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Summary 
The biologica! activities of the natural ingredients Tiliros ide and Dihydroxy Methylchromone were 
investigated for cosmetic applications. 
Tiliroside offers an example to demonstrate the possible transfer of protective benefits from plants to 
humans in cosmetics as shown in a placebo-contro lled in vivo study on human volunteers. 
Inflammation on human skin was provoked by UV-radiation using a solar simulator. The develop
ment of erythema was examined after the application of the respective test substances at the measu
ring times prior to treatment and after different time points in comparison with both a negative and 
positive contro). This study provides an example where traditional use of a medicina! plant is suppor
ted by the identification of the active principle. Tiliroside is a potent ingredient for normal and sen
sitive skin and offers a multitude of claim opportunities for cosmetics. Examples are calming, soo
thing sk.in or anti- inflammatory. 
Dihydroxy Methylchromone is found in numerous medicina) plants but in such a low concentration 
that its isolation on an industriai scale remains prohibitive. lt was synthesized and found to possess 
anti-aging properties by preserving the integrity of the extracellular matrix. It induces the synthesis 
of hyaluronic acid in keratinocytes in vitro and collagen in the dermis ex vivo . Dihydroxy 
Methylchromone was shown to inhibit key enzymes in the aging process, including elastase and hya
luronidase and has the ability to reduce the release of MMP-1 in non irradiated fibroblasts in vitro. 
These results were supported by a 28 days in vivo experiment which demonstrated the anti-wrinkle 
and smoothing activities of this active ingredient. 
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Riassunto 
Con questo lavoro si sono volute controllare le attività biologiche di ingredienti naturali guaii la tili
roside ed il diidrossilmetilcromone, utilizzati per la formulazione di prodotti cosmetici. 
La tiliroside rappresenta un esempio sul come i benefici protettivi riscontrati possano essere trasferi
ti dalle piante all'uomo mediante studi condotti in vivo su volontari . 
L' infiammazione topica è stata provocata sull 'uomo mediante l ' utilizzo di un simulatore solare in 
grado di emettere radiazioni UV. È stato così possibile controllare lo sviluppo dell'eritema indotto 
prima e dopo l'applicazione topica delle sostanze in studio, in confronto con controll i non trattati . 
Questo studio vuole essere un esempio di come I 'uso tradizionale di alcune piante possa essere col
legato alla presenza nelle stesse di princìpi attivi ben identificati. 
La tiliroside è un importante principio attivo che può essere utilizzato con versatilità per il trattamen
to della cute normale e della cute cosiddetta sensibile, in quanto svolge dalla semplice attività cal
mante alla più complessa attività anti-infiammatoria. 
Anche il diidrossi-metilcromone è stato rintracciato in molti estratti fitoterapici ma la sua concentra
zione è così bassa che il relativo isolamento su scala industriale ne rende il costo proibitivo. Si è così 
preferito sintetizzarlo e dagli studi ne è emersa una interessante attività antiage. Il diidrossi-metilcro
mone è , infatti , in grado di preservare l'integrità della matrice extra cellulare e di indurre, in vitro, la 
sintesi di acido ialuronico a livello dei cheratinociti e, in ex vivo il collageno a livello del derma. 
È stato dimostrato come questo principio attivo sia in grado di inibire enzimi chiave che intervengo
no nel processo di invecchiamento , quali l'elastasi e la ialuronidasi, e come sia anche in grado di 
ridurre (in vitro) la produzione del MMP-1 (metallo proteinasi-1) nei fibroblasti non irradiati. Questi 
risultati sono stati confermati da uno studio in vivo della durata di 28 giorni, che ne ha dimostrato 
l'attività anti rughe ed anti invecchiamento. 
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INTRODUCTION 

