECTION INSTEAD
OF UV PROTECTION?

show increased pigmentation subsequent to
irradiation with visible light [24].

The solar radiation incident on the earth’s
surface consists of 0.5% UVB, 6.3% UVA,
39.2% VIS and 54% infrared radiation [17,
18]. Consequently, the maximum dose of
solar radiation absorbed by our skin is generated in the infrared (IR) spectral range.
Infrared photons are incapable of inducing
free radicals directly in the skin. Nevertheless, it was shown that mitochondria exposed
to infrared radiation are an essential source
for the generation of reactive oxygen radicals [19, 20]. Moreover, it could be demonstrated that the gene matrixmetalloproteinase-1 (MMP-1) is upregulated [21]
without a concomitant increase in the expression of its tissue-specific inhibitor TIMP-1. The
resulting imbalance causes an increased
breakdown of collagen fibers and ultimately
leads to wrinkle formation and thus skin
aging. Godly et al. could show that blue light
damaged mitochondria from cultured hu-

In 2008, Zastrow et al. published the action
spectrum of the radical formation in human
skin induced by solar radiation [27]. This
spectrum is depicted in Figure 3. It is clearly
visible that the concentrations of free radicals generated in the UV are higher than in
the VIS spectral range. Comparison of the
total amount of free radicals induced by the
complete solar spectrum reveals, however,
that approximately 50% of all free radicals in
our skin are induced by radiation in the VIS
and IR spectral ranges. Radical production in
the IR spectral range could also be shown by
the depletion of carotenoids after IR irradiation, whereas different sources should provide different effects [28]. Regarding
Zastrow’s results we should keep in mind
that there is a difference in radical formation
between in vivo and ex vivo investigations,
as shown by L-band EPR measurements [29].
In vivo the radicals are produced rapidly and
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Figure 3: Action spectrum of the formation of free radicals [27]

at a higher rate than shown for VIS/IR irradiation, but radical formation reached saturation. The lower radical formation ex vivo
could be explained by the absence of oxygen
[30].
Moreover, Zastrow et al. [31] could show
that there is obviously a critical threshold for
the induced free radicals. If this critical
threshold is exceeded, the free radicals start
damaging the skin. In general, free radicals
are essential for the signaling processes in
the human organism [32]. In the experiments reported by Zastrow et al., tissue
samples were exposed to defined doses of
UV and visible light. Subsequently, the concentrations of the induced free radicals were
measured using electron paramagnetic resonance (EPR) spectroscopy. The results of
these measurements are presented in Figure 4. It can be seen that the amount of free
radicals increases with increasing doses of
UV and VIS radiation. At a radical concentration of approximately 3.5x1012 radicals/mg
of tissue, there is a surge in the curve; radical formation clearly slows down there. Analysis of the composition of the radicals formed before and after the critical threshold
shows that before the threshold the majority of the radicals formed are reactive oxygen
species (ROS), whereas the radicals induced
above the critical threshold are predominantly C-centered radicals, which are extremely destructive in the body. In their studies, Zastrow et al. could show that this
radical composition applies not only to the
UV and VIS spectral ranges, but also to the
VIS and IR. Thus, the critical radical concentration represents obviously a body constant.
The dose of solar light that is necessary for
vitamin D synthesis is the critical radical
threshold, whereas the minimal erythema
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Figure 4: Free radical formation at different doses of UV+VIS
radiation [31]. The two pie charts show the composition of reactive
oxygen species and lipophilic radicals below the critical radical
concentration of 3.5 x 1012 radicals per mg tissue at 6000 mJ/cm2
and above at 14 000 mJ/cm2

dose (MED) that has been proven to cause
skin damage, i.e., an erythema, exceeds this
critical radical concentration considerably.
Due to the high protective efficacy of the
sunscreens, people expose themselves
considerably longer to direct sun radiation
than when they do not protect their skin.
With sunscreen application the exposure
times can be extended by a factor of 3 to 10.
As the protective efficacy in the UV range is
very good, radical formation in this range is
rare, whereas high radical concentrations,
which might exceed the critical threshold,
are induced in the VIS and IR ranges.

ties in the VIS and IR spectral ranges. Finally,
there is the antioxidant protective system of
the human organism including the skin,
whose antioxidants are capable of neutralizing the induced free radicals before they
start damaging the body [33, 34]. Free radicals are generated in the skin as a result of
solar radiation and environmental hazards
and they can destroy cells and cell compartments if their concentration exceeds a critical threshold. This, in turn, may result in skin
aging, immunosuppression, development of
skin diseases and even skin cancer.

