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Introduction

Materials & Methods

• Cell culture
Monolayer cultures of Normal Human
Epidermal Keratinocytes (NHEKs) were used
for this study.

• ROS release from NHEKs
keratinocytes upon a challenge based
on urban dust + UVA combination

Cultures were pre-incubated with the
Emblica during 24h, then treated with a
Emblica and urban dust (40μg/ml) for 24h
and finally UVA-irradiated (5J/cm²) with
UVA. Production of ROS are measured
through fluorescence level emitted by the
oxidized dye.

• Cytokine release from NHEKs
keratinocytes upon urban dust
challenge

Inflammation was induced by a treatment
with urban dust (80μg/ml) for 24h. The cells
were seeded 24h before the treatment
Emblica, applied alone or associated to urban
dust for the next 24h. The quantification of
the inflammatory cytokines was performed
using ELISA kits

• Ex vivo
Topical treatment with Emblica (0.5%)
occurred on D0,D2,D3,D4 on a Caucasian
man abdoplasty. The explants were treated
with a metals mixture and diesel particles
(PM2.5) at 0.1% on D4 for 24 hours. General
morphology, MT-1H immunostaining and
malondialdehyde (MDA) were studied.
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Results
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Figure 1: Intracellular ROS production
induced by Urban Dust/UVA stress for
Emblica (0.005%) and Vitamin C (0.01%).
Results are shown as percentage relative to
urban Dust/UVA condition fixed at 100%
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Emblica reduces ROS in 
NHEKs

Emblica strongly reduces 
inflammatory cytokines and 
shows a soothing potential 
in NHEKs

Figure 2: Release of inflammatory cytokines 
after a stress to urban dust treatment. 
Results presented as percentage relative to 
urban dust condition fixed at 100%. %; 
(statistics: Student test, * p<0.05)

Emblica protects against lipid 
peroxidation induced by 
heavy metals/diesel particles 
- ex vivo

Conclusion

Figure 3: MDA induction after treatment
with a pollutant mix (heavy metals and
diesel particles (PM2.5) (Difference vs.
unexposed explants in nmol/l) for the
control and Emblica (0.5%). # p<0.1.
(Student t-test).

Emblica decreases MT1H 
expression and shows a 
preventive anti-pollution 
effect - ex vivo

Figure 4: Surface occupied by MT1H in the 
epidermis of skin explants treated with the 
pollutant mix, for the control (stressed 
explant) and for the explant stressed with 
the pollutant mix and treated with Emblica
(0.5%), (Student t-test, * p<0.05)

Emblica visibly reduces skin 
explant alterations after 
exposure to HM/diesel 
particles (PM2.5)

• The results show a strong anti-
pollution effect of Emblica in both
models for all different
parameters investigated in
comparison to the control and the
references.

• After topical application of
Emblica, multiple biochemical
parameters involved in different
mechanisms of action could be
positively impacted upon
exposure to a pollution stress.

• These results highlight that
Phyllanthus Emblica officinalis
offers a simple solution to
counterbalance human excesses
arising from e.g. industrialization.

Figure 5: Explant morphology on Day 5. (a)
untreated explant, (b) control explant
stressed with the pollutant mix, (c) explant
stressed with the pollutant mix and treated
with Emblica (0.5%)

• Causes of air pollution are associated
with e.g. combustion processes
releasing thousands toxic pollutants
like particulate matter and heavy
metals (HM) notably from diesel
exhausts. Upon exposure to a
pollutant stress, reactive oxygen
species (ROS) are generated,
inflammatory cytokines and
metallothionein overexpression
(MT1H) are released.

• The associated consequences are
visible signs of premature skin
ageing, e.g. skin inflammation and/or
enhanced skin pigmentation.

• Investigations (in vitro and ex vivo)
were performed on an Indian goose
berry tree extract well-known in the
Ayurvedic medicine and obtained
from a sustainable source:
Phyllanthus Emblica officinalis
(Emblica).
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■■ Introduction

Nowadays	 whitening	 ingredients	 are	
currently available in a variety of facial 
skin care products from acne treatments 
and face masks to toners. This property 
continues to be the strongest in facial 

moisturizers accounting for over half of 
global	 whitening	 sales.	 Dark	 spots,	 un-
even skin tone and sun damage are skin 
imperfections which continue to rule skin 
concerns	of	Asian	consumers.	But	this	de-
mand is not specific to Asian countries. 
A	»perfect	skin	complexion«	representing	

the symbol of a younger appearance is 
also	valid	everywhere	in	the	world.	Psy-
chological studies conclude that a freck-
led and mottled skin adds up to twenty 
years in age perception independent of 
the age of the individual (1-3).
An	old	proverb	says	»You	never	get	a	second	
chance	to	make	a	first	impression«.	This	is	
especially true in terms of ones valuation 
by other people based on facial appear-
ance during the first contact. A fresh and 
healthy skin complexion is a door opener in 
private	as	well	as	in	business	life.	Skin	ap-
pears most attractive when it is luminous 
white, while yellowness is perceived as a 
sign of ageing. Therefore it is one of the 
main motivations of cosmetic raw material 
manufacturers to provide new ingredients 
designed to ensure a flawless and radiant 
skin complexion, to correct hyperpigment-
ed skin and to achieve a homogenous and 
bright skin appearance.
A variety of compounds and extracts 
able to brighten human skin have been 
known	for	many	years	 (3-6).	Especially	
hydroquinone was extensively used in 
the	 past.	 Nowadays	 the	 safety	 aspect	
of skin brightening ingredients plays 
a quite important role. When applying 
cosmetic products on a daily basis the 
formulator should ensure in the goal of 
achieving a long lasting brightening im-
pact that no side reactions e.g. like itch-
ing or sensitization of skin should occur. 
In Table 1 a short summary of drawbacks 
of established skin brightening agents 
is shown. Although several ingredients 
clearly pose a risk for skin application, 
they are still widely used (2).
A top 10 list of the most frequently used 
skin brightening ingredients revealed 
that kojic acid remained the ingredient of 

L. Heider, M. Lefort, C. Carola, A. Axt-Heidemann, F. Pflücker*

Turn on Bright Skin – Formulation Options

abstract

Globally the continuous interest in skin care products using active 
ingredients to improve skin complexion remains high. Especially in 
asia Pacific an ongoing »love affair« with porcelain-like skin is a key 

influence in skin care innovation. The desire for lighter skin is constantly 
increasing while skin protection remains equally important and is an as-
pect one needs to keep in mind. (1) 
Flawless and bright skin complexion as an expression of youth and healthi-
ness is highly desired by women of all ages in many modern societies and 
cultures. For this reason the cosmetic industry is constantly searching for 
new effective, safe and easy to formulate skin brightening/lightening/
whitening agents. This paper will introduce the new brightening ingredi-
ent Methoxyphenyl t-Butylphenyl Propanediol and highlights its efficacy 
based on a clinical study. This innovative ingredient underlines its unique 
position among skin brighteners by shifting human skin tone towards a 
fairer complexion with a reduction of yellowness as observed in vivo. It 
provides an option to achieve a radiant porcelain-like skin complexion and 
to simultaneously improve skin freshness and healthy appearance. Beyond 
discussion of the product benefits of this innovative compound, formula-
tion guidance is provided to further achieve an enhanced radiant skin 
complexion. The result will assist the formulator to create modern and ap-
pealing products with skin brightening ingredient combinations resulting 
in dramatic impact on skin complexion.
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choice while mulberry extract accounted 
for an attractive natural option providing 
powerful	brightening	properties.	Next	to	
alpha-	and	beta-Arbutin	–	holding	place	
3	and	4	–	one	can	also	identify	Vitamin	A	
and	Vitamin	B3	(Nicotinamide)	in	the	top	
10 list. Vitamin C derivatives ranked lower 
but are well-established alternatives to 
brighten skin (3).
Taking a closer look at market products one 
can identify sophisticated combinations of 
skin brightening actives providing further 
skin protecting properties as actual de-
mands are requesting additional properties 
like antioxidant efficacy, moisture support-
ing options or pore size reducing effect. 
Human skin brightening process is usu-
ally focused on the reduction of mela-

Table 1 Drawbacks	of	established	skin	brightening	agents.

Compound Obstacle Comment

Hydroquinone

Potential	skin	senstitizer,	toxic/
suspected to be carcinogenic to 
kidneys/Ochronosis	(bluish-black	
discoloration of certain tissues)

Restricted use or even ban in 
many	key	markets.	FDA	request	
for additional data

Kojic	acid Potential	skin	sensitizer,	toxic	
to thyroid

Increased skin sensitization  
potential in several studies  
reported

Arbutin Discussed	as	hydroquinone	 
precursor

Products	containing	β-arbutin 
regarded	as	»unsafe«	by	SCCP	
(2008);	α-arbutin also in dis-
cussion for adverse effects

Ascorbic acid Potential	low	efficacy
Unstable;	tends	to	cause	 
discolorations in the final  
formulation

α-Hydroxy 
acids Potential	low	efficacy Causes skin irritation due to 

low pH

L* describes brightness: 

100 (white) > L* > 0 (black)

a* describes red/green part 
-a*: shift into green
+a*: shift into red 

b* describes blue/yellow part 
+b*: shift into yellow
-b*: shift into blue 

ITA° = arctan ((L*-50)/b*) • 180/π

Fig. 1 Calculation	of	individual	typology	angle	(ITA°)	based	on	skin	color	 
parameters	L*	and	b*.	Based	on	the	ITA°	values	6	skin	types	were	defined	(Fig. 2).