Mankind had tumed to nature for solutions to 
health problems since ancient times. One of the 
earliest historical documents describing treat
ment of skin diseases is the Ebers Papyrus from 
1550 B.C. (1), which recorded the use of henna 
(Lawsonia inermis) as a medicina! plant. The 
discipline of ethnobotany focuses on valuable 
traditional knowledge of medicina! plants and 
the relationship between people and plants. 
Documents describing the use of medicina] 
plants are found very early in recorded history. 
In A.D. 78 , the Greek surgeon Dioscorides 
authored De Materia Medica, a catalog of appro
ximately 600 plants from the mediterranean area 
used for medicina! purposes. If this knowledge 
can be transferred to cosmetics, ethnobotany 
could prove to be an important key for discove
ring new cosmetic ingredients . 
Bio-guided fractionation is a good strategy for 
elucidation of a single active principle . ldeally, 
the candidate of interest is isolated from a medi
cina! plant or another plant source is identified 
from which the pure ingredient can be extracted. 
The advantages of such products as a cosmetic 
ingredient are obvious: the identity of the ingre
dient can be precisely described by a chemical 
structure, the mode of action can be elucidated 
and the constant quality of the ingredient can be 
monitored. 
The bioflavonoid kaempferol 3-0-j3-D-(6-0-
coumaroyl)glucopyranoside (Tiliroside) (Figure 
J) is given as an example where the activity of a 
variety of different medicina! plants such as 
Tilia, Malva or others can be explained mainly 
by a single compound. The synthesis of such a 
molecule in a low-cost industriai process is dif
ficult , knowing that a five-step process is requi
red for this purpose (2). The best approach in this 
case is to extract the flavonoid directly from a 
plant source. Tiliroside can be found in the hairy 
shields and young leaves of plants growing in 
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tropica! regions of the world. lt protects these 
plants from UV-induced and environmental 
stress . The first part of this paper seeks to 
demonstrate the possible transfer of protective 
benefits from plants to humans in cosmetics as 
shown in a placebo-controlled in vivo study on 
human volunteers . 

Fig. 1 Chemical s1ruc1ure of the active ingredient 
Tiliroside . 

Another strategy is to identify natural com
pounds and screen their potential biologica! acti
vities with available in vitro assays. One exam
ple is Dihydroxy Methylchromone (5,7-
Dihydroxy-2-methylbenzopyran-4-one) (Figure 
2), also known as Noreugenin. This natural pro
duct can be found in numerous medicina! plants. 
First isolated from the Japanese plant Nauclea 
orientalis (3), it has also been identified in 
Schumanniophyton magnificum, Stevia purpu
rea, Angelica polymorpha and Rheum emodi, to 
name just a few. The biologica! activity of 
Noreugenin could not be deduced from the tradi
tional use of the medicina! plant containing this 
entity. In fact , the healing properties of the majo
rity of these plants cannot be explained by a sin
gle compound but are based instead on the 
synergetic effects of severa! ingredients. 
Even though Dihydroxy Methylchromone (or 
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DHMC) is present in nature, its isolation is diffi
cult due to its low abundance in the aforementio
ned plants and side compounds with similar 
polarity and often similar molecular weights are 
present as well. The time-consuming effort 
necessary to isolate this molecule from pl ants 
would be prohibitive on an industriai scale. 

HO 

OH O 

Fig. 2 Chemica/ s1ruc111re of lhe ac1ive i11gredie111 
Diilydro.1.J• Me1hylchro111011e (DHMC). 

Consequently, this natural ingredient was syn
thesized in the laboratory in very high quality 
and large amounts. A detai led investigation of 
the synthesized molecule showed that DHMC 
possesses interesting biologica! properties which 
led us to develop this compound in the fie ld of 
anti-aging as described in the second part of this 

paper. 

MATERIAL ANO 
FOR TILIROSIDE 

METHODS 

In vivo sfudy design tor Tiliroside 

The test was carried out on a total number of 20 
healthy female volunteers with dry skin. The 
blinding of the tested verum and reference ernul
sion was rnaintained throughout the study. The 
participants were asked not to change their skin 
care habits during the prescribed study time. 
Compatibility of the test products was checked 

prior to the efficacy study. Test products did not 
induce existing sensitization that rnight have 
been triggered by the substances contained in the 
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products . 
Ali volunteers received detailed information 
lis ting each single pararneter relevant to the 
study. Each volunteer was required to submit a 
written declaration of consent for their participa
tion in the study. 
Pregnancy and breast-feeding, intake of rnedica
tion , which might influence the outcome of the 
study, sunbathing or the use of sun-beds were 
exclusion criteria. 