SUN PROTECTION IN THE VIS
AND IR SPECTRAL RANGES
In the absence of absorbing substances that
cover the complete VIS and IR ranges of the
solar spectrum, sunscreens do not fully protect the skin from radical formation when it
is exposed to sunlight, as absorbing, reflecting and scattering UV filter substances cannot be used for protection in the VIS and IR
ranges.
Therefore, increased attention
should be focused on the three intrinsic
protective mechanisms of the skin, and
sunscreen products should be adapted to
reflect these mechanisms. The first mechanism is skin thickening of the stratum corneum, i.e., the horny layer, and plays a role by
absorption and scattering. As a consequence, fewer photons from solar radiation
are able to penetrate into the skin. The
second mechanism is melanin production,
which also works by absorption and scattering. Melanosomes are good UV absorbers
and exhibit also excellent scattering proper-

Figure 5: Distribution of carotenoids in
human skin [36].

As can be seen in Figure 5, the highest concentration of antioxidants is detectable on
the skin surface. Typical dermal antioxidants
include beta-carotene, lycopene, lutein, the
vitamins A, B, E and D, polyphenols and enzymes. This high antioxidant concentration
on the skin surface is plausible, as systemically applied antioxidants are ejected onto
the skin surface with sweat and sebum [35,
36]. With this in mind, the antioxidant protective system of our skin is comparable to
the shell of fruits and vegetables.
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DETERMINATION OF THE PROTECTIVE EFFECT OF SUNSCREENS IN THE IR SPECTRAL
RANGE
The protective mechanisms discussed above
can also be implemented in sunscreens by
incorporating titanium dioxide and zinc oxide micropigments in the sunscreen products. As these particles exhibit certain reflectance and scattering properties, they
prevent certain amounts of VIS and IR radiation from penetrating into the human skin
[37]. In addition, sunscreens contain antioxidants that were originally intended to stabilize the UV filters. These antioxidants provide protection also in the VIS and IR spectral
ranges through neutralization of free radicals.
Radical formation in human skin can be determined in vivo or ex vivo by means of EPR
spectrometry [29, 38-40]. A typical example
for in vivo EPR measurements is shown in
Figure 6.

spectral range [37]. The four commercial
sunscreen products were compared with
untreated and unprotected skin samples and
with the Colipa standard P3 for sunscreens
containing neither pigments nor antioxidants [12]. The results of these investigations are shown in Figure 7. The magnitude of
the signal is an indicator for the amount of
free radicals induced in the skin by IR radiation. As shown by Meinke et al.[37], the concentration of free radicals is highest in the
untreated skin. Although the results obtained for the Colipa standard are very similar
to those obtained for the untreated skin, a
slightly reduced radical formation was observed. This is due to the fact that the Colipa
standard 3 formulation exhibits properties
which smoothen the skin surface and, therefore, partly reflect solar radiation from the
skin.
At the Center of Experimental and Applied
Cutaneous Physiology the four commercial
sunscreens were analyzed for their radical
protection factor (RPF) and their optical
properties [37]. The best properties were
detected for Cream 4. As can be seen from
Figure 8 and Table I the RPF of Cream 4 is
rather low. Instead, its optical properties are
very high in terms of reflectance and scattering. For this product the high protective

Figure 6: In vivo L-band EPR spectrometer

Based on the findings of Zastrow et al., as
well as on our group’s results, four different
commercial sunscreens were analyzed for
their protection efficacy ex vivo in the IR

Table I: Radical Protection Factor (RPF) of
the Formulations [37]

Figure 7: Radical formation in the skin due to IR irradiation (120
mW/cm2) [37]
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efficacy against radical formation in the IR
spectral range is due predominantly to its
optical properties. The situation is different
with Cream 3, which ranked second. It exhibited an RPF of 119, which is considerablly
higher than that of Cream 4. However, the
optical properties of Cream 3 are clearly
inferior, i.e., neither reflectance nor scattering are as pronounced as in the case of
Cream 4. A study where the ingredients
were specially composed for the study confirmed the findings [41].