Fig. 2 Different	skin	types	based	on	ITA°	values.

itA° > 55°  »Very Light«  skin type i

55° ≥ itA° > 41°  »Light«  skin type ii

41° ≥ itA° > 28°  »intermediate«  skin type iii

28° ≥ itA° > 10°  »tan/Matt«  skin type iV

10° ≥ itA° > -30°  »Brown«  skin type V

itA° < -30°  »Dark brown«  skin type Vi

nin content in the epidermis. Ingredients 
performing that way help to achieve an 
overall lightening of the skin tone but 
do not enhance the radiance or luminos-
ity of the skin. To generate a fresh and 
young looking complexion it is necessary 

to increase the luminous power of the 
skin itself, by influencing all parameters 
that determine skin color. 
Skin	color	is	described	by	3	basic	para- 
meters	defined	by	the	CIE	System	L*,	a*,	
b* values (The Wikipedia Link provided 
a detailed description of this system): 
L* represents the black to white color 
change component indicating how light 
or dark a color is, a* represents the red 
to green color component and b* the 
yellow to blue component. The hue re- 
presents the color combining a* and b* 
values for example: red, purple, blue, 
etc. The chroma (saturation) represents 
strength or dominance of the hue. 
With these values the color of any system 
can be described and compared. The effect 
of most known skin brightening ingredi-
ents is based on their capabilities to shift 
the	 black/white	 scale	 determining	 para- 
meter	L*	to	higher	numbers	–	meaning	a	
less dark skin. Though that is helpful for 
very dark skin complexions or hyperpig-
mented areas it neither provides enhanced 
luminosity nor is useful for people with a 
quite fair but yellowish skin appearance. 
Especially people with a very strong yellow 
color component in their skin complexion 
would appreciate a shift towards a less 
saturated yellowish skin tone in order to 
achieve not only a fair but especially a 
luminous skin appearance. This highlights 
the high importance of the b*-parameter 
in the overall performance of a skin bright-
ening ingredient. Chardon et al. defined 
the different skin types based on the indi-
vidual	typology	angles	(ITA°)	which	were	
included	in	the	COLIPA	regulations	(7-10).	
These	ITA°	values	were	calculated	using	the	
L* and b* parameters (Fig. 1).
Although the importance of the skin color 
parameter b* has been known for more 
than two decades not much attention has 
been specifically paid to this factor in the 
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development of new cosmetic ingredients 
for skin brightening.
Herein we present an innovative cosmetic 
active that is tailored to brighten human 
skin not only by slowing down the biogen-
esis of the natural skin pigments called 
melanins, but also by reducing yellowness 
by shifting the skin color to a whiter and 
more porcelain-like appearance. 
The intention of this paper is to demon-
strate the effectiveness of this innovative 
ingredient and to furthermore highlight its 
versatile use. The variety of new formula-
tion options having this safe and stable 
ingredient on hand enriches formula-

tor requests for modern skin brightening 
products. The comparison of this sub-
stance with established skin brighteners 
clearly indicate the attractiveness of this 
new molecule offering a safe and effective 
alternative to improve skin complexion. 

■■ Efficacy Aspects

In vivo study on pigmentation  
reduction
The study was carried out with a panel of 
17	volunteers	with	an	average	age	of	50	
years.	 The	 initial	 ITA°	values	varied	 from	

PHASE INgrEDIENTS (INCI) A (%) B (%) C (%)

A METHOXYPHENYL T-BuTYLPHENYL PrO-
PANEDIOL 0.00 1.00 0.30

ARACHIDYL	ALCOHOL,	BEHENYL	ALCOHOL,	
ARACHIDYLGLUCOSIDE 1.00 1.00 1.00

DIETHYLHEXYL	CARBONATE 5.00 5.00 5.00
HEXYL	LAURATE 5.00 5.00 5.00

B AQUA	(WATER) 77.60 79.00 79.70
GLYCERIN 5.00 5.00 5.00
ASCORBYL	GLUCOSIDE 2.00 0.00 0.00

C LAURETH-7,	POLYACRYLAMIDE,	C13-14	
ISOPARAFFIN 3.00 3.00 3.00

D AQUA,	SODIUM	HYDROXIDE 0.40 0.00 0.00
 PHENOXYETHANOL,	ETHYLHEXYL	GLYCERIN 1.00 1.00 1.00

TOTAL 100.00 100.00 100.00

10°	to	45°	corresponding	to	Skin	Type	II	
to IV according to the skin type classifica-
tion (Fig. 2). The study took place in the 
north	 of	 Germany	 during	 a	 period	 of	 3	
weeks in late spring. Test and reference 
emulsions were applied twice daily to test 
areas defined on the inner forearms of par-
ticipating	individuals.	Four	test	areas	were	
defined for each volunteer. Test areas were 
either untreated or treated with emulsions 
containing	 2-ascorbyl-glucoside	 (Formu-
lation	A)	or	Methoxyphenyl	t-Butylphenyl	
Propanediol	(BP)	at	1.0	%	wt	(Formulation	
B)	and	0.3	%	wt	(Formulation	C)	as	listed	
in Table 2. The read-out parameters in this 
case were the skin color components L* 
and b* as obtained by chromametric mea-
surements	at	t=0	and	t=3	weeks.	ITA°	an-
gles were calculated using the previously 
mentioned equation. 

The study focused on 2 topics: 

•	 	the	reduction	of	melanin	content	in	
skin and 

•	 	the	observation	of	the	modification	
of the skin color parameter b* 

The skin color impacting properties of 
MBP	were	 compared	 to	 the	one	of	 the	
benchmark 2-ascorbyl glucoside. It was 
found	that	MBP	was	clearly	superior	to	
2-ascorbyl glucoside to reduce the mela-
nin biosynthesis. The new cosmetic active 
MBP	showed	a	clear	tendency	to	brighten	
the skin after 22 days (Fig. 3).
Although brightening of the skin is a strong 
and important demand by consumers, we 
think there is another need that has not yet 
been	addressed.	Skin	may	be	light	in	color	
but may not always appear appealing and 
fresh. This lack of attraction is caused by 
changes in the skin color parameters un-
derlying the overall skin tone. This is par-
ticularly true for light skin that has a fair 
but yellowish complexion. Examination of 
skin color parameter b* in the presented in 
vivo	study	showed	that	MBP	(1	%)	showed	
a better performance than 2-ascorbyl glu-
coside (2 %) (Fig. 4). 
The untreated skin area showed a mea-
surable yellowing of the skin. The study 
was carried out end of spring when high 
UV indices started to trigger skin tan-
ning.	 Benchmark	 2-ascorbyl	 glucoside	
(2 %) only caused a weak effect in the 

Table 2 O/W	test	emulsions	used	for	in vivo studies.

Fig. 3 Prevention	of	skin	pigmentation	–	Impact	on	ITA°	value	by	new	cosmetic	
ingredient	MBP.
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overall inhibition of melanogenesis and 
in	the	prevention	of	skin	yellowing.	Only	
the	new	ingredient	MBP	was	able	to	cause	
a change in the b* value towards a lower 
yellow saturation in skin color. It was also 
clearly shown that the manifestation of 
shifting the b* parameter of skin color 
towards less yellow took place in a dose-
dependent manner as shown in Fig.4 with 
the delta b*-value change. 
It was found that the new skin brightening 
ingredient	 MBP	 differentiates	 itself	 from	
known skin color modulating cosmetic ac-
tives by its unique ability to shift the skin 
color from a yellowish complexion to a lumi-
nous porcelain-like skin tone. This is linked 
to an enhancement of freshness and radi-
ance in the overall appearance of skin.
For	the	time	being	we	can	only	speculate	
to explain the rationale behind the yel-
lowness reduction in skin color. The search 
for an explanation of this mechanism will 
be	the	topic	of	further	investigations.	One	
hypothesis	 is	 that	 MBP	 is	 affecting	 the	
ratio of pheo- and eumelanins in such a 
way that this shift occurs, having a posi-
tive impact on skin complexion.

■■ Formulation	Options

As mentioned above the market demand 
for efficient and powerful products to 
improve skin brightening and to make 
it visible is constantly high. A variety 
of different actives is available but the 
compatibility of the suitable ingredients 
within a formulation remains the limit-
ing factor. The simplest approach is to 
combine appropriate brightening ac-
tives in one formulation to achieve safe 
and	attractive	market	products.	Further-
more combining actives with different 
mode of action offers the advantage to 
increase the efficiency of the formula-
tion by targeting different biochemical 
pathways simultaneously.
To carry out attractive and market-fit-
ting skin brightening products we chose 
the following ingredients for smart and 
effective combinations.

•	 	Emblica®	–	a	natural	extract	out	of	
the Amla fruit

•	 	Nicotinamide	(RonaCare®	Nicotin-
amide)	–	a	well-established	vitamin	B3 

•	 	Magnesium	ascorbyl	phosphate	
(RonaCare®	MAP)	–	as	a	stable	 
Vitamin C derivative

•	 	Methoxyphenyl	t-Butylphenyl	
Propanediol	(RonaCare®	Pristine	
Bright™)	–	a	new	safe,	stable	and	 
effective skin brightening agent

■■ Formulation	Recommendations	

Formulating with Emblica Phyllanthus 
(Fruit) Extract: 
Emblica Phyllanthus (Fruit)	Extract	(Emblica®)	 
is a natural and safe extract gained from 
the Phyllanthus emblica fruits by a wa-
ter-based process. It offers very good 
antioxidant and skin brightening prop-
erties by acting at several sites in the 
melanogenesis	pathway.	Key	bio-active	
ingredients responsible for the inhibition 
of the pigmentation formation process 
are its low molecular hydrolysable tan-
nins. 
The recommended use level of Embli-
ca	 Phyllanthus	 (Fruit)	 Extract	 for	 skin	
brightening	 effects	 is	 1	 to	 2	%.	 Non-
ionic or anionic emulsifiers can be used 
to develop stable oil-in-water or water-
in-oil	emulsions.	For	the	development	of	
gels, electrolyte tolerant gelling agents 
should be selected. 
For	incorporation	in	emulsions,	Emblica	
Phyllanthus	 (Fruit)	 Extract	 can	 be	 best	

added as a pre-dispersion in water with 
a	 moderate	 agitation	 below	 40	°C.	 To	
maintain its activity and stability, the pH 
of the formulation must be acidic, pref-
erably	 below	 5.5.	 Emblica Phyllanthus 
(Fruit)	 Extract	 is	 an	 off-white	 to	 fawn	
powder with characteristic odor result-
ing to off-white to beige oil-in-water 
emulsions that may darken over time, 
especially	at	higher	temperature.	For	this	
reason, the finished product should be 
protected from light and heat. 
Color improvement of the finished 
product can be achieved by addition 
of small amount of sodium metabisul-
fite (≤0.1 %) along with ascorbic acid 
(≤0.05	%).	Alpha	hydroxy	acids	support	
the efficacy of lightening formulations 
and reduce a possible color shift of 
the	product	as	well.	Moreover	combi-
nations with high covering functional 
fillers offer options to realize whiter 
formulations. Emblica Phyllanthus 
(Fruit)	Extract	is	compatible	with	other	
skin lightening agents as long as the pH 
of the formulation is acidic. Therefore 
such ingredients like magnesium or so-
dium ascorbyl phosphate that require 
neutral pH conditions should not be 
included in the formulation. 
As Emblica Phyllanthus	(Fruit)	Extract	is	
a very good chelator of iron and copper 
ions, contact with those metals should 
be avoided and manufacturing should 
be conducted in stainless steel vessels.