Evaluafion of fhe anfi-inflamma
fory efficacy of Tiliroside 

Inflammation is provoked by UV-radiation . In 
this test , e rythema is generated on the inne r fore
arms of each volunteer test subject using a solar 
simulator ( I MED , SOL3 Honle, Munich , 
Germany). In this study erythema was documen
ted by means of two measuring methods during 
a period of three days. The applied measuring 

methods are color rneasurernents (reddening 
index a-value) with the Minolta Chromameter 
CR 300, and the determination of capillary flow 
by means of the Laser-Doppler Flowmeter. The 
erythema threshold is determined for each test 
subject individually, using different light intensi
ties. The deve lopment of erythema is examined 
after the application of the respective test sub
stances at the measuring ti rnes prior to treatrnent 
and after 6 , 24 , and 48 hours in cornparison with 
an untreated reference (negative contro!) and a 
I % hydrocortisone cream (positive control). One 
test area remains untreated (empty field), i.e. it is 
neither irradiated nor treated. 
The respective development of the study for the 
test substances for reddening of the skin and 
capillary flow are presented graphically in com
parison to the untreated contro! and the l % 
hydrocortisone cream. This allows for documen
tation of a possible anti-inflammatory effect. 



Sfudy Treafmenf 

The following emulsions were tested as shown 
in Table I. 

RonaCare® Tiliroside 

A common characteristic of ali bioflavonoids is 
their yellow color (lat.: flavus = yellow). The 
pure active Tiliroside (Figure 1) has a natural 
yellow color which is retained as a light yellow 
colour in the combination of Sorbito! and 
Tiliroside known as RonaCare® Tiliroside used 
in this study. The blend was made by a specific 
procedure which delivers the active materiai 
well distributed on a special Sorbito!. This blend 
is easy to handle because it can be incorporated 
into the water phase which eventually delivers 
optimum distribution of the active ingredient after 
emulsification. 

Sfafisfical mefhods 

In order to validate the measuring results statisti 
cally, the pre-post differences to the baseline at 
the individuai measuring times (after 6, 24, and 
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48 hours) was calculated for both measuring 
parameters (skin reddening and change of the 
capillary flow) and forali test fields. 
Furthem1ore, a statistica! evaluation according to 
the AUC procedure (Area Under the Curve) was 
done for the whole test period. 
All measured data of the d ifferent treatment 
groups were compared in pairs by means of the 
Wilcoxon Sign Rank test. For all tests a p-value 
~ 0.05 was fixed as statistically relevant. 

MATERIAL ANO 
FOR DHMC 

METHODS 

Release of Mafrix Metallo 
Profeinase-1 (MMP 1, collagenase) 

Human fibroblasts were cultivated at 37°C and 
5% C02 with a culture medium containing 
DMEM (Life Technologies). At confluency the 
culture medium was changed for fresh medium 
containing (i) test compound, (ii ) dexamethaso
ne as positive contro! and (ii i) a standard culture 
medium. 

TABLE I 
Composition of test products (placebo and ve rum) 

Phase INCI Placebo Ve rum 

[% (w/v)] [% (w/v)] 

A Glyceryl Stearate, Steareth-25, Ceteth-20, Stearyl Alcohol 8 8 

Stearyl Alcohol 1 I 

Dicaprylyl Ether 6 6 

Isostearyl Isostearate 4 4 

B Propylene Glycol 1,9 1,9 

Aqua ad 100 ad 100 

Tiliroside - O.I 

Sorbito I 1,9 1.9 

Propylene Glycol, Diazolidinyl Urea, Methylparaben, Propylparaben 0,5 0 ,5 
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Each experimental condition was conducted in 
triplicate. After incubation for 24 h, the MMP-1 
content of the supernatant was measured using 
the specific quantitative BIOTRACK Human 
MMP-1 ELISA Kit (Amersham). The viability 
of the culture was performed using a standard 
MTT assay. 

