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Innovative Cosmeceuticals: Sirtuin
Activators and Anti-Glycation Compounds
Patricia K. Farris, MD

Skin aging is a combination of natural aging with superimposed photoaging. Naturally aged
skin is thin, fragile and finely wrinkled whereas photoaged skin is rough and thickened with
deep coarse wrinkles. In addition photoaging is characterized by mottled pigmentation,
solar lentigines, telangectasias and a loss of elasticity. The science behind skin aging has
exploded in the past decade. Skin aging has now been defined on both a cellular and
molecular level. The study of genomics in aging skin provides us with potential targets as
points for intervention. In this regard, the science behind skin aging becomes a platform for
the development of new anti-aging strategies and products. In this paper two new and
emerging approaches to treat aging skin will be discussed. Sirtuin activating and anti-
glycation products are already being marketed by cosmetic and pharmaceutical companies.
These anti-aging approaches are backed by basic science research and the ingredients
used are supported by proof of concept studies although clinical trials are often lacking. It
is this bench to beauty counter approach to cosmeceuticals that remains an industry
standard today.
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The study of aging elucidates that the process is compli-
cated and multifactorial. The role of oxidative stress in

aging has been well defined and is supported by significant
scientific research.1-3 Antioxidants are known to neutralize

amaging free radicals and have diverse biological effects.4-6

They are extremely popular among consumers who ingest
them as supplements in an attempt to mitigate signs of aging
and apply them topically to improve the skin’s appearance.

The authors of recent studies7,8 have demonstrated that
enomic factors are important in regulating skin aging. The
enetic changes that characterize skin aging have been delin-
ated by comparing young skin to naturally aged and photo-
ged skin.8 Through these studies, we know that skin aging is

associated with a down-regulation of genes associated with
lipid biosynthesis, formation of keratin filaments, and the
cornified envelope. This explains the compromise in barrier
function and dryness observed in elderly patients. In photo-
aged skin there is an up-regulation of the transcription factor
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activator protein 1 that produces collagen degrading matrix
metalloproteinases (MMPs). Procollagen 1 genes are down-
regulated, resulting in a net loss of dermal collagen, leaving
skin thin and wrinkled. Photoaged skin is characterized by an
up-regulation in inflammation that is mediated by transcrip-
tion factor nuclear factor kappa beta and an up-regulation in
genes responsible for elastin degradation. This accounts for
the accumulation of elastotic material that is the hallmark of
photoaging.

Dietary Restriction and Aging
The observation that dietary restriction (DR) extends life
span and reduces age-related illnesses led to the discovery of
a family of enzymes called sirtuins.9 Sirtuins mediate the
ffects of DR and have been identified in a variety of species,
ncluding drosophila, worms, rodents, and most recently hu-

ans.10 There are 7 mammalian sirtuins, named SIRT 1
hrough SIRT 7, with SIRT1 being the most important in
umans.
Research has demonstrated that sirtuins are nicotinamide

denine dinucleotide�dependent enzymes that deacetylate
istone.10 When histone is deacetylated, transcription does
ot occur; thus, sirtuins function primarily as gene silenc-

rs.11-13 As such, sirtuins regulate many biological processes,
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particularly those that occur in response to stressful stimuli.14

Sirtuins mediate DNA repair, energy homeostasis, axonal de-
generation, apoptosis, gluconeogenesis, lipid metabolism,
the stress response, and aging (Table 1).15,16

Because DR is not a practical antiaging strategy, there is a
great deal of interest in identifying compounds that can
mimic this effect.17 The screening of multiple small mole-
cules as potential sirtuin-activating compounds found that
resveratrol was the most potent of those evaluated.18 Resvera-
rol is a polyphenolic antoxidant with diverse biological ef-
ects that is found in high concentrations in grapes and red
ine. Investigators have shown that resveratrol prevents in-

ulin resistance, improves cardiovascular health, protects
eurons from degeneration, reduces inflammation and ar-
hritis, prevents cancer, and increases longevity (lifes-
an).19-23 Resveratrol deacetylates targets of SIRT1, support-