Fig. 4 Yellowness	reduction	–	Impact	on	skin	color	parameter	b*	by	new	cosmetic	
ingredient	MBP.
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Formulating with Niacinamide:
Niacinamide	 (RonaCare®	Nicotinamide)	
is a water-soluble multi-talented ingre-
dient	 of	 the	 vitamin	 B	 group	 (vitamin	
B3).	Besides	many	well-reported	benefi-
cial effects on skin conditions, it provides 
skin brightening properties by inhibiting 
the transport of the melanin-contain-
ing melanosomes from the melanocytes 
to the keratinocytes of the epidermis. 
Niacinamide	is	a	white	odorless	crystal-
line powder freely soluble in water and 
ethanol. 
It is stable towards oxygen, light, heavy 
metals	and	at	a	pH	range	from	5.0	to	7.5.	
More	acidic	or	more	alkali	environments	
should	be	avoided	as	Niacinamide	would	
be hydrolyzed to nicotinic acid which 
is far less water-soluble (crystallization 
could occur) and might result in skin 
irritation. 

Niacinamide	 can	 be	 added	 to	 the	 wa-
ter phase of emulsions and gels and be 
heated	up	to	80	°C.	Use	levels	up	to	5	%	
can be considered.
The high solubility, good compatibility 
and specific mode of action influencing 
the biological pathway of pigmentation 
of	Niacinamide	make	it	an	ideal	ingredi-
ent to enrich any kind of water-based 
skin brightening product.

Formulating with Magnesium  
Ascorbyl Phosphate:
Magnesium	Ascorbyl	Phosphate	(Rona-
Care®	MAP)	is	obtained	via an enzymatic 
process by a regiospecific phosphorylation 
of vitamin C to yield the magnesium salt of 
the 2-phosphate ester of L-ascorbic acid. 
It represents a highly stable derivative of 
Vitamin C that is used for its antioxidant, 
anti-aging and skin lightening proper-

ties. Unlike L-ascorbic acid, it is stable 
when exposed to air or light and does not 
readily degrade in the presence of water. 
Therefore it offers a solution for devel-
oping formulations with a vitamin C that 
remains perfectly stable for the long-term. 
Magnesium	Ascorbyl	Phosphate	is	a	white	
to pale yellowish non-odorous powder. It 
has good solubility in water and can be 
added either directly to the water phase 
of a formulation prior to heating or as a 
pre-dissolved solution in water at the end 
of the formulation process. 
As	 Magnesium	 Ascorbyl	 Phosphate	 may	
degrade in the presence of metal ions, 
chelating	agents	(e.g.	disodium-EDTA,	so-
dium	citrate)	should	be	used.	For	emulsions,	
nonionic emulsifiers are recommended to 
avoid any interaction with this high elec-
trolytic ingredient. When formulating gels, 
electrolyte tolerant gelling agents should 

PArT TrADE NAME INCI NAME (%)

A

ronaCare® Pristine Bright™ (Merck) METHOXYPHENYL T-BuTYLPHENYL PrOPANEDIOL 1.00

Eusolex®	T-S	(Merck) TITANIUM	DIOXIDE	(NANO),	ALUMINA,	STEARIC	
ACID 8.00

RonaCare®	AP	(Merck) BIS-ETHYLHEXYL	HYDROXYDIMETHOXY	 
BENZYLMALONATE 2.00

KF-6017	(Shin	Etsu) PEG-10	DIMETHICONE 4.00
Dow	Corning	9040	Silicone	Elastomer	Blend	(Dow	
corning) 

CYCLOPENTASILOXANE,	DIMETHICONE	 
CROSSPOLYMER 5.00

Dow	Corning	FZ-3196	(Dow	corning) CAPRYLYL	METHICONE 12.00
Dermofeel	sensolv	(Dr.	Straetmans) ISOAMYL	LAURATE 3.00

B 

ronaCare® Nicotinamide (Merck) NIACINAMIDE 3.00
RonaCare®	Ectoin	(Merck) ECTOIN 0.50
Water, demineralized AQUA ad 100
Sodium	Chloride	(Merck) SODIUM	CHLORIDE 1.00
1,2-Propanediol	(Merck) PROPYLENE	GLYCOL 3.00
Complexing agent q.s.
Preservatives q.s.

C

RonaFlair®	LDP	White	(Merck) SODIUM	POTASSIUM	ALUMINUM	SILICATE,	CI	
77891,	SILICA 3.00

Timiron®	SynWhite	Satin	(Merck) SYNTHETIC	FLUORPHLOGOPITE,	CI	77891,	TIN	OXIDE 0.20
Colorona®	Imperial	Topaz(Merck) MICA,	CI	77163,	CI	77491,	CI	77492,	CI	77499 0.20
SAT-R-33128	(Miyoshi) CI	77491,	DIMETHICONE 0.26
SA-C335000-10	(Miyoshi) CI	77499,	DIMETHICONE 0.15

MiBrid	Color	Powder	SA/NAI-Y-10	(Miyoshi) CI	77492,	DIMETHICONE,	DISODIUM	CAPRYLOYL	
GLUTAMATE 0.60

MiBrid	Color	Powder	SA/NAI-TR-10	(Miyoshi) CI	77891,	DIMETHICONE,	DISODIUM	CAPRYLOYL	
GLUTAMATE 1.00

Appearance: Chocolate milk teinted lotion
Viscosity (22 °C):	12,000	mPas	(Brookfield	RVT,DVII+,	Helipath	spindle	C,	10	rpm)
Stability: 3	months	at	40	°C,	FTC	(-5	°C	to	40	°C),	5	°C,	RT	and	1	week	at	50	°C

Formulation 1 Beauty	Color	Control	–	W/Si	emulsion	with	Methoxyphenyl	t-Butylphenyl	Propanediol	and	Niacinamide.
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be selected and polymeric emulsifiers 
should be pre-neutralized before adding 
Magnesium	Ascorbyl	Phosphate.	It	is	also	
important to adjust the pH of the final 
product	at	a	neutral	value	as	Magnesium	
Ascorbyl	Phosphate	may	discolor	in	formu-
lations	with	a	pH	below	6.	For	this	reason,	
combinations with the above cited Embli-
ca®	are	not	suitable.	The	recommended	use	
level	of	Magnesium	Ascorbyl	Phosphate	for	
skin brightening purposes is up to 3 %.

Formulating with Methoxyphenyl  
t-Butylphenyl Propanediol:
Methoxyphenyl	 t-Butylphenyl	 Propane-
diol	 (RonaCare®	 Pristine	 Bright™)	 is	 a	
highly pure synthetic active which is very 
easy to handle. It appears as a white odor-
less powder that allows the development 
of	snowy/pristine	white	formulations.	The	
particularity	of	Methoxyphenyl	t-Butyl-
phenyl	Propanediol	is	that	it	is	oil-soluble	
unlike the vast majority of existing skin 
brighteners. Thanks to its high heat stabil-
ity and high solubility in cosmetic solvents 

(best in polar emollients and liquid UV 
filters), it can be easily incorporated into 
the oil phase of oil-in-water or water-
in-oil emulsions and gels. Recommended 
use	 levels	are	0.3	%	to	2	%.	Due	to	 the	
high	compatibility	of	Methoxyphenyl	t-
Butylphenyl	 Propanediol	 with	 cosmetic	
raw materials (no incompatibility known 
so far), numerous combination options 
with any kind of other active ingredi-
ents - including skin brighteners - are 
possible, thus providing almost unlimited 
freedom	to	formulate.	Methoxyphenyl	t-
Butylphenyl	 Propanediol	 can	 indeed	 be	
incorporated in any product having  an 
oil phase and can be therefore suitable 
for decorative cosmetics.

■■ 	Attractive	Skin	Brightening	 
Formulations

As	 the	 global	 trend	 to	 use	 BB	 or	 CC	
creams for radiance with enriched skin 
protection is still lasting, we chose a 

water-in-silicone CC formulation to 
demonstrate the compatibility of two 
skin	 brightening	 ingredients	 Nicotin-
amide	and	the	new	stable	and	safe	Me-
thoxyphenyl	t-Butylphenyl	Propanedi-
ol. The oil soluble skin brightener could 
be	incorporated	into	the	silicone	phase/
framework/network	of	the	formulation.	
The dual approach meaning one skin 
brightener active in the water phase 
and the other one in the silicone phase 
results in a smart and simple formula-
tion processing. This formulation is in 
addition enriched with a powerful an-
tioxidant, an inorganic UV filter and a 
functional filler to achieve immediate 
perfection.	Selected	 low	tinting	 inter-
ference pigments define a beautiful 
skin color shade to be used on different 
skin types (Formulation 1).
The	combination	of	Methoxyphenyl	t-
Butylphenyl	 Propanediol	 (RonaCare®	
Pristine	Bright™)	with	a	natural	Emblica 
Phyllanthus	(Fruit)	Extract	could	be	car-
ried out in the Formulation 2.	By	taking	

WHiteninG

Formulation 2 Neck	&	Décolleté	Care	–	O/W	gel	with	Methoxyphenyl	t-Butylphenyl	Propanediol	and	natural	extract	 
Phyllanthus Emblica Extract.