Elastase assay 

Different concentrations of the test compound 
and elastase (from human leukocyte, Sigma) 
diluted at 100 mU/ml in 500 µM Tris buffer, pH 
6.8 , were pre-incubated for 10 min on ice . 
Elastin (fluorescent DQ-Elastin, Interchim) was 
then added (5 µg/we ll final concentration) and 
plates were incubated at 37°C for 120 minutes. 
100 ml of each reaction mixture was fi ltered 
though individua! exclusion spin columns 
(MicroSpin G-25 , Pharmacia) according to the 
manufacturer 's protocol. The filtrate was collec
ted in microtubes containing the inhibitor AAPV 
(methoxysuccinyl-Ala-Ala-Pro-Val-chlorome
thyl ketone) and was immediately placed on ice. 
This filtration system allows the separation of 
the large fluorescent elastin peptides (excluded 
from the column) from the compound (trapped 
at the top of the column). Each sample was mea
sured at 485 nm (SpectroMax Gemini , 
Molecular Devices). The results were expressed 
in percent of enzyme activity. 

Hyaluronidase assay 

Different concentrat ions of test compound 
(Figure 7) were dissolved in 0.1 M phosphate 
buffer, pH 5.3, and hyaluronidase (HYAL , 
Sigma type IV-S) was added at a final concentra
tion of lmg/ml. Hyaluronic acid (HA, Sigma) 
was added and the mix was incubated at 37°C 
for I hour. Residuai HA was precipitated with 
bovine serum albumin (BSA, Sigma, diluted at 
I% in acetate buffer 0.5 M, pH 4) and photome-
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trically quantified at 540 nm (SpectroMax 
Gemini, Molecular Devices). 

Hyaluronic acid synthesis assay 

Normai human epidermal keratinocytes (NHEK) 
were cultivated in a 96-well-plate in 
Keratinocyte-SFM culture medium (Invitrogen) 
for 24 hours at 37°C and 5% C02. The medium 
was aspirated and the cells were incubated with 
the indicated concentration of the positive con
tro! (retino!) or DHMC for 72 h. Ali treatments 
were performed in triplicate. At the end of the 
incubation, the hyaluronic acid concentration 
was evaluated in the supernatants by ELISA 
according to the procedure of the manufacturer 
(R&D Systems) and celi viability was evaluated 
using a standard MTT reduction assay. 

Ex-vivo test: staining of tota/ co/
lagen on explants 

57 biopsies of an average diameter of I O mm 
were prepared from skin of cosmetic surgeries 
from a 46-year-old woman. These explants were 
cultivated in BEM culture medium (BIO-EC's 
Explants Medium) at 37°C in a humidified, 5% 
C02 atmosphere. The placebo formulation and 
the formulation containing 2% RonaCare~ 

LurerninTM (a mixture of DHMC and sorbito! in 
a 5 to 95 ratio) were applied topically on the 
basis of 2 mg/cm2 per explant, using a small spa
tu la, on day O, I , 2, 5, 7 and 8. The contro] 
explants did not receive any treatment. 
On day O, 3 explants from untreated batch (TO) 
were collected , cut in two halves and frozen at -
80 °C. 
On day 8, 3 explants from each batch were col
lected and processed in the same way. 
Staining of tota! collagen was performed on 12 
explants from the following batches: 
- Untreated on day O (3 explants) 
- Untreated contro! on day 8 (3 explants) 



- Placebo (E) on day 8 (3 explants) 
- Formulation conta1mng 2% RonaCare,. 

LureminTM (corresponding to 0.1 % DHMC) 
on day 8 (3 explants) . 

The collagen from 2 different areas of an explant 
of each batch was stained in histologies using 
picro-sirius red. Microscopie observations were 
made using a Leica Orthoplan microscope with 
a 20x objective. Pictures were taken with a Sony 
DXC 390P camera. 9 microscopie fields were 
analyzed for the 2 areas of each explant and the 
surface percentage occupied by collagen in the 
papillary and upper reticular dermis was deter
mined by image analysis with the Leica QWin 
software. The results of the I 8 microscopie 
fields were then averaged for each batch. The 
difference between 2 batches is significant if 
p~0.05. 

In vivo test: evaluation of the anti
wrinkle effect of a formulation 
containing DHMC in comparison 
to the corresponding placebo 
formulation. 