PROSPECTS
This article clearly indicates that sunscreens
should provide protection not only in the UV
range but also in the entire range of the
solar spectrum. 17 Modern sunscreens
should generate a pleasant sensation on the
skin with well-tolerated cosmetic properties,
thus encouraging consumers to apply the
correct amount of the product as directed.
This coincides with the experience reported
from countries where people are frequently
exposed to high doses of solar radiation. In
these countries, people cover their skin almost completely with textiles, while parasols
provide shadow. When introducing a light
protection factor that will be applicable and
suitable for the whole solar spectrum, the
issue of sunscreen classification must be
addressed. The SPF is an internationally wellestablished parameter for sunscreens. This
parameter has been accepted by consumers
and should not be changed as such. By
exactly defining regulatory standards, specifying, for example, that UVA and UVB protection should be provided at a ratio of at
least 1:3, it might be possible to extend the
SPF coverage beyond the UVB range. In this
case, the SPF should be determined in the
UV spectral range as usual. For the VIS and
infrared spectral ranges, however, the radical formation (RF) should be utilized to define a sunscreen’s efficacy towards radical

Figure 8: Absorption (µa) and scattering coefficient (µs’) of the
sunscreen formulations [37]
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formation in these spectral ranges. Using a
value yet to be determined, this RF would
have to be assigned to the SPF in the UV
spectral range, so that the new SPF would be
a function of the currently used SPF and the
RF.
Nowadays sunscreens which provide protection against radical formation in the IR spectral range are already commercially available
but standardized test procedures are still
missing. In the next few years, sunscreens
are likely to be launched that provide protection not only in the UV but also in the VIS
range. To our knowledge the protective
mechanisms and determination of the protective efficacy in the VIS and IR spectral
ranges should be the same.

SUMMARY
Free radicals are generated by radiation not
only in the UV range but also in the VIS and
IR spectral ranges of the solar spectrum.
Protective mechanisms that are successfully
utilized in the UV spectral range cannot be
applied in the whole ranges of the solar
spectrum. Therefore, the natural protective
mechanism of the human body, i.e., absorption, reflectance, scattering and antioxidants, must be used in the VIS and IR spectral ranges in order to totally cover and protect the skin. Micropigments, predominantly
titanium dioxide and zinc oxide, exhibit
scattering and reflecting properties in
sunscreens.
Moreover,
commercially
available sunscreens contain antioxidants,
which were originally intended to protect
the UV filters from being destroyed. These
pigments and antioxidants are effective in
the VIS and IR spectral ranges. Unfortunately, pigments are added to sunscreens
only to a limited extent. Normally, pigment
concentrations in sunscreens do not exceed
approximately 8%. The situation is quite
different when it comes to antioxidants. The
study performed at the CCP yielded a maximum RPF of 140 [37]. Products for medical
use are currently available which exhibit an
RPF of approximately 5000. There are huge
development potentials in this field. In general, sunscreens produced by renowned
manufacturers already provide protection in
the whole range of the solar spectrum. However, the protective efficacy in the visible
and infrared ranges can still be considerably
improved. The measuring technologies required for this purpose are already available,
but must be standardized.
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ABSTRACT
In the development of hairspray formulations, great emphasis is placed on the selection
and composition of setting polymers, as complex effects have to be taken into consideration and the expectations of consumers fulfilled. An essential part of consumer acceptance is the hold (setting ability) and the
durability of hold over a longer period, especially under particular environmental conditions. As setting polymers absorb moisture