ing its mechanism of action as a DR mimetic.20,21

Resveratrol has been shown to have chemopreventative
and antiproliferative effects. Resveratrol acts as an antitumor
agent by affecting all 3 pathways of carcinogenesis, including
initiation, promotion, and progression.24 Topical resveratrol
was evaluated for chemopreventative effects by the use of a
photocarcinogenesis model.25 Mice were subjected to
chronic ultraviolet B exposure, and test groups received ei-
ther pretreatment or posttreatment with topical resveratrol.
After 28 weeks, both pre- and posttreatment groups had a
highly significant inhibition in tumor incidence compared
with control. Both groups also demonstrated a delay in onset
of tumorigenesis. Because posttreatment imparted equal pro-
tection to pretreatment, the authors suggest that the benefits
of resveratrol were not attributable to sunscreen effects. Their
data also suggest that resveratrol exerts its antitumor activity
at least in part via modulation of expression and function of
survivin, a member of the inhibitor of apoptotsis gene family.
Resveratrol has been shown to stimulate apoptosis in a vari-
ety of cell lines and is associated with an increase in expres-
sion of tumor suppressor genes.26,27

Resveratrol has significant potential as a topical antiaging
ingredient in view of its antioxidant and sirtuin activating
properties. Resveratrol down-regulates important transcrip-
tion factors involved in photoaging, including activator pro-
tein 1 and nuclear factor kappa beta.28 Resveratrol has been
shown to suppress expression of MMP-1 and MMP-3 in der-
mal fibroblasts indicating it may be of value in preserving

Table 1 Physiological Processes Modulated by Sirtuins

Enhance longevity
Cell-cycle regulation
Gene silencing
Stress response
Insulin sensitivity
Gluconeogenesis
Lipid metabolism
Axonal degeneration
Apoptosis
dermal collagen.29
In a comparative study in which the authors assessed the
antioxidant capacity of commercially available skin care
products, when oxygen radical absorbance capacity testing
was used, they found that 1% resveratrol (FAMAR, Athens,
Greece) was more potent than 1% idebenone (Prevage MD;
Allergan, Inc, Irvine, CA).30 The oxygen radical absorbance
capacity test is an industry standard for assessing the antiox-
idant capacity of cosmetics. The resveratrol product had a
17-fold greater antioxidant capacity indicating a significant
potential as a preventive for photoaging. Additional studies
have demonstrated that antioxidant capabilities of resveratrol
in human fibroblasts are dose dependent.31

In addition, resveratrol is known to be a phytoestrogen
with potential to attenuate the symptoms of menopause.32

Resveratrol binds to estrogen receptors and has been shown
to protect against bone loss without the risk of breast can-
cer.33,34 Estrogen enhances glycosaminoglycans, increases
ollagen content, and hydrates the skin. It is possible that
esveratrol may have similar benefits on aging skin.35 Further

studies on the use of phytoestrogens to treat aging skin are
warranted.

The science behind resveratrol is plentiful and promising.
In view of its diverse biological properties, it is likely that this
botanical will augment the therapeutic armamentarium of
many fields of medicine, including dermatology. Although
there are numerous nutraceuticals and cosmeceuticals in the
market that tout resveratrol, objective clinical studies con-
firming their benefits are by in large lacking. It is of interest
to note that studies are underway evaluating synthetic deriv-
atives of resveratrol and other small molecule sirtuin activa-
tors.36 Many of these molecules appear to be more potent
than resveratrol and produce a signaling profile that is similar
to DR. There is a great deal of interest in these innovative
sirtuin activators although they are not commercially avail-
able at this time.

A unique ingredient that has been shown to increase sir-
tuin expression are biopeptides from the yeast Kluoveromy-
ces.37 These biopeptides activate SIRT1 in human epidermal
cells and dermal fibroblasts and decrease ultraviolet B-medi-
ated cell senescence and DNA fragmentation.37 An oil–water
mulsion containing 1% yeast biopeptides, an extract of Afra-
omum angustifolium seeds, and 9 other antiaging ingredients
as tested on 33 female subjects.37 The subjects applied the

product once daily to the face and neck for 4weeks. Skin
hydration was improved after the first application, and there
was a significant improvement in a variety of parameters of
photoaging, including fine lines and wrinkles, pigmentation,
radiance, and texture after 4 weeks of use. This product con-
taining yeast biopeptides in combination with multiple ben-
eficial ingredients offers a complementary approach to treat-
ing aging skin.