The in vivo test was performed in a double-blind 
and inter-individual study with 40 female volun
teers. 20 volunteers (between 47 and 65 years) 
tested the placebo and 20 volunteers (between 
45 and 62 years) tested the product DHMC at a 
concentration ofO. I%. The assessment zone was 
the crow's feet. The formulations were appl ied 
twice daily (morning and evening) in normai 
conditions of use during 28 days. 
To evaluate the anti-wrink.le effect of this cosme
tic ingredient, 3D Primos~ was used to study the 
variations of the cutaneous rei ief parameters. 
This technique consists in calculating a phase 
image from interference fringe projection ima
ges. The acquisition software allows 2D and 3D 
measurements, and enables the roughness para
meter on the profi le and the depth of the wrinkle 
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to be determined. An automatic system of repo
sitioning allows the precise re-identification of 
the same measurement zone. 
The fo llowing parameters were analyzed: 
Average roughness (Ra): ratio between the inte
grateci surface around the mean value and the 
length of skin evaluated. 
Average relief (Rz): on five regions of the profi
le (mean value of these different maxima, obtai
ned on fi ve successive regions of the profile. It 
reflects loca! d ifferences). 
Maximum relief ampli tude (Rt): maximum dif
ference between the highest peak and the lowest 
point of the wrinkle(s) registered over the entire 
profi le. In order to refine the Rt value, the length 
L of sweeping is divided into five equivalent 
segments. lt is calculated, in the same way that 
for Rt and for each interval , the height corre
sponds to the difference between the maximum 
peak and the deepest hollow. This parameter is 
called Rzi. The average value ofRzi is Rz. 
The following variations were defined: 
•delta Ra = Ra(dayO) - Ra(day28) 
•delta Rz = Rz(dayO) - Rz(day28) 
•delta Rt = Rt(dayO) - Rt(day28) 
A positive delta Ra expresses a smoothing effect. 
The higher delta Ra, the better is the smoothing 
effect. 
A positive delta Rz (or delta Rt) expresses an 
anti-wrinkling effect. The higher delta Rz (or 
delta Rt) , the better is the anti-wrinkling effect. 

RESULTS ANO DISCUSSION 

The aging process of the skin is a complex bio
logica! phenomenon consisting of two compo
nents: in trinsic aging and extrinsic aging. 
Intrinsic aging, also termed chronoaging is an 
inevitable change attributable to the passage of 
time alone and is manifested primarily by phy
siologic alterations with subtle but undoubtedly 
important consequences for the healthy skin. 
Intrinsic aging is largely genetically determined. 
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Extrinsic aging is caused by environmental 
exposure, primarily to UV light , and is more 
commonly termed photoaging. In fact sun expo
sure is considered to be by far the more signifi
cant deleterious to the skin. It is believed that 
80% of facial aging is due to chronic sun expo
sure (4). Oxidative stress by increasing hydrogen 
peroxide and reactive oxygen species (ROS) is 
thought to play a centrai role in initiating the cel
lular response following UV irradiation (5). 
Plant derived flavonoids are known to inhibit 
processes initiated by oxidative stress. Their 
antioxidant mechanisms include the inhibition of 
enzymes involved in the formation of ROS such 
as protein kinase C , lipoxygenase or cyclooxy
genase. Additionally flavonoids act as chelators 
of free iron or copper which are potential enhan
cers of free radical formation (6). 

TI LI ROSI DE 

By means of the UV model an experimental 
stress reaction of the skin was induced. By mea
suring the reddening of the skin with the Minolta 
Chromameter, and the capillary flow by means 
of Laser-Doppler Flowmetry, the development 
of the stress reaction can be monitored. The 
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impact of Tiliroside on this reaction was studied 
to evaluate this product's potential ability to pro
tect the skin. An increasing capillary flow and 
reddening are signs of radical stress. These 
endpoints are also suitable readout parameters 
for inflammati on of skin. 

Results of the color measure
ments with the chromameter 
(reddening index, a-values) 

The test field of the untreated contro) showed an 
increase of skin reddening at the measuring time 
of 6 hours after irradiation. This value increased 
slightly at the measuring time after 24 hours. At 
48 hours reddening of skin slightly subsided 
(Figure 3, A). The placebo formulation showed a 
very weak efficacy in this model. The increase of 
skin reddening is only minimally below that of 
the untreated control. The verum formulation 
containing O .1 % Tiliroside leads to a decrease of 
skin reddening. After 6 and 48 h the effect is sta
tistically significant versus the placebo. After the 
statistica! evaluation of the whole test period by 
means of the AUC procedure the effect of the 
verum differs significantly compared to the pla
cebo (Figure 3, B and Table II A). 