PArT TrADE NAME INCI NAME (%)

A

Emblica® (Merck) PHYLLANTHuS EMBLICA EXTrACT 2.00
Water, demineralized AQUA ad 100
Tris(hydroxymethyl)-aminomethane	(Merck) TROMETHAMINE 0.50
Complexing agent q.s.
Rhodicare	S	(Rhodia) XANTHAN	GUM 0.50

B

ronaCare® Pristine Bright™ (Merck) METHOXYPHENYL T-BuTYLPHENYL PrOPANEDIOL 1.00

RonaCare®	AP	(Merck) BIS-ETHYLHEXYL	HYDROXYDIMETHOXY	 
BENZYLMALONATE 1.00

Cetiol	B	(BASF) DIBUTYL	ADIPATE 8.00
Tegosoft	TN	(Evonik) C12-15	ALKYL	BENZOATE 8.00
Myritol	331	(BASF) COCOGLYCERIDES 3.00
Tegosoft liquid (Evonik) CETEARYL	ETHYLHEXANOATE 2.00
Xiameter®	PMX-200	(100cs)	(Dow	Corning) DIMETHICONE 2.00
Jojoba	Oil	(Henry	Lamotte) SIMMONDSIA	CHINENSIS 1.00

Pemulen	TR-2	(Lubrizol) ACRYLATES/C10-30	ALKYL	ACRYLATE	 
CROSSPOLYMER 0.20

C
Eusolex®	UV-Pearls®	OB-S	(Merck)

AQUA,	OCTOCRYLENE,	SORBITOL,	BUTYL	METHOXY- 
DIBENZOYLMETHANE,	SILICA,	PVP,	CHLORPHENESIN,	
PHENOXYETHANOL,	DISODIUM	EDTA

12.00

Preservatives q.s.
Fragrance PARFUM q.s.

Appearance: Light beige gel. pH (22 °C): 5.3
Viscosity (24 °C):	12,000	mPas	(Brookfield	DVII+	Pro,	Helipath	spindle	B,	10	rpm)
Stability: 3	months	at	40	°C,	FTC	(-5	°C	to	40	°C),	5	°C,	RT	and	1	week	at	50	°C
Store	in	opaque	packaging.
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the above mentioned formulation re- 
commendations for the natural extract 
into account like e.g. incorporating the 
extract into the water phase combined 
with an appropriate rheology modifier 
one ends up with a light beige gel offe- 
ring natural power to brightening skin 
plus antioxidant protection. The oil 
phase is furthermore enriched with skin 
barrier supporting agents. An encapsu-
lated UV filter system plus a multifunc-
tional synthetic antioxidant complete 
the overall protection of delicate skin 
with this potent formulation.
An alternative fresh and modern for-
mulation may be prepared using  
M.	 Ascorbyl	 Phosphate,	 Nicotinamide	
and	the	new	skin	brightener	Methoxy-
phenyl	 t-Butylphenyl	 Propanediol	
(RonaCare®	Pristine	Bright™).	This	com-
bination of 3 different skin brighten-
ing actives associated to an anti-aging 
liposome based unique cyclic peptide 
(RonaCare®	 Cyclopeptide-5)	 and	 a	
functional filler provide a smooth and 
pleasant application and feel on skin 

that is easy spreadable. It is a light lo-
tion to be used at all age stages of life. 
The formulation (Formulation 3) is ex-
pected to work via different melano-
genesis impacting pathways. 

■■ Summary

Flawless,	bright	and	radiant	skin	is	one	
of	 consumer´s	 strongest	 demands	 in	
today’s cosmetic business. The desire 
for a homogenous luminous skin com-
plexion is driven by scientific evidence 
that such an appearance contributes 
substantially to age perception. Herein 
it has been proven by a clinical study 
that the new cosmetic active ingredi-
ent	Methoxyphenyl	 t-Butylphenyl	Pro-
panediol has a substantial contribution 
to modulate skin complexion towards 
radiant and porcelain-like appearance. 
Skin	 was	 brightened	 and	 unattractive	
yellowness was counteracted by induc-
ing a yellowness reduction meaning a 
shift toward a porcelain skin color as 

shown by the change of the color pa-
rameter b*. The formulation aspect of 
this stable and safe skin brightener was 
further evaluated in combination with 
other established skin brightening ingre-
dients. All formulations represent stable 
options with high elegance for market 
use.	 Further	 data	 assessing	 efficacy	on	
hyperpigmentation are under evaluation 
and will complete the overall set up of 
data regarding the new skin brighten-
ing	 active	 ingredient	 Methoxyphenyl	 
t-Butylphenyl	Propanediol.
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Formulation 3 Ultra	Smooth	Yoghurt	Shake	–	O/W	lotion	with	Methoxyphenyl	t-Butylphenyl	Propanediol,	Niacinamide	and	
Magnesium	Ascorbyl	Phosphate.

PArT TrADE NAME INCI NAME (%)

A

ronaCare® Pristine Bright™ (Merck) METHOXYPHENYL T-BuTYLPHENYL PrOPANEDIOL 1.50

RonaCare®	AP	(Merck) BIS-ETHYLHEXYL	HYDROXYDIMETHOXY	
BENZYLMALONATE 0.50

Montanov	S	(Seppic) COCO-GLUCOSIDE,	COCONUT	ALCOHOL 3.00

Montanov	202	(Seppic) ARACHIDYL	ALCOHOL,	BEHENYL	ALCOHOL,	
ARACHIDYL	GLUCOSIDE 1.00

Tegosoft	DEC	(Evonik) DIETHYLHEXYL	CARBONATE 8.00
Crodamol	IPIS	(Croda) ISOPROPYL	ISOSTEARATE 7.00
RonaFlair®	Boroneige®	SF-3	(Merck) BORON	NITRIDE 3.00

B

ronaCare® Nicotinamide (Merck) NIACINAMIDE 2.00
ronaCare® MAP (Merck) MAgNESIuM ASCOrBYL PHOSPHATE 1.50
Water, demineralized AQUA ad 100
Complexing agent q.s.
Glycerol	85	%	(Merck) GLYCERIN 3.00
Rhodicare	S	(Rhodia) XANTHAN	GUM 0.60

C
RonaCare®	Cyclopeptide-5	(Merck) AQUA,	ALCOHOL,	LECITHIN,	ECTOIN,	CYCLOTETRA-

PEPTIDE-24	AMINOCYCLOHEXANE	CARBOXYLATE 2.00

Preservatives q.s.
Fragrance PARFUM q.s.

Appearance: White lotion
pH (23 °C):	6.9
Viscosity (23 °C): 7,500	mPas	(Brookfield	DVII+	Pro,	Helipath	spindle	B,	10	rpm)
Stability:	3	months	at	40	°C,	FTC	(-5	°C	to	40	°C),	5	°C,	RT	and	1	week	at	50	°C
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complementary approach mainly target-
ing second defense line, meaning reduc-
ing damage that nevertheless may occur in 
the skin considering an over-exposure to 
HEVL (blue light) and / or IR-A radiations. 

Cosmetic ingredients from different ori-
gins were selected: two ingredients known 
for their antioxidant properties: a synthe-
tic one, Bis-ethylhexyl hydroxydimethoxy 

INTRODUCTION

Appropriate and controlled doses of UV, 
HEVL and IR may be beneficial for solving 
different skin problems; however, protec-
tion in all these ranges is needed. It often 
remains in mind that photoprotection is 
mainly a matter of UV protection. However, 
all solar radiation leads to the formation of 
radical oxygen species (ROS), and an ex-
cess of free radicals in the skin contributes 
to premature skin aging and wrinkling. 
Visible light, and especially high-energy 
visible light (HEVL, 400 - 500 nm), notably 
triggers pro-inflammatory cytokines, the 
expression of different matrix metallopro-
teinases, and / or oxidation of proteins. All 
these markers play a role in accelerating 
skin aging (e.g. sagging skin, inflammation, 
wrinkles, and pigmentation disorders). In 
comparison, infrared (IR) radiation has 
the lowest energy level, but its contribu-
tion to the solar spectrum reaching the 
human skin is about 45 % [1]. Therefore, 
the biological impact on the skin may be 
strong [2]. IR light, and particularly IR-A 
(700 - 1400 nm), induces significant free 
radicals in the dermis and diminishes the 
skin’s antioxidant capacity [3]. Additionally, 
at high doses, harmful effects are reported 
[4]. IR radiation has been shown to alter the 
collagen content of the dermal extracellular 
matrix (ECM), not only by causing increased 
expression of the collagen-degrading en-
zymes MMPs, but also by decreasing de 
novo collagen synthesis [4]. 

There are already powerful solutions to 
achieve light protection beyond UV, nota-
bly in the HEVL and IR-A ranges, consider- 
ing the first-line defense strategy that 
means preventing any radiation from pene- 
trating the skin. To achieve this first-line 
defense protection appropriate combina-
tions of specific titanium dioxide UV filters 
and mica-based functional fillers could be 
used [5, 6]. In this work, we present a 

Abstract 

Research Objective
The effect of solar radiation in the blue 
light or high energy visible light range, as 
well as in the longer wavelengths such 
as infrared, is an increasingly important 
topic of research. Indeed, the potential 
damage to the skin is a real issue for the 
skin. There is therefore a need to iden-
tify efficient cosmetic solutions enabling 
protection of the skin beyond UV range. 