INTRODUCTION
When developing hair styling products the
mechanical properties and interaction between the hair and the polymer film former
play an important role in consumer acceptance, especially with regard to hold
(setting ability) and the durability of hold.
There are a wide range of film formers and
hydrophilic polymers available, which are
water soluble to a greater or lesser degree,
that can achieve the hold and durability of
hold desired for different product types.
These are used in styling products either
individually or in combination with each other and can be easily removed from the hair in
one hair wash.
However, hydrophilic polymers have one
disadvantage. Depending on the strength of
the hydrophilic property of the polymer, they
absorb water from the atmosphere to a
greater or lesser extent, thus partly or entirely losing hold. The stronger the hydrophilic
tendency, the more water is absorbed and
the lower the durability of hold.

from the atmosphere to a greater or lesser
degree depending on their hydrophilic properties, durable hold and resistance to weather conditions can vary. The well-publicized
curl retention test is one way of testing resistance to weather conditions in the product
development phase. The Working Group for
“Hair Treatments” from the DGK (German
Society for Scientific and Applied Cosmetics)
carried out a multicenter study in six test
centers to examine the effect of various para-

meters on the results of the curl retention
test. It was shown that through the standardization of influential parameters such as
rollers, winding of the curl, spraying time,
spraying distance, spraying method, humidity
and temperature, the effect of the test centers was minimized and a significant differentiation between different hairspray formulations with different setting polymers was
achieved.

a curl is formed into a water wave of defined
shape, dried and then treated with a styling
product. Herein lies the first problem, how to
exactly quantify the amount of product that
is applied to the hair. The treated and dried
curl is then hung up and exposed to various
climatic conditions. The length of the hanging
curl is measured over time. The slower the
lengthening of the curl is, the better the curl
retention.

VA/Crotonates/Vinyl Neodecanoate Copolymer or 3% Acrylates Copolymer were tested
and compared with each other with regard to
their curl retention. Each test center carried
out the tests following their own methodology but where the following parameters
should to be kept as uniform as possible: hair
type (Caucasian, virgin/untreated), hair quantity (weight, original length), binding of the
hair tress (flat tress, round wound tress), presetting method for the curl (water wave),
The methodological details and parameters application conditions (spray distance) and
are often not described sufficiently in the the evaluation.
scientific literature, with industrial test laboratories and independent research institutes The experimental variables were the method
carrying out these types of tests using their of application (immersing, spraying, static or
own individual methods. This leads to results dynamic application), shape of the roller
that cannot be compared with each other.
(tube or spiral, number of winds per tress),
how tight the tress was wound (with or withThe Working Group for “Hair Treatments” out added weight), diameter of the roller,
from the DGK (German Society for Scientific application quantity, drying conditions
and Applied Cosmetics) set out to analyze (length of time, temperature, humidity),
the effect of various test parameters on curl hanging conditions (temperature, humidity,
retention in a thorough and comparative with or without added weight) and evaluamulticenter study using hairsprays as an tion of the curl while hanging (visual, physiexample.
cal).

In accordance with the test centers’ previous
experience the following parameters were
identified as having a significant effect on the
test results: preparation of the hair tresses
(pre-test damage, pre-test washing), geometry of the tress (flat, round), conditions while
the tress is hanging (speed of the air circulaA curl retention measurement describes the Structure of the study and test procedure
behavior of a defined hair curl that has been In the first part of the study three hairsprays tion, fan), material of the roller (PMMA,
treated with a hair styling product. To do this containing either 3% PVP/VA Copolymer, 3% Teflon) as well as the evaluation methods
In scientific literature curl retention (the behavior of curls in high humidity conditions) is EXPERIMENTAL
frequently described as a measure of the
lastingness of the hold of hair styling prod- Six test centers from industry and laboratory
ucts and polymer films ([1] – [8]).
service providers took part in the study.
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(control length of the tresses, calculation spiral rollers with a defined diameter and
twist and to spray the curl while it is still on
formula, curl length at time 0).
the roller with an aerosol in the next series of
The formulation to be tested was applied to tests. The use of spiral rollers leads to a more
the wound hair tress; the tress was then uniform curl shape and thus a more uniform
dried and carefully removed from the roller starting value than with rod rollers. Although
making sure that the polymer film was not the latter allow a tighter winding of the hair,
broken or damaged. Damage to the film can this leads to greater variation in the number
affect the results of curl retention tests sig- of curves in the curl. Spraying the test subnificantly as there can be a loss of the curl stance in aerosol form instead of dipping in a
retention effect of the polymer at these polymer solution has greater practice relebreakage points. Furthermore, stronger wa- vance and also leads to better results.
ter absorption can also occur at these points
causing the curl to relax more strongly and In preparation for the second stage of the
multicenter study, standardized instructions
faster.
were developed for the test centers based on
An untreated curl formed with a water wave observations from the first phase in order to
was used as a control.
standardize as many parameters as possible.
The curls set with the test products and the
control water wave curl were then hung up
and exposed to constant climate conditions
with respect to temperature and humidity.
The lengthening of the curls was measured at
different predefined time intervals.

