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HYDROXYSTILBENE COMPOUNDS FOR 
REDUCING/INHIBITING PROTEIN GLYCATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of copending 
U.S. application Ser. No. 09/617,041, filed Jul 14, 2000, 
now allowed, incorporated by reference herein in its entirety 
and relied upon, which claims priority under 35 U.S.C. S 119 
of FR-99/09267, filed Jul. 16, 1999, hereby expressly incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Technical Field of the Invention 
0003. The present invention relates to the administration 
of at least one hydroxyStilbene compound, or composition 
comprised thereof, to an individual Subject in need of Such 
treatment, to reduce or even inhibit the glycation of proteins, 
particularly the proteins of the skin and/or of the Structures 
asSociated therewith. 

0004 2. Description of the Prior Art 
0005 Glycation is a non-enzymatic process involving a 
Saccharide (glucose or ribose) which reacts according to the 
Maillard reaction with an amino group of an amino acid 
residue (for example Such as lysine), particularly an amino 
acid residue of a protein, to form a Schiff's base. This 
Schiff's base, after undergoing an Amadori molecular rear 
rangement, can lead, by a Series of reactions, to bridging, 
particularly intramolecular bridging Such as, for example, of 
pentosidine type. 
0006. This phenomenon increases uniformly with age. It 
is characterized by the appearance of glycation products 
whose content increases uniformly as a function of age. The 
glycation products are, for example, pyrraline, carboxym 
ethyllysine, pentosidine, crossline, N(2-carboxyethyl)l- 
ysine (CEL), glyoxallysine dimer (GOLD), methylglyoxall 
ysine dimer (MOLD), 3DG-ARG imidazolone, 
Versperlysines A, B and C, threosidine or the advanced 
glycosylation end products (or AGES). 
0007. The glycation of proteins is thus a universal phe 
nomenon, which is well known to occur in the Skin, par 
ticularly in its dermal component, but which also occurs in 
the Structures associated therewith Such as the nails or the 
hair, particularly on keratins and more generally in any 
protein System provided that the conditions required for 
glycation are Satisfied. 
0008 Human skin consists of two components, namely, a 
Superficial component, the epidermis, and a deep compo 
nent, the dermis. 
0009 Natural human skin is principally composed of 
three types of cell: the keratinocytes, which constitute the 
vast majority, the melanocytes and the Langerhans cells. 
Each of these cell types contributes, by virtue of its intrinsic 
functions, towards the essential role played in the body by 
the skin. 

0.010 The dermis provides the epidermis with a solid 
Support. It is also the nourishing factor of the epidermis. It 
consists principally of fibroblasts and of an extracellular 
matrix itself composed of different extracellular proteins, 
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among which are, in particular, collagen fibers, elastin and 
various glycoproteins. This assembly of extracellular com 
ponents is Synthesized by the fibroblasts. Leukocytes, mas 
tocytes and tissue macrophages are also found in the dermis. 
Finally, the dermis contains blood vessels and nerve fibers. 
0011 Taking account of their activity in the synthesis of 
the extracellular matrix proteins (proteoglycans, collagen 
fibers and other structural glycoproteins), the fibroblasts are 
the principal factors involved in the Structural development 
of the dermis. 

0012. The collagen fibers provide the dermis with solid 
ity. They are very Strong but are Sensitive to certain enzymes 
generally known as collagenases. In the dermis, the collagen 
fibers consist of fibrils bonded together, thus forming more 
than ten different types of structure. The structure of the 
dermis is essentially due to the Overlapping of the packed 
collagen fibers. The collagen fibers contribute in respect of 
the tonicity of the skin. The collagen fibers are regularly 
renewed, but this renewal decreases with age, thus promot 
ing, especially, a thinning of the dermis. It is also accepted 
that extrinsic factorS Such as ultraViolet radiation, tobacco or 
certain treatments (retinoic acid and derivatives, glucocor 
ticoids, Vitamin D and derivatives, for example) also have an 
effect on the skin and on its collagen level. 
0013 AS regards the dermal component of the skin, 
glycation intervenes mainly in the dermis, on the collagen 
fibers, according to the process described above. The gly 
cation of collagen increases uniformly with age, resulting in 
a uniform increase in the content of glycation products in the 
skin. 