Glycation and Skin Aging
The observation that diets with high sugar content elevate
levels of sugar in the blood and skin dates back to 1945.38

Most sugar deposited in skin is protein bound and by lower-

ing dietary sugars one can effectively lower skin sugar con-
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tent. In diabetics, circulating glucose interacts with proteins,
lipids and nucleic acids resulting in the formation of ad-
vanced glycation end products (AGE).39 Advanced glycation
nd products are directly implicated in many of the compli-
ations seen in diabetics, including vascular disease, ne-
hropathy, retinopathy, and neuropathy.
In the skin the primary AGE is glycated collagen.40 Gly-

ated collagen is crosslinked through covalent bonds render-
ng collagen stiff and interfering with collagen repair mecha-
isms. It is postulated that glycated collagen may be
esponsible for vascular changes, poor wound healing and
kin stiffness seen in diabetics.41 It is of interest that glycation

of collagen also occurs as part of the normal aging process.42

Glycated collagen begins to appear in patients who are in
their late 20s and accumulates at a rate of approximately
3.7% per year. The percentage of glycated collagen varies
according to diet and is increased with sun exposure.43

In addition to sugar, preformed AGE consumed through
dietary sources can also glycate collagen and other proteins.44

Cooking techniques, such as grilling, frying, and roasting,
produce AGEs that can be absorbed through dietary inges-
tion. To avoid dietary AGE consumption, cooking food by
poaching, boiling, or steaming is preferable. In addition to
affecting proteins, AGE consumed through diet appear to
interfere with normal intestinal flora.45 This alteration in gut

ora reduces absorption of nutrients and chemicals that may
nhibit AGE formation and thus further contributes to an
nflammatory response.

The importance of controlling AGE has led to studies at-
empting to identify compounds that may inhibit their pro-
uction. Chelating agents and antioxidants that are scaven-
ers of hydroxyl radicals block the glycation process.46 In a
omparative study, extracts of 24 herbs and spices were
ested for their ability to inhibit glycation of albumin.47 In

general, spice extracts were more potent inhibitors of glyca-
tion than herb extracts, with ginger, cinnamon, allspice, and
cloves, being among the most potent. Herbs such as sage,
marjoram, tarragon, and rosemary were also effective. Other
botanicals, such as silymarin, blueberry extract, and querce-
tin, have also demonstrated potent antiglycation activity (Ta-
ble 2).48,49 Finally, studies have demonstrated that carnosine,
arnitine, taurine, and �-lipoic acid are also effective.50 It is

Table 2 Botanicals with Anti-glycation Activity

Blueberry
Quercetin
Silymarin
Cloves
Ginger
Cinnamon
Allspice
Sage
Marjoram
Tarragon
Rosemary
important to note that to date no diet-related compounds
have been shown to remove already-formed AGE, so preven-
tion appears to be key.51,52

The use of antiglycation ingredients in antiaging cosme-
ceuticals has gained favor with cosmetic companies, although
clinical studies are few. In an interesting study, authors eval-
uated the antiglycation and antiaging effects of a topical prod-
uct containing blueberry extract and C-xyloside on diabetic
skin.53 Blueberry extract has known antiglycation properties

hereas C-xyloside stimulates glycosaminoglycan produc-
ion. Twenty type II diabetic females 55� years in age with
oderate aging applied the cosmeceutical product to their

aces, hands, and inner forearm twice daily for 12 weeks.
linical grading, digital photography, skin caliper measure-
ents, corneometry, and skin AGE measurements were per-

ormed at baseline, 4, 8, and 12 weeks. After 12 weeks, the
nvestigators found statistically significant improvement in
kin caliper measurements, skin hydration, and parameters
f skin aging, including fine lines, firmness, radiance, skin
one, smoothness, creping, and overall appearance when
ompared with baseline. Of interest was the fact that skin
GE as measured by skin autofluorescence remained un-
hanged throughout the study. The authors suggest that
mall sample size and limited time frame of the study may
ave been insufficient to produce a statistically significant
hange in skin AGE. Studies like this highlight the need for
urther research on the use of topically applied anti-glycation
roducts.
The use of cosmeceuticals containing antioxidants, alpha

ydroxy acids, and retinoids remain the gold standard for
ermatologists. The plethora of science, clinical studies and

ong-term clinical use substantiate their benefits. As the sci-
nce behind aging continues to evolve, there will undoubt-
dly be new approaches and ingredients marketed to treat
ging skin. Although there is new and exciting science to
upport the potential of sirtuin activators and anti-glycation
roducts further investigation is warranted to confirm their
linical efficacy.