The following conditions and parameters
were fixed:
Hair tresses:
Weight:
1g
Width:
1 cm
Tress geometry:
round

Tress type:
Total length:
Length of hanging hair:
Number:
Level of damage:

glued tress
20 cm
17 cm
4
undamaged

Supplier:

Kerling, Backnang

Preparation of the tresses:
The hair tresses were washed twice by hand
with a 14% sodium laureth sulfate solution
under running tap water at a temperature of
38°C + 1°C in order to remove any surface
impurities or static. First the tresses were wet
fully with tap water, then 1 g of 14% sodium
laureth sulfate solution was massaged and
lathered into the hair for one minute, and
finally the hair was rinsed under running
water for one minute. This procedure was
carried out twice. The tresses were then
wound around the standard roller (see below) while damp.

The curl retention [CR] was calculated using
the following formula:
CR [%] = (L0 – Lt) * 100 / L0 – Lstart)
L0 = original straight length of the tress
Lt = length of curl at time t
Lstart = starting length of the curl

Test Center F [5 h]

Test Center E [5 h]

Test Center D [5 h]

Crotonates Neodecanoate Copolymer
Acrylates Copolymer

The results were presented showing the
measurements over time.
The first part of the multicenter study
showed differences between the curl retention of the three hairspray formulations and
the water wave. However, the results varied
greatly among the test centers (Figure 1).

PVP/VA
Untreated

Test Center C [5 h]

Test Center B [5 h]

Test Center A [6 h]

0
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40

60

80

100

Curl retention [%]

The results did not show any satisfactory
distinction between the three polymers or
between the polymers and the water wave
(Figure 2). The water wave was not included
in the test in three of the test centers.

Figure 1: Curl retention – results according to test centers

Crotonates Neodecanoate

Copolymer
Furthermore, despite the planned standardization of various parameters there were big
differences in the methods used in the indiAcrylates Copolymer
vidual test centers. There were significant
differences, for example, in the weight and
length of the hair tresses used. Other factors
PVP/VA
also had a considerable effect on the results
in the different centers, such as the shape
and material of the rollers used (spiral rollers
made of Teflon with a defined twist, smooth
Untreated
PMMA rods, commercially available spiral
rollers) or the quantity and method of apply0
20
40
60
Curl retention [%]
ing the test substance to the hair (as a hair
spray or dipping in the polymer solution).
These differences led to the decision to use Figure 2: Curl retention – results according to test formulation

30

Test
Test
Test
Test
Test
Test

80

Center
Center
Center
Center
Center
Center

F [5 h]
E [5 h]
D [5 h]
C [5 h]
B [5 h]
A [6 h]

100

IFSCC Magazine 4 - 2014

Rollers

tress to be wound flat, directly into the
groove of the roller. The ends were secured
Each test center was supplied with standard
to the roller with a small clip, making sure
rollers:
that the ends were distributed smoothly and
evenly in the groove of the roller (Figure 4).
Type:
spiral rollers (Figure 3)
Finally, the weight was removed from the
Material:
Teflon
end of the wound hair tress.
Diameter:
12 mm
The tresses were wound around the rollers
using a weight of 10 g (equivalent to about
98 mN) in order to create uniform tension.