12 ············· ·•······· · ······················· · 
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~ 
1 8 .. 
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e 
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2 

o 6 time [h] 24 48 

0 Pla.cebo D Verum 

Fig. 3 Effect ofTiliroside on the redness of skin. (A) The redness is evaluated by measuring the a-value (Mino/ta chroma
meter) after 6, 24 and 48 h after induction of erythema (* statistically signijicant vs. placebo: p-value < 0,05). (B) 
The results of ali time points are shown as area under the curve (p-value = 0,048). 
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TABLE II 
Statistica/ analysis of in vivo results . The pre-post dijference to baseline at 6 , 24 and 48 h was 

calculated for redness (A .) and capil/ary flow (B.). The UV-comrol was 011/y irradiated and 

not treated with any test produci. The analysis of the whole test period was done according 

to the AUC procedure (n.s., noi significant, p-value > 0,05; AUC = area under curve). 

(A) redness 6h 

verum vs UV-control p = 0 ,011 

verum vs. placebo p = 0,024 

(B) capillary flow 6h 

verum vs UV-control p = 0,007 

verum vs. placebo n. s. 

Resulfs of capillary flow 

In the reference field of the untreated contro! , the 
capillary fl ow had increased to a maximum 24 
hours after UY-irradiation. This reaction was fol
lowed by the placebo product, which showed the 
lowest efficacy in this test as well (Figure 4 , A) . 
The Tiliroside-containing verum suppresses the 
capillary flow after 6, 24 as well as 48 h after 
UV-irradiation. The calculated p-value of about 
0 ,002 underlines the statistica! significance of 
th is effect after AUC procedure (Figure 4, B and 
Table II B).No significant changes were found in 
the empty field (non- irradiated and untreated). 
The findings of the presented in vivo study clear
ly identify Tiliroside as a skin protecting ingre
dient derived from nature. Different research 
groups have shown that in celi cultures of mono
nuclear cells Tiliroside down-regulates the over
production of NO and TNF-a ali known to be 
involved in inflammation (7 ,8) . These findings 
described in literature supports evidence not 
only for an anti-oxidative but also for the anti
inflarnmatory effect ofTiliroside on skin in vivo. 