Experimental methods
We present here facts showing the per-
formance of different ingredients on hu-
man explants after irradiation with blue 
light and IR-A in 2 different ex-vivo stu-
dies. Ingredients of different origin were 
applied to human explants. An emulsion 
containing a titanium dioxide UV filter 
grade (first-line defense equivalent to a 
physical barrier) was tested, as well as 

second-line defense ingredients: 2 anti-
oxidants, the natural extract Phyllanthus 
Emblica fruit extract and the synthetic 
Bis-ethylhexyl hydroxydimethoxy ben-
zylmalonate, and a natural cell protector 
Ectoin. These ingredients are described 
as second-line defense ingredients 
(equivalent to a biochemical protection 
barrier in the skin).  Finally, the perfor-
mance of the self-tanner dihydroxyace-
tone was also investigated. To assess 
the level of efficacy of the ingredients, 
different and representative biochemical 
markers were immunostained.

Main observations
Our findings showed that all tested 
products had very good performance 
on several biochemical parameters and 
in both wavelengths ranges. Photoag-
ing damage may therefore be slowed 
down and the onset of aging may be 
delayed.
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benzylmalonate (HDBM) and a natural 
extract, Phyllanthus Emblica Fruit Extract. 
Furthermore, we selected a natural cell 
protection agent: Ectoin. Validating the 
link between a first-line defense strategy 
and the impact on biochemical markers 
after a stress with HEVL / IR-A was also in 
focus. Therefore, a fourth ingredient, in 
the form of an emulsion containing a ti-
tanium dioxide UV filter grade (UV-TiO2 /
SiO2), was tested. Finally, we included a 
compound that may act on both the first 
and second defense line: the well-known 
self-tanner dihydroxyacetone (DHA). We 
tested DHA knowing that dark-colored 
materials absorb in the visible range, and 
that a certain photo-protection ability 
of topically applied DHA had been pre-
viously briefly reported in the UV-A and 
HEVL ranges [7 - 8]. We also investigated 
the longer wavelengths (infrared range). 
The assessment of the protective effect 
of the different ingredients against HEVL 
and IR-A radiation was carried out on 
living human skin explants. To obtain a 
comprehensive picture of the mechanism 
of action and performance of the differ-
ent ingredients, multiple parameters were 
tested. Immunostaining of tropoelastin 
and MMP-1 was investigated for explants 
irradiated with IR-A and the expression of 
MMP-1, 8-OHdG, Opsin-3 and oxidized 
protein level were assessed for explants 
irradiated with HEVL.

EXPERIMENTAL

1. Products tested

Ectoin (1% in water)
Ectoin was first discovered in Ectothio-
rhodospira halochloris, a halophilic bacte-
rium that survives and grows in extreme 
conditions and high temperatures in salt 
lakes, saline soils, sea water and saline 
deserts. Meanwhile, other halophilic bac-
teria species, such as Halomonas elongata, 
have been found to generate Ectoin as a 
protective mechanism. Ectoin is a multi-
talented natural ingredient [9 - 10] nota-
bly showing immune system protection, 
cell protection, super moisturizing: for 
example, it notably induces moisture ac-
cumulation in skin that is still detectable 
7 days after application [35]. In addition, 
Ectoin protects against protein oxidation 

induced by dehydration stress (27), anti-
aging (e.g., roughness reduced by 53% 
and wrinkle volume reduced by 23% after 
4 weeks treatment on the skin (36)) and 
has anti-pollution properties. Ectoin is an 
ingredient from Merck KGaA, Darmstadt, 
Germany. 

Phyllanthus Emblica fruit extract 
(Emblica) (0.5% in water)
Emblica is obtained from Phyllanthus 
Emblica officinalis, also known as Indian 
gooseberry, a sustainable resource that 
is well known in Ayurvedic medicine. It 
has long-lasting antioxidant properties: a 
DDPH test showed how Emblica retains 
full antioxidant activity after 12 months 
at 45 °C, whereas other ingredients (vi-
tamin C, rosemary extract, pine antioxi-
dant, vitamin E) failed [11]. Emblica also 
shows excellent singlet oxygen/superoxide 
anion/hydroxyl radical quenching abili-
ties (against 1O2 : IC50(Emblica) 61 μg / ml, 
IC50(Trolox) 84 μg / ml; against 

.
O2- : 

IC50(Emblica) 12 μg / ml, IC50(Vit C) 26 μg / ml, 
IC50(Trolox) 360 μg / ml), as well as strong 
metal-chelating properties in comparison 
with other chelators tested (for instance, 
vitamin C, pine antioxidant, green tea) 
[12, 26].  Emblica fruit extract is an ingredi-
ent from Merck KGaA, Darmstadt, Germany.

Bis-ethylhexyl hydroxydimethoxy 
benzylmalonate (HDBM) 
(1% in ethanol)
It is a pure, stable, and transparent cos-
metic oil that can be directly added to 
the oil phase of an emulsion and remains 
stable at higher temperatures (up to 80 °C) 
and over a broad pH range [4 - 8].

HDBM is a powerful and long-lasting 
antioxidant. It is notably as stable as 
α-tocopherol acetate and as active as 
ascorbic acid simultaneously (DPPH test). It 
has been proven to combine high efficacy 
with lasting stability in cosmetic emul-
sions. It can provide four equivalents of 
hydrogen for radical scavenging purposes 
(one phenolic, two benzylic, one malonic). 
The oxidation product of HDBM itself has 
antioxidant properties and its activity is 
therefore maintained over time [13].
 
As a result of oxidation, the single bond 
(HDBM) can be converted into a double 

bond (HDBMox), which then possesses 
the ability to quench singlet oxygen, thus 
ideally completing the system [14]. HDBM 
is an ingredient from Merck KGaA, Darm-
stadt, Germany. 

Titanium dioxide UV filter grade (INCI:  
titanium dioxide, silica) (acronym for the 
rest of the text UV-TiO2 / SiO2) used in  
3 % o/w emulsion. UV-TiO2 / SiO2 is a 
100 % inorganic UV filter, transparent on 
the skin, with an efficient broad-spectrum 
efficacy in the UVA/B range. It also pro-
vides first-line defensive efficacy against 
HEVL, visible and IR radiation, as shown in 
previous experiments by Rozman et al. [6]. 
UV-TiO2 / SiO2 is an ingredient from Merck 
KGaA, Darmstadt, Germany.

Dihydroxyacetone (DHA) (2% in water)
DHA of high purity, is a self-tanning agent 
produced by a biotechnological process 
providing strong skin coloration efficacy. 
DHA reacts with the proteins and amino 
acids of the horny layer of the skin (Mail-
lard reaction), in which resulting polymers 
have the well-known intense brown color. 
DHA is an ingredient from Merck KGaA, 
Darmstadt, Germany.

2. Experiments investigating HEVL 
impact on human skin explants

Explant preparation
Human skin explants were prepared in 
an abdominoplasty from a 45-year-old 
Caucasian woman (skin phototype II). The 
explants were kept in survival in a spe-
cific culture medium (BIO-EC’s Explants 
Medium) at 37 °C in a humid, 5 % CO2 
atmosphere. Three explants per treatment 
were used for the experiments. On day 0, 
day 3 and day 4 (before blue light irra-
diation), the tested products were applied 
topically. The blank batch did not receive 
any treatment except the renewal of the 
culture medium. On day 4, the explants of 
the relevant batches were irradiated with 
the Solarbox® blue light using a dose of 
84.96 J/cm² for 4 hours. 

Immunostaining of Opsin-3
Opsin-3 is expressed in several tissues, in-
cluding skin. It serves as a sensor for blue 
light in melanocytes and therefore func-
tions as a sensor for visible light pigmenta-
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tion. Opsin-3 appears to be a new potential 
target for regulating melanogenesis [15].

Opsin-3 immunostaining was performed 
on paraffin sections with a polyclonal anti-
Opsin-3 antibody (Novus Biologicals, ref. 
NBP2-55726) diluted at 1:50 in PBS-BSA 
0.3 %-Tween 20 at 0.05 % for 1 hour 
at room temperature, using a Vectastain 
Kit Vector amplifier system avidin/biotin, 
and revealed by VIP, a violet substrate of 
peroxidase (Vector, ref. SK-4600). The 
immunostaining was performed using an 
automated slide processing system (Au-
tostainer, Dako) and assessed by micro-
scopic observation. Three pictures were 
taken per explant, meaning 9 pictures 
were available for each treatment.

8-OHdG immunostaining
8-hydroxydesoxyguanosine (8-OHdG) 
reflects the degree of oxidative damage 
to DNA and contributes to signs of pre-
mature skin aging [16]. 8-OHdG immu-
nostaining was performed on paraffin 
sections with a monoclonal anti-8-OHdG 
antibody (Gentaur, ref. 50-MOG, clone 
N45-1) diluted at 1:100 in PBS-BSA 0.3 % 
at 0.05 % overnight at room temperature, 
using a Vectastain Kit Vector amplifier sys-
tem avidin/biotin, and revealed by VIP, a 
violet substrate of peroxidase (Vector, ref. 
SK-4600). The immunostaining was per-
formed manually and assessed by micro-
scopic observation, with semi-quantifica-
tion by image analysis. Three pictures were 
taken per explant, meaning  9 pictures 
were available for each treatment.

Oxidized proteins immunostaining
Accumulation of damaged proteins is one 
of the most fundamental features of ag-
ing. Carbonylated protein content is the 
usual general biomarker of severe oxi-
dative protein damage/inactivation. The 
oxidized proteins were stained on frozen 
sections after pre-incubation with DNPH 
(2,4-dinitrophenylhydrazine, Millipore, 
ref. 90448) and incubation with an anti-
DNP antibody (Millipore, ref. 90451) di-
luted at 1:250 in PBS, BSA 0.3 % for 1 h 
at 37 °C, with a biotin/streptavidin-ampli-
fying system and revealed with VIP, a violet 
substrate of peroxidase (Vector, ref. SK-
4600). The immunostaining was assessed 
by microscopic observation. Three pictures 

were taken per explant, meaning 9 pic-
tures were available for each treatment.

MMP-1 immunostaining
Matrix metalloproteinases (MMPs) are 
peptidase enzymes responsible for the 
degradation of ECM components. Irradia-
tion of human skin equivalents with HEVL 
induced production of MMP-1. HEVL ex-
posure therefore contributes to signs of 
premature skin aging [17].