The following test conditions for hanging the
tresses were selected:
Temperature:
Relative humidity:

21°C and 25°C
75% and 90%

Calibration of the humidity in the climate
chamber for conditioning and hanging the
curls was carried out using a capacity humidiTest formulation:
The following two polymers were selected for ty sensor, which was supplied to each test
the hair spray test formulations as, due to center. Thus uniform climate conditions
their chemical and physical properties, a clear could be guaranteed in all test centers.
difference between them and between them
Lengthening of the curls was measured visuand the water wave was to be expected.
ally (parallax free) or physically using a laser
after 0, 0.5, 1, 2, 3, 5 and 8 hours.
3% PVP/VA copolymer

When winding the hair around the rollers it
was recommended to use a construction
whereby the roller was hung at an angle enabling the hair tress to be wound at right angles to the groove. The weight was attached brand name: Luviskol™ VA 37 I (PVP/VA)
to the end of the hair tress. This allowed the supplier: BASF

3% Octylacrylamide/acrylates/
butylaminoethyl methacrylate copolymer
brand name Amphomer™ (OABAM)
supplier: Akzo Nobel
Where necessary the polymer was neutralized using amino methyl propanol (AMP). The
polymers were then dissolved in 60% ethanol
and put into aerosol cans with 40% diethyl
ether.

RESULTS
It can be seen in Figures 6 + 7 that under the
chosen conditions it is possible to show a
greater differentiation between the products
at 75% relative humidity and 5 seconds
spraying time than at 90% relative humidity.
There was no difference between the water
wave and the PVP/VA copolymer at 90%
relative humidity.
Analysis of the results

Application
Figure 3: Teflon roller

All of the parameters were subjected to mulThe application of the hair sprays was carried tiple regression analysis using Cornerstone
software. Due to the complex nature of the
out under the following conditions:
data, simple relationships between system
Spraying time:
3 s and 5 s
variables were identified and their effect on
Spraying distance:
25 cm
the results investigated.
The hair spray was applied to the wound hair For the purpose of the evaluation the followwhile the roller was rotated at a constant ing variables were selected:
speed of 160 r/min. An up and down movement of the aerosol or the roller during Predictable values (predictor)
spraying was not required.
 Test center (TC)
Water wave
 Hair spray formulation (HS)

Figure 4: Teflon roller with hair tress
wound around it

Untreated hair tresses, which were also
 Spraying time (ST)
wound onto rollers while damp using a 10 g
weight for uniform tension, were used as a  Relative humidity (RH)
control.
Target values (response)
Hanging the curls in the climate chamber
An apparatus in which the curls are fixed  Curl retention in % at different observation
times 0 - 8 hours (CR0, CR 0,5, CR1 … CR8)
perpendicularly (Figure 5) proved to be the
best option for hanging the curls in the cli-  Curve torsion value Tau
mate chamber.
 Equilibrium curve value Sinf
Climate conditions
The treated curls were dried while still
wound on the rollers, first for 1 hour at 35°C,
followed by a conditioning period of 18 hours
at 22°C and 55% relative humidity.

Figure 5: Example of curls hanging in a
climate chamber (left: original state when
hung; right: after 24 hours)
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Effect of the test centers

It was found that, despite standardization of
the test conditions, the biggest effect came
from the individual test centers, whereby one
of the test centers deviated significantly from
After the conditioning period the curls were the rest and proved to be a statistical outlier
carefully removed from the spiral rollers (Figure 10).
without breaking the polymer film.
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Figure 6: Curl retention results with 5 s spraying time and
measurement after 5 h at 90% relative humidity

Removal of the results from Test Center D led
to an improved and more uniform picture in
the adjusted response graph (Figure 11). It
was found that in this laboratory the hair
tresses were hung at a slight angle and did
not hang perpendicularly in the climate
chamber; this led to measurement of shorter
original hanging lengths of the curls than in
the other test centers. In this test center it
was still possible to differentiate between the
two polymers and the water wave.
As a result of the tress being fixed incorrectly
to the roller (Figure 9) the curl hung at an
angle in the climate chamber and led to significantly deviant values in the course of curl
relaxation. Consistent results could only be