0014 Without wishing to be bound to any particular 
theory in respect of aging of the skin, it should be noted that 
other modifications of collagen which might also be a 
consequence of glycation, Such as a reduction in heat 
denaturation, an increase in the resistance to enzymatic 
digestion and an increase in intermolecular bridges, have 
been demonstrated in the course of aging of the skin (Tanaka 
S. et al., 1988, J. Mol. Biol., 203, 495-505; Takahashi M. et 
al., 1995, Analytical Biochemistry, 232, 158-162). Further 
more, modifications due to the glycation of certain constitu 
ents of the basal membrane Such as collagen IV, laminin and 
fibronectin have been demonstrated (Tarsio J. F. et al., 1985, 
Diabetes, 34,477-484; Tarsio J. F. et al., 1988, Diabetes, 37, 
532–539; Sternberg M. et al., 1995, C.R. Soc. Biol., 189, 
967-985). 
0015 Thus, it is understood that in the course of aging of 
the skin, the physicochemical properties of collagen modify 
and this collagen becomes more difficult to dissolve and 
degrade. 

0016. Thus, one of the components of aged skin clearly 
appears to be glycated collagen. 

0017. It is very well known to this art that the skin results 
from a close combination between at least two components 
of which it is composed, namely, the epidermis and the 
dermis. The interactions between the dermis and the epider 
mis are Such that it is reasonable to expect that a modifica 
tion of one may have consequences on the other. It may be 
Suspected that aging of the dermis, in particular with its 
glycation phenomena will inevitably have consequences on 
the epidermis with which is associated. In the course of 
aging of the skin, the glycation of collagen should result in 
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modifications of the epidermis which are necessarily impli 
cated in aging of the epidermis. 

0.018 Thus, if the glycation of dermal proteins, particu 
larly collagen, elicits nothing more than harmful conse 
quences on the skin, Similar consequences are to be expected 
of the glycation of the proteins in the Structures associated 
with the skin Such as, for example, the nails and/or the hair 
and, indeed, of any protein System. 

0019. It will thus be appreciated that need continues to 
exist for active agents/species which reduce or even inhibit 
the phenomenon of glycation of proteins. 

SUMMARY OF THE INVENTION 

0020. It has now surprisingly and unexpectedly been 
determined that the hydroxyStilbenes elicit the effect of 
reducing or even inhibiting the phenomenon of glycation of 
proteins. 

0021 Briefly, the present invention features the admin 
istration to an individual Subject in need of Such treatment, 
of an effective amount of at least one hydroxyStilbene, or 
composition comprised thereof, to reduce or even inhibit the 
glycation of proteins, particularly the glycation of proteins 
of the skin and/or of the structures associated therewith. This 
invention thus features a cosmetic/dermatological regime/ 
regimen, comprising administering to an individual Subject 
in need of Such treatment, an effective amount of at least one 
hydroxyStilbene, or composition comprised thereof, to 
reduce or even inhibit the glycation of dermal proteins, for 
example collagen, and/or the nails, and/or the hair, for 
example the keratins. 

0022. The present invention also features administration 
of an effective amount of at least one hydroxyStilbene, or 
composition comprised thereof, to preventively and/or cura 
tively treat the Signs of aging of the skin or of its associated 
Structures, which are implicated in glycation. 

DETAILED DESCRIPTION OF BEST MODE 
AND SPECIFIC/PREFERRED EMBODIMENTS 

OF THE INVENTION 

0023 More particularly according to the present inven 
tion, the preferred hydroxyStilbenes are compounds having 
the structural formula (I): 

(I) 

0024 in which n is an integer ranging from 0 to 4, 
inclusive and m is an integer ranging from 0 to 5, inclusive. 
These compounds can be in a cis- or trans-form. 
0.025 According to the invention, by the term “hydrox 
yStilbene' are intended both the compounds of formula I and 
the hydroxyalkyl derivatives thereof. 

0026. The hydroxyStilbenes are compounds that exist in 
the natural State in plants of the Spermatophyte family and 
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particularly in Vine. Such compounds, for example Such as 
reSVeratrol, exist in grapes and in wine. 
0027. The hydroxyStilbenes are described in the prior art, 
inter alia, as depigmenting agents, (JP-87/192,040), as 
vasodilators (EP-96/830,517), as antithrobotic agents (JP 
05/016,413), in the treatment of various cardiovascular 
afflictions (CA-2,187,990), as inhibitors of mutagenesis and 
carcinogenesis (JP-06/024.967) or, alternatively, are 
described as antioxidants. 