24h 48 h AUC 

p = 0,003 n. s. p = 0,01 5 

n. s. p = 0,02 1 p = 0 ,048 

24 h 48 h AUC 

p = 0 ,001 p = 0,002 p < 0,001 

p = 0,009 n. s. p = 0 ,002 

DHMC 

The biological activity of DHMC was investiga
ted on the 3 primary structural components of 
the extracellul ar matrix: collagen, elastin and 
glycosaminoglycans. Alterations in number and 
structures of these key components as a conse
quence of intrinsic and extrinsic aging are belie
ved to be responsible for wrinkle formation. 
Collagen, the main structuraJ component of the 
dermis, is responsible for confening strength 
and support to human skin. 70% of dry skin 
mass is composed of collagen (9). The most 
abundant types of collagen in the skin are colla
gen I and m. With age, the amount of collagen 
in the skin tends to decline due to lower levels of 
collagen synthesized by aged fibroblasts as well 
as increase in the production of matri x metallo
proteinases (MMPs) (10) . Considering that col
lagen predominates in the skin, any ingredient 
able to stimulate its synthesis in the dermis is of 
particular interest. 
An ex vivo study was carried out to evaluate the 
effect of a formulation containing 2% 
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RonaCare"' LureminTM (corresponding to 0.1 % 
concentration of DHMC in the formulation) in 
comparison to a placebo formulation on the sti
mulation of collagen synthesis in an 8-day study. 
The RonaCare"' LureminTM and placebo formu
lations were applied on the basis of 2 mg/cm2 at 
day O, 1, 2, 3, 5, 7 and day 8. Then the collagen 
in the explants was stained with picro-sirius red 
(a standard red dye). The surface percentage 
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occupied by collagen in the papillary and upper 
reticular dermis was determined by image analy
s is. It was observed on 2 separate areas that the 
treatment with RonaCare"' LureminTM induced a 
significant increase of 7% and 8% respectively 
in the surface percentage occupied by collagen 
compared to the batches treated by the placebo 
formulation (Figure 5 shows the averaged results 
of the two areas for each batch). 
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Fig. 4 A111i-i11.flam111atory efficacy ofTiliroside as afunction of time. (A.) The capillary jlow is deter111i11ed by Laser Doppler 
j/01vmetry a11d the resultsfor each 1i111e are prese111ed (* statistically sig11ifica11t vs. placebo: p-value < 0,05) . (8.) The 
results of ali time poims are show11 as area 1111der 1he curve (p-value = 0,002) . 
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Fig. 5 Effect of a formulatio11 of RonaCare~ Luremin"' (2%) 011 the densiry of collagen ex vivo on the sections of 2 separa
te zones. * Statistical/y significant vs placebo (p<0.05) and vs untreated contrai (p<0 .05). 
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In parallel to the stimulation of collagen synthe
sis, a complementary approach would be to inhi
bit the matrix metalloproteinases (MMPs), in 
particular MMP-1 (collagenase) which degrades 
collagen into small pieces leading to further 
degradation of this structural protein. The limita
tion of collagen degradation by MMP- 1 in con
junction with the stimulation of the collagen 
synthesis is a good approach to slow down the 
skin aging process. At this leve!, altho ugh 
DHMC is not an inhibitor of MMP-1 , it signifi
cantly reduced at 40 µg/ml (corresponding to a 
concentratio n of 0.2 µM) the release of MMP-1 
from not irradiated fibroblasts by 40%, p<O.O l 
in comparison to negati ve contro!. 
Elastin is one of the main constituents of elastic 
fibres in the papil lary and reticular dermis. It is a 
minor component of the dermis but it has an 
important function in providi ng the elastic ity of 
the skin. lt accounts for 2-4% of the extracellu
lar matrix (l l ). Upon intrinsic aging derma! ela
stin is altered. The major alterations concern the 
architecture of the e lastin network . There is a 
progressive disappearance of elastic ti ssue in the 
papi llary dermis not only due to a down-regula
tion of elastin gene expression (12) but also to 
the presence of degradi ng enzymes such as ela
stase which leads to the observed slow reduction 
of elastin. Consequently skin elasticity is gra
dually lost with age (13). It is bel ieved that the 
phenomenon of sagging skin observed in the 
elderly man may be due to this loss of e lasticity. 
In an in vitro assay it was shown that DHMC 
inhibited leukocyte e lastase with an IC50 of 
200 µM . Thus DHMC could slow down the 
degradation process of e lastin in the skin by 
limiting the proteolytic activity of elastase. 
As previously mentioned , the degradation of the 
extracellular matrix plays an important role in 
the development of wrinkles and other signs of 
skin aging. Structural proteins (collagen or ela
stin) are important but other components of the 
extracellular matrix such as glycans, a class of 

C. Carola, F. Pfluecker, R. Graf. H. Epstein, C. Wirth 

glucose-based polymers including glycosamino
glycans and proteoglycans, are necessary for a 
healthy skin. 
A very important glycan in the skin is hyaluronic 
acid (HA). Hyaluronic acid is a polysaccharide 
composed of repeating alternating units of D
glucuronic acid and N-acetylglucosamjne. The 
molecul ar domain of HA encompasses a large 
volume of water that hydrates tissues and is 
responsible for skin moisturizing. Additionally 
HA has a w ide range of functions such as reg u
lation of the osmotic pressure or the regulation 
of cell-matrix adhesion, for example (14). It a lso 
increases viscosity and contributes to the supple
ness of the skin. 
The skin content of hyaluronic ac id decreases 
with aging. Though derma! HA is responsible for 
most skin HA, epidermal cells are also able to 
synthesize HA. The most dramatic histochemi
cal change observed in senescent skin is the mar
ked decrease of epidermal HA. In aged skin , HA 
is stili present in the dermis, while the HA of the 
epidermis has disappeared entirely (15). This 
contributes to the loss of moisture; the skin beco
mes thinner and less supple . 
One way to increase the skin content of HA 
would be to stimulate its synthesis in the skin , in 
particular in the epidermis. In an in vitro experi 
ment, DHMC tested at 20 µM significantly 
increased the secretion of hyaluronic acid in 
keratinocytes by 73%, p<O.OJ compared to the 
negative contro!. As expected , in the same assay, 
retino! used as a positive contro! and tested at 
I µM significantly increased the production of 
hyaluronic acid in keratinocytes by 76% (Figure 
6). 
Furthermore, as hyaluronic acid is degraded by 
enzymes called hyaluronidases, the inhibition of 
this enzyme would limit the decrease of HA in 
the skin . In an in vitro assay, it was observed that 
DHMC inhi bited the HA-degrading enzyme 
hyaluronidase with an IC50 of 20 µM (Figure 7). 
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Fig. 6 Stimulation of the synthesis of hyaluronic acid in keratinocytes. 
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In vivo assay wifh DHMC 