MMP-1 immunostaining was performed 
on paraffin sections with a polyclonal anti-
MMP-1 antibody (Sigma, Ref M4696) di-
luted at 1:100 in PBS-BSA 0.3 %-Tween 
20 at 0.05 % for 1 h at room tempera-
ture, using Vectastain Kit Vecot amplifier 
system avidin/biotin and revealed by VIP, 
a violet substrate of peroxidase (Vector 
Laboratories, ref SK-4600). The immuno-
staining was performed using an automat-
ed slide processing system (Autostainer, 
Dako) and assessed by microscopic ob-
servation. Three pictures were taken per 
explant, meaning 9 pictures were available 
for each treatment.

Known impacts of blue light exposure 
on these markers, as well as their desired 
modulation on treatment with the differ-
ent products, are summarized in Table I.

Image analysis method
Image analyses were performed on all 
images in each batch, according to the 
following method using Cell^D software. 
For each batch of explants, the percentage 
of the region of interest covered by the 
staining (stained surface percentage) was 
determined by image analysis (see raw va-
lues in Table II-VII). We thus expressed all 
our results in percentage terms relative to 
control and/or irradiated control.

Statistical analysis
Statistical analysis was performed using 
Student t-test. 

3. Experiments investigating infrared
A light (IR-A) on human skin explants

Explant preparation
Human skin explants were prepared on 
an abdominoplasty from a 61-year-old 
Caucasian woman (Fitzpatrick skin pho-

totype II-III). The explants were kept alive 
in a specific culture medium (BIO-EC’s 
Explants Medium) at 37 °C in a humid, 
5 % CO2 atmosphere. On day 0, day 3, 
day 4 (3 hours before IR irradiation), day 
5 and day 6, the tested products were 
applied topically, followed by 10 minutes 
of drying. The blank batch did not receive 
any treatment except the renewal of the 
culture medium. The culture medium was 
half-renewed (1 ml / well) on day 3 and  
day 5. Irradiation of the explants was done 
using an infrared lamp (Dr Fischer 1000W, 
235V 2500 K; 760 - 3000 nm), for 5040 
seconds (720J / cm2) with an intensity of 
143 mW / cm2. According to Weiss et al. 
[32], the NIR irradiance of the solar spec-
trum is 72 mW / cm2. So, the device is ap-
proximately twice as powerful as the sun: 
it takes half the time of the sun to deliver 
the same dose of NIR. The dose 720 J / cm2 

was determined according to Schroeder 
et al [19]. According to Barolet et al. [33], 
this dose of 720 J / cm2 can be described 
as medium. It was delivered in 1 hour and 
24 minutes, which corresponds to a solar 
exposure of 2 hours and 48 minutes.

To avoid temperature increases, and there-
fore heat damage known to occur in the 
IR-B and IR-C ranges [18], we focused on 
the IR-A range, and water filter and IR760 
filter were also used to achieve the follow-
ing IR range 700 - 1150 nm. The explants’ 
temperature was measured before and 
after IR irradiation. The explants’ tempera-
ture was maintained at 37 °C (max 39 °C) 
by a specially adapted refreshing system.

MMP-1 immunostaining
See above in the HEVL section. It is known 
from literature that the irradiation of hu-
man skin equivalents with infrared light 
induces production of MMP-1 [19].

Tropoelastin
Elastic fibers are found in the ECM of con-
nective tissue, providing elasticity and re-
silience to tissues.

Due to extreme insolubility of elastin, we 
focused on its soluble precursor, tropo-
elastin.

Under a single and medium IR-A irradia-
tion, elastic fibers are degraded and expres-
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sion of tropoelastin units is reduced [20]. 
Tropoelastin immunostaining was carried 
out on frozen sections with a monoclonal 
anti-tropoelastin antibody (Chemicon, ref 
MAB2503, clone 10B8) diluted at 1:200 
in PBS-BSA 0,3 % overnight at 4 °C, using 
Vectastain Kit Vector amplifier system avi-
din / biotin and revealed by AF488 (Lifetech-
nologies, ref. A11001). The nuclei were 
counterstained by propidium iodide. The 
immunostaining was assessed by micro-
scopic observation. Three pictures were 
taken per explant, meaning 9 pictures were 
available for each treatment.

Known impacts on IR-A exposure on these 
2 markers, as well as their desired modula-
tion on treatment with the different prod-
ucts, are summarized in Table I.

RESULTS AND DISCUSSION

1. Results of the ex vivo study 
investigating HEVL impact 
on human skin explants

All raw data have been summarized in 
Tables II-VII.

Immunostaining of oxidized proteins
Oxidized proteins were stained in the pa-
pillary dermis, and the results showed the 
following outcome:

tion containing UV-TiO2 / SiO2  (- 47 %**; 
p < 0.01), Emblica (- 44 %**; p < 0.01), 
Ectoin (-59 %**; p < 0.01) and DHA 
(- 61%**; p < 0.01) (see Figure 1 and raw 
data on Table V). In the case of HDBM 
(solubilized in ethanol), no comparison 
with irradiated ethanol control explant is 
available. However, the intensity of the 
oxidized protein immunostaining vs the ir-
radiated control could be very significantly 
decreased (data not shown).

Immunostaining of 8-OHdG
Nuclear and mitochondrial DNA oxidation 
occur most readily in guanine residues 
owing to the high ionization potential 
of this base. 8-hydroxydesoxyguanosine 
(8-OHdG) is one of the predominant forms 
of free-radical-induced oxidative lesions in 
humans [16]. The interaction of hydroxyl 
radicals with the double bond at the C-8 
position of the guanine base leads to the 
production of 8-OHdG. This stable oxida-
tive modified DNA product has extensively 
been used to reflect the degree of oxida-
tive damage to DNA [21].

After HEVL exposure, the formation of 
8-OHdG is significantly increased by 
37 %* (p < 0.05) in the epidermis com-
pared with the control batch at day 5. 
Upon exposure of the human explants 
to HEVL and application of the products, 

The blue light irradiation induced a visible 
and very significant increase of 95 %** 
(p < 0.01) of oxidized protein formation in 
the papillary dermis relative to the control 
batch at day 5. Upon exposure of the hu-
man explants to HEVL, and application of 
the products, the intensity of the oxidized 
protein immunostaining was visibly and 
significantly reduced for all products vs the 
irradiated untreated control: the formula-
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Table I  Impact of blue light and IR light on literature-known biomarkers 

and envisioned modulation upon treatment with the tested products.

Figure  1  Immunostaining of oxidized proteins. Representative pictures at day 5. 

(a) control; (b) control + HEVL; (c) Ectoin + HEVL: - 59 %** vs (b); (d) DHA + HEVL: - 61 %** vs (b); 

(e) formulation cont. UV-TiO2 / SiO2 + HEVL: - 47 %** vs (b); (f) Emblica + HEVL: - 44 %** vs (b). 
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it could be observed that the 2 follow-
ing products were able to decrease the 
levels of 8-OHdG compared with the 
irradiated control at a similar level: the 
formulation containing UV-TiO2 / SiO2 
(-13 %*, p < 0.05), Emblica (-15 %*, 
p < 0.05). Ectoin did not show any im-
pact on 8-OHdG levels vs the irradi-
ated control. (Figure 2 and Table IV).  
In the case of HDBM (solubilized in etha-
nol), no comparison with irradiated etha-
nol control explant was available. How-
ever, the intensity of 8-OHdG immunos-
taining vs the irradiated control could be 
significantly decreased (data not shown).

Immunostaining of Opsin-3
Opsins are members of the guanine nucle-
otide-binding protein (G protein)-coupled 
receptor superfamily. In addition to the 
visual opsins, mammals possess several 
photoreceptive non-visual opsins that 
are expressed in extra-ocular tissues. This 
gene, Opsin-3, is expressed in several tis-
sues, including the skin. It has been re-
cently shown that melanocytes sense blue 
light and regulate pigmentation through 
Opsin-3 [15]. HEVL exposure induced a 
significant increase of 72 %** (p < 0.01) 
in Opsin-3 expression in the epidermis vs 
control at day 5. The strongest decrease in 
Opsin-3 after irradiating the explants with 

provided a decrease in immunostaining of 
23 % # (p < 0.1) vs irradiated control and 
Emblica, a decrease of -23 %* (p < 0.01) 
vs irradiated control.

The synthetic antioxidant (HDBM) did 
not show any significant decrease vs  
irradiated control in this test. See also raw 
data in Table III.

Immunostaining of MMP-1
Matrix metalloproteinases (MMPs) are a 
family of peptidase enzymes responsible 
for the degradation of extracellular matrix 
components, including collagen I, gelatin, 
fibronectin, laminin and proteoglycan. 
HEVL exposure notably induces MMP-1 
expression, and therefore contributes to 
signs of premature skin aging [17]. HEVL 
irradiation induced a significant increase 
of 77 %* (p < 0.05) of MMP-1 expres-
sion in the epidermis vs control at day 5. 
The intensity of MMP-1 immunostain-
ing is visibly and significantly decreased 
for all products vs the irradiated control. 
Nonetheless, HDBM showed the strongest 
performance and was able to decrease by 
31 %** (p < 0.01) MMP-1 expression in 
the epidermis in comparison with the ir-
radiated ethanol control and correspond-
ing to -36 %** vs irradiated control. The 
other products also decreased MMP-1 lev-
els vs irradiated control: the formulation 

HEVL and treating them with the products 
was observed for the emulsion containing 
3 % UV-TiO2 / SiO2 (-37 %** vs irradiated 
control; p < 0.01). The reduction in immu-
nostaining intensity is significantly visible 
as shown in Figure  3. With Ectoin treat-
ment and HEVL irradiation, a decrease 
in the Opsin-3 level of 24 %** (p < 0.01) 
vs irradiated control was observed. DHA 

Figure  2  Immunostaining of 8-OHdG. Representative pictures at day 5. 