0028. Among these compounds, resveratrol (or 3.5,4'- 
trihydroxyStilbene) is particularly known for the activities 
described above principally because it is a natural compound 
which exists in the skin of grapeseeds and in wine. In this 
regard, compare the review by Soleas and collaborators 
(Clinical Biochemistry, vol. 30, No 2, pp. 91-113, 1997) 
which well Summarizes the State of the art regarding this 
compound and hydroxyStilbenes. 
0029. However, the ability of the hydroxystilbenes to 
reduce or even inhibit the phenomenon of glycation was 
hitherto unknown. 

0030 Exemplary hydroxyStilbenes according to this 
invention include the mono-, di-, tri-, tetra-, penta-, hexa-, 
hepta-, octa- and nonahydroxyStilbenes, and the hydroxy 
alkyl derivatives thereof. 
0031 Consistent herewith,the hydroxyStilbenes can be 
administered either alone or as mixtures of any nature and 
can be of natural or Synthetic origin. 
0032 Preferred hydroxyStilbenes according to the inven 
tion include: 

0033 4'-hydroxystilbene, 
0034) 2',4'-dihydroxystilbene, 
0035) 3',4'-dihydroxystilbene, 
0036 4,4'-dihydroxystilbene, 
0037 2',4',4-trihydroxystilbene, 

0038 
0039) 
0040 
0041) 
0042 
0043) 
0044) 
0045 
0046) 
0047) 
0048) 
0049) 
0050 
0051) 
0052 
0053) 
0054) 

3',4',4-trihydroxyStilbene, 
2,4,4-trihydroxyStilbene, 
3,4,4-trihydroxyStilbene, 
3,4,5-trihydroxyStilbene, 
2,3,4-trihydroxyStilbene, 
2,3,4-trihydroxyStilbene, 
2,2,4'-trihydroxyStilbene, 
2,4,4,5-tetrahydroxyStilbene 
2,3,4,5-tetrahydroxyStilbene, 
2,2,4,4-tetrahydroxyStilbene, 
3,3',4',5-tetrahydroxyStilbene, 
2,3,4,4-tetrahydroxyStilbene, 
3,3',4,4-tetrahydroxyStilbene, 
3,3',4',5,5'-pentahydroxyStilbene, 
2,2,4,4,6-pentahydroxyStilbene, 
2,3'44",6-pentahydroxyStilbene, 
2,2',4,4,6,6'-hexahydroxyStilbene. 
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0055 3,4'5-Trihydroxystilbene, or resveratrol, is more 
preferred according to the invention. 
0056. The hydroxyStilbene or composition comprised 
thereof are particularly well Suited according to the inven 
tion for topical application onto the Skin and/or the nails 
and/or the hair. 

0057 The amount of hydroxyStilbene which is adminis 
tered according to the invention naturally depends upon the 
desired effect and should be an amount which is effective in 
reducing or even inhibiting glycation. 

0.058 For example, the amount of hydroxyStilbene which 
can be used according to the invention advantageously 
ranges, for example, from 0.001% to 10% and preferably 
from 0.005% to 5% relative to the total weight of the 
composition. 

0059. In addition, the compositions of the invention are 
administered for a period of time which is sufficient to elicit 
the expected effects. To provide an order of magnitude, this 
duration can be a minimum of 3 weeks, but can also be more 
than 4 weeks, or even more than 8 weeks. 

0060. The subject compositions are especially well suited 
for cosmetic and dermatological applications, advanta 
geously cosmetic applications. 

0061 The compositions of the invention Suited for topi 
cal application contain a physiologically acceptable 
medium, i.e., a medium (vehicle, diluent or carrier) which is 
compatible with the skin, including the Scalp, structures 
asSociated there with, mucous membranes and/or the eyes 
and can constitute, in particular, a cosmetic or dermatologi 
cal composition. 
0062) The subject compositions can be in any pharma 
ceutical form normally employed in cosmetics and derma 
tology, and can be, in particular, in the form of an optionally 
gelled aqueous Solution, a dispersion of the lotion type 
which may contain two phases, an emulsion obtained by 
dispersing a fatty phase in an aqueous phase (O/W) or 
conversely (W/O), or a triple emulsion (W/O/W or O/W/O), 
or a vesicular dispersion of ionic and/or nonionic type. 
These compositions are prepared according to the usual 
methods. 