Finally, to confirm the observed in vitro and ex 
vivo anti-aging activity of DHMC, an in vivo 
study was carried out with 40 female volunteers. 
This study was conducted as a double-blind and 
inter-ind ividual study. 20 volunteers (between 
47 and 65 years) tested the placebo and 20 
volunteers (between 45 and 62 years) tested a 
verum formulation conta ining the ingredient 
DHMC at a concentration of 0 .1 %. The asses
sment zone was the crows' feet area. The formu
lations were applied twice daily (moming and 
evening) in normai conditions of use during 28 
days. To evaluate the anti -wrinkle effec t of this 
cosmetic ingredient, 3D Primos"' was used to 
study the variations of the following cutaneous 
relief parameters. 
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Delta Ra for the placebo corresponding to Ra at 
day O subtracted to Ra at day 28 was Jower than 
delta Ra for the verum formulation , indicating a 
c lear smoothing effect of DHMC. Similarly, 
delta Rt and delta Rz were lower for the placebo 
than for the verum , expressing the good anti
wrinkle effect of DHMC (Figure 8). 
In other words, the results of this in vivo study 
showed that no significant anti-wrinkle effect 
was noticed with the placebo formulation. By 
contrast, a significant anti -wrinkle effect wi th 
the DHMC formulation (Figure 9) was observed 
with a significant decrease of 12% in the avera
ge roughness (Ra) in 80% of the volunteers, a 
significant decrease of 11 % in the average relief 
(Rz) in 85% of the volunteers and a decrease of 
8% in the max imum reliefamplitude (Rt) in 80% 
of the volunteers. 
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Placebo: Placebo: Placebo: 
p-value (Ra day28 vs day0) = 0,168 p-value (Rz day- vs day0) = O, 138 p-value (Rt day,, vs day0) = 0,907 
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Fig. 8 lmprovement of the parameters Ra, Rz and Rt after 28 days of app/ication of DHMC (O.l o/o). 
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day O day 28 

Fig. 9 In vivo res11/ts of afor11111/atio11 co11tai11i11g DHMC (O.l o/o) 011jì11e lines at the crows' feet area. 

CONCLUSION 

Nature remains an endless source of inspiration 
to identify potential compounds for the cosmetic 
industry. Once identified, natural ingredients 
such as Tiliroside can be isolated directly from a 
pl ant. If isolation is impossible and synthesis 
economically feasible, they can be synthesized 
instead , such is the case with Dihydroxy 
Methylchromone (DHMC). 
The described anti-inflammatory study with 
Tiliroside provides an example where traditional 
use of a medic ina! plant is supported by identifi
cation of the active principle, providing the basis 
fora new cosmetic ingredient. In this case, it was 
possible to obtain a secondary plant metabolite 
d irect ly from nature and to provide a pure com
pound rather than an extract. Tiliroside is a 
powerful ingredient for normai and sensitive 
skin . It offers a multitude of cosmetic benefits 
such as calming, soothing skin or anti-inflamma
tory properties . 
DHMC induced the synthesis of hyaluronic acid 
in keratinocytes in vitro and the synthesis of col
lagen ex vivo. Furthermore, DHMC was able to 
inhibit several key enzymes in the aging process , 
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such as e lastase or hyaluronidase, and to reduce 
the release of MMP-1 in non-irradiated fibro
blasts in vitro. Ali these results were supported 
by a 28-day in vivo experiment wh ich demon
strated the anti-wrinkle and smoothing proper
ties of DHMC. 
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