Figure 7: Curl retention results with 5 s spraying time and
measurement after 5 h at 75% relative humidity

achieved in the ring study (Figure 10 + 11) The best differentiation between the two test
when the curl was fixed correctly (Figure 8). hair spray formulations and the water wave
was achieved at 75% relative humidity and 5
In order to make the effect of the individual seconds spraying time (Figure 14).
parameters on the results of the curl retention tests clearer and highlight errors or erro- In comparison, measurements made at 90%
neous interpretations, the results are pre- relative humidity with 5 seconds spraying
sented both before and after elimination of time show no satisfactory differentiation
between the test hair spray with PVP/VA and
the outlier data.
the water wave (Figure 15), which can be
Effects before outlier elimination
explained by the high absorption of water
from the atmosphere by the polymer PVP/
Effect of the observation time
VA. Relaxation of the curls treated with PVP/
The analysis before the outlier was detected VA was comparable with that of the water
showed that the measurement times of the wave.
curls after 30 minutes and 1 hour were not
suitable for the evaluation. The effect of the Effect of the curve torsion and equilibrium constants
In order to evaluate the relaxation curve
(Figure 16) a functional adjustment was carried out in which the exponential decrease
was viewed in relation to the equilibrium
constant:

Curl retention [%] = Sinf + ∆S (-t/tau)
Sinf = Equilibrium constant (CR-infinite)

Figure 8: Curl fixed correctly

Figure 12: Effects at one measurement
time - after the curls had hung for 1 hour

Tau = Parameter of the falling curve (curve
torsion)
∆S = 100% - curl retention at time ‘t‘
t
= Observation time

When analyzing the data the effect of the
test centers was found to be greater than
that of the hair spray formulation; therefore this
test centers was as high as the effect of the parameter was deemed to be unsuitable .
test formulation (Figure 12).
In contrast to this, the effect of the test cenEffect of spraying time and humidity
ters on the equilibrium constant Sinf is signifiThe multiple regression provided by the Cor- cantly less than that of the hair spray formunerstone™ Software showed that the spray- lation (Figure 18).
ing time had no effect on the values at any of
Effects of outlier elimination
the measuring times (Figure 13).
Figure 9: Curl fixed incorrectly
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After eliminating the outlier laboratory the
observation times 1 (CR1), 3 (CR3), 5 (CR5)
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Figure 10: Adjusted response graph before elimination of outlier values for all data

Figure 11: Adjusted response graph after the elimination of outlier values for all data (i.e. without data from test center D)
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and 8 hours (CR8) as well as the equilibrium
constant Sinf could be used for the evaluation of the differences between hair spray
formulations. In all cases the effect of the
test centers was considerably less than that
of the hair spray formulation (Figure 19).

CONCLUSIONS
With this multicenter study the DGK Working
Group was able to demonstrate the most
important influential parameters on curl retention using hair sprays as an example.
By standardizing the methods used, effects
on the results due to such factors as hair
tresses, rollers, winding methods, humidity
and application of the product were minimized and possible errors highlighted.
Under the chosen conditions it was possible
to detect differences in relaxation of the curls
in high humidity conditions between those
treated with the hair sprays with PVP/VA or
Octylacrylamide/Acrylates/ Butylaminoethyl
Methacrylate Copolymer, with the water
wave as a base value.
The best differentiation was achieved under
the following conditions: 22°C, 75% relative
humidity, 5 seconds spraying time and 25 cm
spraying distance. To achieve uniform tension of the curl on the roller, a weight of 10 g
was used to wind the tress onto a spiral roller
made of Teflon.

Figure 13: Evaluation of the effect of the spraying time after 1, 3, 5 and 8 hours

Figure 14: Differentiation between the polymers and the water
wave at 75% relative humidity and 5 seconds spraying time
(typical data)

Figure 15: Differentiation between the polymers and the water wave at
90% relative humidity and 5 seconds spraying time (typical data)

Figure 16: Curve torsion and equilibrium constants at 75%
relative humidity and 5 seconds spraying time

Figure 17: Evaluation of the curve torsion Tau
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Figure 18: Analysis of the equilibrium
constant Sinf

Figure 19: Evaluation of the observation times 1, 3 , 5, 8 hours and Sinf
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