0.063. The compositions of the invention can be formu 
lated, for example, as a lotion, a gel, an ointment, a cream 
or a milk, a makeup-removing or cleansing lotion or milk, a 
Shampoo, or a shower gel. 

0064. The present invention also features a cosmetic 
regime/regimen for treating the Signs of aging associated 
with the glycation of proteins, particularly of the skin and/or 
the nails and/or the hair, comprising topically applying a 
cosmetic composition containing an effective amount of at 
least one hydroxyStilbene onto the skin and/or the nails 
and/or the hair, Such hydroxyStilbene or composition thereof 
being present in Such amounts as to inhibit glycation. 

0065. In order to further illustrate the present invention 
and the advantages thereof, the following Specific example 
is given, it being understood that same is intended only as 
illustrative and in nowise limitative. 

0.066. In said example to follow, all parts and percentages 
are given by weight, unless otherwise indicated. 
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EXAMPLE 

0067 Study of the effect of resveratrol on glycation: 
0068 Experiment 1: 
0069. A 1 mg/ml Solution of bovine serum albumin 
dissolved in phosphate-buffered saline (PBS) was incubated 
at 37 C. for 14 days in the presence or absence of D-ribose 
at a concentration of 10 mM or of resveratrol at concentra 
tions of 1 uM and 10 uM. 
0070 The glycation was evaluated by measuring the 
fluorescence of the AGES at em.=440 nm emitted by each 
sample after excitation at ex. =370 nm. 
0071. The inhibition of glycation was visualized by the 
decrease in fluorescence compared with the Sample treated 
with Sugar alone. 
0072 The results obtained are reported in Table I below: 

TABLE I 

1 uM resveratrol 10 uM resveratrol 

% inhibition 17% 29.8% 

0073 Resveratrol exhibited an advantageous anti-glyca 
tion effect at and above a concentration of 1 uM. 
0074) Experiment 2: 
0075. The anti-glycating power of resveratrol was evalu 
ated on the hair. 

0076. The glycation reaction was modelled in vitro in a 
biochemical model using human hair proteins (keratins) as 
a Support for glycation with ribose. 
0077 Protocol: 
0078. The test system consisted of isolated hair, incu 
bated in a phosphate buffer (0.2M, pH=7.4) containing 50 
mM of ribose (origin:Sigma). 
007.9 The resveratrol dissolved in water of MilliO grade 
was tested at concentrations of 107M, 10M, 10M and 
1OM. 

0080. The resveratrol was added to the test system con 
taining the isolated hair, the ribose and 10% (V/V) of a 0.5% 
(w/v) Sodium azide Solution. The assembly was incubated at 
50° C. in the absence of light and air for 14 days. 
0081 Control samples, incubated in the presence and 
absence of ribose, were tested in parallel. 
0082. After incubation for 14 days, the incubation media 
were removed and the hair was washed with a solution 
containing 10 mM of guanidium chloride and then in water 
of MilliO grade in order to remove all trace of free ribose. 
0083. The hair was then placed in a solution containing 
50% (v/v) of ethanol and 50 mM of DTT for 15 minutes at 
37 C. After washing, the samples were placed in a Solution 
containing 10 mM of 5,5'-dithiobis-2-nitrobenzoic acid. The 
absorbance relating to the free cystine residues was mea 
sured at 415 nm. The samples were then washed in a 50% 
(v/v) ethanol solution and then heated for 30 minutes at 100 
C. in a 2M hydrazine monohydrate solution (pH 9.4). After 
addition of a 1 mg/ml solution of phenylhydrazine in a 40% 
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(v/v) acetic acid Solution, the samples were incubated for 
lacuna 60° C. and the absorbance relating to the glycated 
proteins was measured at 390 nm. For each Sample, the 
glycation indeX was evaluated by the ratio between the 
absorbance at 390 nm and the absorbance at 415 nm. 