(a) control; (b) control + HEVL; (c) Ectoin + HEVL: n.s. reduction vs (b); 

(d) DHA + HEVL: n.s. reduction vs (b); (e) formulation cont. UV-TiO2 / SiO2 + HEVL: -13 %* vs (b); 

(f) Emblica + HEVL: -15 %* vs (b).

Figure  3  Immunostaining of Opsin-3. Representative pictures at day 5. 

(a) control; (b) control + HEVL; (c) Ectoin + HEVL: - 24 %** vs (b); (d) DHA + HEVL: - 23 %# vs (b); 

(e) formulation cont. UV-TiO2 / SiO2 + HEVL: -37%** vs (b); (f) Emblica + HEVL: -23 % vs (b). 
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containing 3 % UV-TiO2 / SiO2 (-65 %**; 
p < 0.01). The natural antioxidant also 
showed a good performance vs irradiat-
ed control: Emblica (-48 %**; p < 0.01).  
Finally, Ectoin moderately decreased 
MMP-1 expression in IR-A irradiated  
explants (-22 %*, p < 0.05). Pictures 
are shown in Figure  5 and raw data in  
Table  VI. In the case of HDBM (solubi-
lized in ethanol), no comparison with irra-
diated ethanol control explant was avail-
able. However, the intensity of MMP-1 
immunostaining vs the irradiated control 
could be very significantly decreased (da-
ta not shown).

Immunostaining of Tropoelastin
Elastin is the major component (90 %) of 
the elastic fibers [23 - 24]. It is a protein 
of the connective tissue responsible for 
the elastic properties of the skin. It is 
initially synthesized as its precursor, tro-
poelastin. The impact of infrared radia-
tion on tropoelastin expression at mRNA 
and protein levels has been investigated 
[18, 25].

The staining of tropoelastin in the papillary 
dermis showed the following results:
An IR-A irradiation of the explants induced 
a significant decrease of 45 %** (p < 0.01) 
in tropoeleastin expression in the papillary 
dermis at day 7. 

containing 3 % UV-TiO2 / SiO2 (-20 %**; 
p < 0.01), Emblica (-23 %**; p < 0.01), Ec-
toin (-20 %**; p < 0.01) and DHA (-23 %*; 
p < 0.05). See pictures in Figure  4 and raw 
data in Table  II.

2. Results of the study investigating
IR-A impact on human skin explants

All raw data have been summarized in 
Tables VI and VII.

Immunostaining of MMP-1
Matrix metalloproteinase-1 (MMP-1) is 
an enzyme also known as interstitial col-
lagenase and fibroblast collagenase. It was 
previously shown that IR-A radiation elicits 
a retrograde signaling response, which is 
initiated in the mitochondria through gen-
eration of reactive oxygen species (ROS) 
that originate from the mitochondrial elec-
tron transport chain. One major biological 
consequence of this retrograde signaling 
response is the increased expression of ma-
trix metalloproteinase (MMP-1) [22]. 

An IR-A irradiation of the explants induced 
a clear increase in MMP-1 expression in 

the epidermis (+208 %**, p < 0.01). Up-
on IR-A exposure, two products in par-
ticular showed good ability to decrease 
MMP-1 levels vs irradiated control: DHA 
(-67 %**; p < 0.01) and the formulation 
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Table II  Surface percentage positive to MMP-1 in the epidermis – HEVL Study

Figure  4  Immunostaining of MMP-1. Representative pictures at day 5. 

(a) control; (b) control + HEVL; (c) Ectoin + HEVL: - 20%** vs (b); (d) DHA + HEVL: - 23 %* vs (b); 

(e) formulation cont. UV-TiO2 / SiO2 + HEVL:-20 %** vs (b); (f) Emblica + HEVL: -23 %** vs (b); 

(g) HDBM + HEVL: - 31 %**  vs (h), (h) control + ethanol+ HEVL.
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Table III  Surface percentage positive to Opsin-3 in the epidermis – HEVL Study
�������� �����������

��������
��������

�����������
��������
��������
�����
�������
��������

�����������
��������
��������
�����
��������
��������

�����������
��������
�������������
�����������

�����������
��������
�������������
����
������������
��������������
������������

�������� ����� ����� ����� ����� �����
��� ���� ���� ���� ���� ����

����������–���������������������������������������������������������–������������

�

������� �����������
��������
��������

�����������
��������
��������
�����
�������
��������

�����������
��������
��������
�����
��������
��������

�����������
��������
��������
���������
��������

�����������
����������������
���������
������������
��������������
�������������

�������� ����� ����� ����� ����� �����
��� ���� ���� ���� ���� ����

������������������������������������������������������������������–������������

�

���������
���������

�����������
��������
��������

�����������
��������
��������
�����
�������
��������

�����������
��������
�������������
�������������

�����������
��������
��������
�����
��������
��������

�����������
��������
��������
���������
��������

�����������
����������������
���������
������������
��������������
�������������

�������� ����� ����� ����� ����� ����� �����
��� ���� ���� ���� ���� ���� ����

������������������������������������������������������������������������–������������

�

������ �����������
��������
��������

�����������
��������
��������
�����
�������
��������

�����������
��������
��������
�����
��������
��������

�����������
��������
��������
���������
�������

�����������
����������������
���������
������������
��������������
������������

�������� ����� ����� ����� ���� ����
��� ���� ���� ���� ���� ����

���������������������������������������������������������������–������������

�

�

�

�

�

Table IV  Surface percentage positive to 8-OHdG in the epidermis – HEVL study
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transmission data measurements, how 
specific titanium dioxide UV filters prevent 
radition from penetrating the skin [6]. In 
the light of our new results, we were able 
to make a link between first-line defense 
(physical barrier) and second-line defense 
(protection of biochemical endpoints). 

HDBM
In the case of the HEVL study, we show 
the results for the MMP-1 biomarker 
vs irradiated ethanol control: -31 %**.  
For the other oxidized proteins and 
8-OHdG biomarkers, there is no compar-

notably help to reduce the risk of blue-light-
induced pigmentation (see Opsin-3 results), 
and in the case of the explants exposed to 
IR-A light, we could show a complete protec-
tion of tropoelastin (+116 % vs control + IR-A) 
and thus a preservation of elastic fibers in the 
ECM. Knowing that HEVL and IR-A radiation 
both induce ROS formation, the use of the 
formulation containing 3 % UV-TiO2 / SiO2 
may minimize oxidative damage and there-
fore prevent premature aging.

These results also confirm previous inves-
tigations, which showed, by means of 

The formulation containing 3 % UV-
TiO2 / SiO2 induced the strongest, and very 
significant, tropoelastin increase of 116 %** 
(p < 0.01) relative to the irradiated control. 
Three other ingredients also showed very 
good ability to increase tropoelastin expres-
sion: Emblica (+79 %**, p < 0.01), HDBM 
(+86 %** vs irradiated ethanol control, 
p < 0.01; + 63 %** vs irradiated control, 
p < 0.01), DHA (+57%**; p < 0.01), and fi-
nally Ectoin (+ 36 %*, p < 0.05) in a more 
moderate manner. Pictures are shown in 
Figure  6 and raw data in Table VII.

3. Discussion of both studies 

UV-TiO2 / SiO2

In both studies investigating the impact of 
HEVL and IR-A radiation, all the biomark-
ers tested were strongly and significantly 
impacted in a positive manner relative 
to the non-treated irradiated control ex-
plants (control + HEVL or control + IR-A).
UV-TiO2 / SiO2 (INCI titanium dioxide, sili-
ca) formulated at 3 % in an o/w emulsion 
is an inorganic material that prevents/min-
imizes free radical formation by absorb-
ing, reflecting, and scattering properties 
of solar radiation, thus acting as first-line 
defense, and de facto provides a physical 
barrier. Radiation penetrating the skin is 
highly reduced. The studied biomarkers 
are known to be modulated by exposure 
to IR-A and HEV light (Table I).

In fact, the very limited amount of radiation 
reaching the skin after topical application 
of the emulsion containing UV-TiO2 / SiO2 
notably explains the positive modulation 
of the biomarkers compared with irradi-
ated control explants. The base emulsion 
used as placebo has been investigated in 
previous transmission / reflection / absorp-
tion measurements in both HEVL and IR-A 
ranges and showed no protective effect 
in both wavelength ranges compared with 
the same emulsion but containing UV-
TiO2 / SiO2 [6]. We therefore made the as-
sumption that this placebo emulsion would 
not provide any protective effect in the cur-
rent ex vivo studies. 

We can conclude that a strong explant pro-
tection may be achieved at a multi-parameter 
level for both wavelength ranges. The for-
mulation containing 3 % UV-TiO2 / SiO2 may 

Figure  5  Immunostaining of MMP-1. Representative pictures at day 5. 

(a) control; (b) control + IR-A; (c) Ectoin + IR-A: -22%* vs (b); (d) DHA + IR-A: -67%** vs (b); 

(e) formulation cont. UV-TiO2 / SiO2 + IR-A: - 65 %** vs (b); (f) Emblica + IR-A: - 48 %** vs (b).
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Table V  Surface percentage positive to oxidized proteins in the dermis – HEVL study
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Table VI  Surface percentage positive to MMP-1 in the epidermis – IR-A study
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ison available vs the irradiated ethanol 
control. Nonetheless the comparison vs 
irradiated control showed good results 
(data not shown).

In the IR-A study, we show the results for 
tropoelastin indicating positive changes 
from treatment with HDBM and after  
IR-A exposure vs control + ethanol + IR-A: 
+ 86 %**. For MMP-1, there is no com-
parison available vs the irradiated ethanol 
control. Nonetheless, the comparison vs 
irradiated control explant showed good 
results (data not shown).

As stated above, IR-A and HEVL irradia-
tions are oxidative processes, and we can 
explain the performance of HDBM by its 
strong radical neutralization power, as de-
picted in Figure  7 and as described in the 
experimental section. Oxidative damage 
after HEVL and IR-A irradiation is therefore 
minimized, and human explants may be 
protected against premature aging.

treatment with the extract Emblica and af-
ter blue light irradiation vs irradiated control 
explant: the oxidized proteins (- 44 %**), 
MMP-1 (- 23 %**), 8-OHdG (-15%*) and 
Opsin-3 (-23%*).