(valuecontrol+sugar valueproduct+sugar) 
% of inhibition= x 100 (valuecontrol+sugar - valueproduct-sugar) 

0084. The groups of data (control group and treated 
groups) were processed by means of a variance analysis 
(ANOVA), followed by a Dunett test. 
0085. The results obtained are reported in Table II below: 

TABLE II 

Control - Control + R: R: R: R: 
ribose ribose 107M 10M 10 M 10 M 

Glycation O.181 1.135 0.708* 0.574* 0.646* 0.372* 
index 
Standard O.O39 O.22O O.O81 O.228 O.182 0.069 
deviation 
% 45 59 51 8O 
Inhibition 

R: resveratrol; 
*: p < 0.05 

0.086 Under these experimental conditions, the resvera 
trol compound exhibited an anti-glycation activity of 80% at 
a concentration of 10"M. 

0087 While the invention has been described in terms of 
various specific and/or preferred embodiments, the skilled 
artisan will appreciate that various modifications, Substitu 
tions, omissions, and changes may be made without depart 
ing from the Spirit thereof. Accordingly, it is intended that 
the scope of the present invention be limited solely by the 
Scope of the following claims, including equivalents thereof. 

What is claimed is: 
1. A regime and/or regimen for reducing or inhibiting the 

glycation of Susceptible Substrates of an individual Subject in 
need of Such treatment, comprising administering to Such 
Subject an effective amount of at least one hydroxyStilbene 
compound, for Such period of time as required to elicit 
reduction or inhibition of the glycation of the Susceptible 
Substrates, Said period of time being at least 3 to 8 weeks. 

2. A regime and/or regimen for reducing or inhibiting the 
glycation of proteins of an individual Subject in need of Such 
treatment, comprising administering to Such Subject an 
effective amount of at least one hydroxyStilbene compound, 
for Such period of time as required to elicit reduction or 
inhibition of the glycation of the proteins, Said period of time 
being at least 3 to 8 weeks. 

3. A regime and/or regimen for reducing or inhibiting the 
glycation of Susceptible proteins of the Skin of an individual 
Subject in need of Such treatment, comprising topically 
administering to Such Subject an effective amount of at least 
one hydroxyStilbene compound, for Such period of time as 
required to elicit reduction or inhibition of the glycation of 
the Susceptible proteins of the skin, Said period of time being 
at least 3 to 8 weeks. 
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4. The regime and/or regimen as defined by claim 3, for 
reducing or inhibiting the glycation of dermal proteins. 

5. The regime and/or regimen as defined by claim 3, for 
reducing or inhibiting the glycation of collagen. 

6. The regime and/or regimen as defined by claim 3, for 
treating aging of human skin. 

7. The regime and/or regimen as defined by claim 1, Said 
at least one hydroxyStilbene compound having the Structural 
formula (I): 

(I) 

in which n is an integer ranging from 0 to 4 and m is an 
integer ranging from 0 to 5. 

8. The regime and/or regimen as defined by claim 3, Said 
at least one hydroxyStilbene compound having the Structural 
formula (I): 

(I) 

in which n is an integer ranging from 0 to 4 and m is an 
integer ranging from 0 to 5. 

9. The regime and/or regimen as defined by claim 3, 
wherein Said at least one hydroxyStilbene compound is: 

4'-hydroxyStilbene, 
2',4'-dihydroxyStilbene, 
3',4'-dihydroxyStilbene, 
4,4'-dihydroxyStilbene, 
2',4',4-trihydroxyStilbene, 
3',4',4-trihydroxyStilbene, 
2,4,4'-trihydroxyStilbene, 
3,4,4'-trihydroxyStilbene, 
3,4,5-trihydroxyStilbene, 
2,3,4-trihydroxyStilbene, 
2,3',4-trihydroxyStilbene, 
2,2,4'-trihydroxyStilbene, 
2,4,4,5-tetrahydroxyStilbene, 
2,3,4,5-tetrahydroxyStilbene, 
2,2',4,4-tetrahydroxyStilbene, 
3,3',4',5-tetrahydroxyStilbene, 
2,3',4,4-tetrahydroxyStilbene, 
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3,3',4,4-tetrahydroxyStilbene, 
3,3',4',5,5'-pentahydroxyStilbene, 
2,2,4,4,6-pentahydroxyStilbene, 
2,3,4,4,6-pentahydroxyStilbene, 
2,2',4,4,6,6'-hexahydroxyStilbene, O 

thereof. 
10. The regime and/or regimen as defined by claim 9, 

wherein Said at least one hydroxyStilbene compound is 
3,4,5-trihydroxyStilbene. 

11. A regime and/or regimen for reducing or inhibiting the 
glycation of Susceptible Substrates of an individual Subject in 
need of Such treatment, comprising administering to Such 
Subject an effective amount of at least one hydroxyStilbene 
compound, for Such period of time as required to elicit 
reduction or inhibition of the glycation of the Susceptible 
Substrates, Said period of time being at least 3 to 8 weeks, 
with the proviso that when Said regime and/or regimen is for 
treating Signs of aging of the skin, Said Signs are those 
resulting from glycation of collagen in the dermis. 

12. A regime and/or regimen for reducing or inhdibiting 
the glycation of proteins of an individual Subject in need of 
Such treatment, comprising administering to Such Subject an 
effective amount of at least one hydroxyStilbene compound, 
for Such period of time as required to elicit reduction or 
inhibition of the glycation of the proteins, Said period of time 
being at least 3 to 8 weeks, with the proviso that when said 
regime and/or regimen is for treating Signs of aging of the 
skin, Said Signs are those resulting from glycation of col 
lagen in the dermis. 

13. A regime and/or regimen for reducing or inhibiting the 
glycation of Susceptible proteins of the Skin of an individual 
Subject in need of Such treatment, comprising topically 
administering to Such Subject an effective amount of at least 
one hydroxyStilbene compound, for Such period of time as 
required to elicit reduction or inhibition of the glycation of 
the Susceptible proteins of the skin, Said period of time being 
at least 3 to 8 weeks, with the proviso that when Said regime 
and/or regimen is for treating Signs of aging of the skin, Said 
Signs are those resulting from glycation of collagen in the 
dermis. 

14. The regime and/or regimen as defined by claim 13, for 
reducing or inhibiting the glycation of dermal proteins. 

15. The regime and/or regimen as defined by claim 13, for 
reducing or inhibiting the glycation of collagen. 

16. The regime and/or regimen as defined by claim 13, for 
treating aging of human skin. 

17. The regime and/or regimen as defined by claim 11, 
Said at least one hydroxyStilbene compound having the 
structural formula (I): 

combination 

(I) 
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in which n is an integer ranging from 0 to 4 and m is an 
integer ranging from 0 to 5. 

18. The regime and/or regimen as defined by claim 13, 
Said at least one hydroxyStilbene compound having the 
structural formula (I): 

(I) 

in which n is an integer ranging from 0 to 4 and m is an 
integer ranging from 0 to 5. 

19. The regime and/or regimen as defined by claim 13, 
wherein Said at least one hydroxyStilbene compound is: 

4'-hydroxyStilbene, 
2',4'-dihydroxyStilbene, 
3',4'-dihydroxyStilbene, 
4,4'-dihydroxyStilbene, 
2',4',4-trihydroxyStilbene, 
3',4',4-trihydroxyStilbene, 
2,4,4'-trihydroxyStilbene, 
3,4,4'-trihydroxyStilbene, 
3,4,5-trihydroxyStilbene, 
2,3,4-trihydroxyStilbene, 

2,3',4-trihydroxyStilbene, 

2,2,4'-trihydroxyStilbene, 

2,4,4,5-tetrahydroxyStilbene, 

2,3,4,5-tetrahydroxyStilbene, 

2,2',4,4-tetrahydroxyStilbene, 

3,3',4',5-tetrahydroxyStilbene, 

2,3',4,4-tetrahydroxyStilbene, 

3,3',4,4-tetrahydroxyStilbene, 

3,3',4',5,5'-pentahydroxyStilbene, 

2,2',4,4,6-pentahydroxyStilbene, 

2,3,4,4,6-pentahydroxyStilbene, 

2,2',4,4,6,6'-hexahydroxyStilbene, O 
thereof. 

20. The regime and/or regimen as defined by claim 19, 
wherein Said at least one hydroxyStilbene compound is 
3,4,5-trihydroxyStilbene. 

combination 

k k k k k 

  