Investigated biomarkers indicate positive 
changes from explant treatment with Em-
blica and after IR-A exposure vs irradiated 
control explant: (- 48 %** for MMP-1 and 
+79 %** for tropoelastin).

Emblica was previously shown to decrease 
MMP-1 levels at an in vitro level, and there-
fore to protect most of the components of 
the extracellular matrix (ECM) [26]. This 
observation is further supported by our 
current results showing that Emblica is 
able to decrease MMP-1 expression in the 
presence of IR-A irradiation stress.

Emblica is a naturally powerful antioxidant, 
and its performance in these studies could 

Figure  6  Immunostaining of tropoelastin. Representative pictures at day 7. 

(a) control; (b) control + HEVL; (c) Ectoin + HEVL: +36 %* vs (b); (d) DHA + HEVL: + 57 %** vs (b); 

(e) formulation cont. UV-TiO2 / SiO2 + HEVL: +116 %** vs (b); (f) Emblica + HEVL: +79%** vs (b); 

(g) HDBM + HEVL: + 86 %** vs (h), (h) control+ ethanol+ IR-A.
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Table VII  Surface percentage positive to tropoelastin in the papillary demis – IR-A study

 

Figure 7: Structure and mechanism of action of HDBM 
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Figure  7  Structure and mechanism of action of HDBM.

EMBLICA
In the case of the HEVL study, four biomark-
ers were positively impacted by explant 
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be largely explained by the broad antioxi-
dative cascade of Emblicanin A and Embli-
canin B, the main constituents of Emblica 
extract (see structures in Figure  8). Given 
that formation of free radicals can be re-
duced, DNA damage,as well as premature 
aging, may be minimized. Considering the 
results in the IR-A study, we conclude that 
Emblica can protect elastic fibers and pre-
serve the integrity of the ECM. 

It is interesting to note that, despite their 
structural differences, the two antioxidants 
(HDBM and Emblica) showed similar per-
formance profiles and positively modulated 
the same biomarkers connected with oxida-
tive processes, albeit to differing degrees.

ECTOIN
In the case of the HEVL study, three 
biomarkers were positively impacted 
by treatment with Ectoin after blue 
light irradiation vs control + HEVL: the 
oxidized proteins (- 59 %**; p < 0.01), 
MMP-1 (-20 %**; p < 0.01) and Opsin-3 
(- 24 %**; p < 0.01).

The results obtained in oxidized proteins 
nicely confirm earlier results: Ectoin was 
indeed shown to reduce the carbonyl 
score and carbonylated protein expression 
in HaCat cells and human skin explants 
after exposure to HEVL [27].

Concerning MMP-1, earlier research also 
showed the photoprotective effect of 
Ectoin in the shorter wavelength range. 
Indeed, this substance could decrease 
MMP-1 expression in keratinocytes after 
exposure to UV-B [28].

Finally, we consider Opsin-3 modulation. 
This marker has recently attracted grow-
ing attention in cosmetic research. Indeed, 
Regazetti et al [15] showed that blue light 
stimulated melanogenesis by acting di-
rectly on melanocytes and via the Opsin-3 
receptor. 

In our experiments, the intensity of Op-
sin-3 immunostaining was significantly 
increased in the control explant exposed 
to blue light, which fits with the experi-
mental observations of Regazetti et al 
[15]. The explant treated with Ectoin and 
exposed to HEVL showed a visible and 
significant reduction in Opsin-3 immu-
nostaining intensity. 

Taking the results of Regazetti et al linking 
Opsin-3 up-regulation and melanogenesis 
into account, Ectoin may help reduce the 
risk of blue light-induced pigmentation.

In the case of the IR-A study, both in-
vestigated biomarkers were positively 
impacted by treatment with Ectoin and 
after IR-A exposure vs control + IR-
A. (- 22 %*; p < 0.05) for MMP-1 and 
+ 36 %** (p < 0.01) for tropoelastin. To 
our knowledge, we show here for the 
first time that Ectoin also possesses a cer-
tain level of photoprotection in the longer 
wavelengths (IR-A).

A very interesting aspect of these results 
is the finding that Ectoin, which does 
not have any antioxidant properties, is 
able to circumvent skin explant damage 
associated with oxidative processes in 
the blue light and IR-A ranges. Further 

research is needed and is currently under 
way to fully understand these results and 
the specific mode of action and role of 
Ectoin.

DIHYDROXYACETONE

Within the HEVL study, three biomarkers 
were positively impacted by explant treat-
ment with DHA and blue light irradiation 
vs irradiated control explants: the oxidized 
proteins (- 61 %**), MMP-1 (- 23 %**; 
p < 0.01) and Opsin-3 (- 23 %#; p < 0.1).

DHA is a well-established self-tanner in 
the cosmetic industry [29]. DHA reacts 
with proteins and amino acids in the 
horny layer of the skin following the well-
known Maillard reaction, in which the 
resulting polymers (melanoidins) give the 
skin a brownish hue via a reaction route 
which has not yet been fully clarified. This 
reaction is complete after approximately  
4 - 6 hours. The tan achieved in this way 
cannot be washed off and is removed 
only with normal skin desquamation. 

DHA also shows some moderate photo-
protective properties. In the UV-B range, 
topically applied DHA offers a modest SPF 
of 2 - 3 in humans lasting from days to 
weeks (given that it is bound to the skin) 
[30]. The melanoidins (brown pigments) 
that are formed after topical application 
of DHA have been shown to exhibit ab-
sorption properties similar to those of 
melanin and provide moderate sunlight 
protection. Moreover, topical application 
of DHA gives the skin a certain photo-
protection in the UV-A range [8, 31], as 
well as in the HEVL range. Our results 
confirm the earlier observations made by 
Johnson [7].

Nonetheless, to the best of our knowledge 
no data on the infrared range have previ-
ously been published, and this led us to 
investigate the impact of topically applied 
DHA in this range.

The biomarkers investigated indicate pos-
itive changes from explant treatment with 
DHA and after IR-A exposure vs irradiated 
control explant: - 67 %** (p < 0.01) for 
MMP-1 and + 57 %** (p < 0.01) for tro-
poelastin. This unexpected outcome led 

Figure  8  Main constituents of Emblica extract.
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us to measure the IR absorption spectrum 
of a blend of DHA (10-3 M) mixed with 
the amino acid lysine (10-3 M) in glycerol 
to better understand these results. This 
blend mimicked the Maillard reaction on 
the skin (skin liquid model [32]) and we 
could observe a clear absorption in the 
IR-A range (results not shown). It is none-
theless important to mention that this 
absorption is very low in comparison with 
common UV filter absorptions. These re-
sults offered the first hints to explain the 
ability of DHA to mitigate damage caused 
to human skin explants by IR-A irradia-
tion. Further research is currently under 
way to fully understand the mechanism 
of action in these wavelengths.

Topical application of DHA works at a 
multi-parameter level for both HEVL and 
IR-A ranges and minimizes oxidative 
damage. DHA may help reduce the risk 
of blue-light-induced pigmentation and 
preserve components and integrity of the 
ECM, such as collagen and elastic fibers.

CONCLUSION

This paper summarizes results investigat-
ing the effects of several different cos-
metic ingredients on human skin explants 
after exposure to HEV and near infrared A 
(IR-A) light. Ingredients with different ori-
gins and different mechanisms of action 
were selected: two strong antioxidants, 
one of synthetic origin (HDBM), the sec-
ond of natural origin (Emblica). A natural 
substance with cell-protecting properties 
but without any antioxidant properties 
was evaluated (Ectoin). Understanding 
the link between a first-line defense strat-
egy and second-line biochemical defense 
strategy after stress with HEVL/IR-A was 
also investigated. Therefore, an emulsion 
containing a specific titanium dioxide UV 
filter providing a physical barrier to IR-
A and HEVL rays was tested. Finally, we 
investigated the well-known self-tanner 
dihydroxyacetone (DHA). Different bio-
chemical markers known to be modu-
lated after an exposure to HEVL and / or 
IR-A were investigated.

After IR-A and HEVL irradiation, the for-
mulation containing the selected titanium 
dioxide UV filter showed excellent protec-

tion of the human explants. All evaluated 
biochemical markers were modulated in 
a positive manner compared with the ir-
radiated control explants. Therefore, the 
link between first-line defense (shown in 
earlier investigations) and second-line de-
fense, that is, the impact on biochemical 
markers, could be validated. The antioxi-
dants HDBM and the natural extract Em-
blica also showed excellent performance 
in relation to the tested biomarkers. It 
is interesting to note that Ectoin, which 
neither provides a physical barrier nor is 
an antioxidant, helps to mitigate damage 
to skin explants after different irradiation 
stresses. Finally, DHA showed very good 
results in both studies. Further research 
is continuing to get a full picture of the 
underlying mechanism of action in the 
case of the infrared study, which, to the 
best of our knowledge, showed for the 
first time the protective potential of DHA 
in the NIR range. 

These results show how the tested prod-
ucts work on a multiple biochemical 
parameter level and help to minimizie 
damage to human explants in a broad 
wavelength band of the solar spectrum.

Natural sunlight is the main source of 
HEVL and IR-A radiation and determines 
the probability and frequency of expo-
sure. Natural sunlight is essential to life; 
however, human skin needs to be pro-
tected. The tested compounds are com-
plementary for protection in both IR and 
visible light ranges at the cellular level. In 
line with consumer needs, a large choice 
of ingredients is now available, used ei-
ther alone or possibly in different combi-
nations to minimize the negative effects 
of HEVL and IR-A radiation on the skin: 
for instance, a first-line defense product 
(formulation containing UV-TiO2 / SiO2) 
associated with second-line defense 
products (HDBM, Emblica, Ectoin, or even 
dihydroxacetone).
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