References
1. Ames BN, Shigenaga MK, Hagen TM: Oxidants, antioxidants, and the

degenerative diseases of aging. Proc Natl Acad Sci U S A 90:7915-7922,
1993

2. Pinnell SR: Cutaneous photodamage, oxidative stress, and topical an-
tioxidant protection. J Am Acad Dermatol 48:1-19, 2003

3. Muller FL, Lustgarten MS, Jang Y, et al: Trends in oxidative aging
theories. Free Radic Biol Med 43:477-503, 2007

4. Masaki H: Role of antioxidants in the skin: Anti-aging effects. J Derma-
tol Sci 58:58-90, 2010

5. Darr D, Dunston S, Faust H, et al: Effectiveness of antioxidants (vitamin
C and E) with and without sunscreens as topical photoprotectants. Acta
Derm Venereol 76:264-268, 1996

6. Mukhtar AF: Botanical antioxidants in the prevention of photocarcino-
genesis and photoaging. Exp Dermatol 15:678-684, 2006

7. Camougrand N, Rigoulet M: Aging and oxidative stress: Studies of
some genes involved both in aging and in response to oxidative stress.
Respir Physiol 128:393-401, 2001

8. Robinson MK, Binder RL, Griffiths CE: Genomic-driven insights into
changes in aging skin. J Drugs Dermatol 8:s8-s11, 2009

9. Lin SJ, Defossez PA, Guarente L: Requirement of NAD and SIR2 for
life-span extension by calorie restriction in Saccharomyces cerevisiae.

Science 289:2126-2128



166 P.K. Farris
10. Blander G, Guarente L: The Sir2 family of protein deacetylases. Annu
Rev Biochem 73:417-435, 2004

11. Vaziri H, Dessain SK, Ng Eaton E, et al: hSIR2(SIRT1) functions as an
NAD-dependent p53 deacetylase. Cell 107:149-159, 2001

12. Nemoto S, Fergusson MM, Finkel T: SIRT1 functionally interacts with
the metabolic regulator and transcriptional coactivator PGC-1{alpha}.
J Biol Chem 280:16456-16460, 2005

13. van der Horst A, Tertoolen LG, de Vries-Smits LM, et al: FOXO4 is
acetylated upon peroxide stress and deacetylated by the longevity pro-
tein hSir2(SIRT1). J Biol Chem 279:28873-28879, 2004

14. Imai S, Sirtuins GL: A universal link between NAD, metabolism and
aging, in Guarente L, Patridge WD (eds): The Molecular Biology of
Aging. New York, Cold Spring Habor Laboratory, 2007, pp 39-72

15. Dali-Youcef N, Lagouge M, Froelich S, et al: The “magnificent seven”:
Function, metabolism and longevity. Ann Med 39:335-345, 2007

16. Michan S, Sinclair D: Sirtuins in mammals: Insights into their biological
function. Biochem J 404:1-13, 2007

17. Ingram DK, Zhu M, Mamczarz J, et al: Calorie restriction mimetics: An
emerging research field. Aging Cell 5:97-108, 2006

18. Howitz KT, Bitterman KJ, Cohen HY, et al: Small molecule activators of
sirtuins extend Saccharomyces cerevisiae lifespan. Nature 425:191-196,
2003

19. Barger JL, Kayo T, Vann JM, et al: A low dose of dietary resveratrol
partially mimics calorie restriction and retards aging parameters in
mice. PloS ONE 3:e2264, 2009

20. Baur JA, Pearson KJ, Price NL, et al: Resveratrol improves health and
survival of mice on a high-calorie diet. Nature 444:337-342, 2006

21. Lagouge M, Argmann C, Gerhart-Hines Z, et al: Resveratrol improves
mitochondrial function and protects against metabolic disease by acti-
vating SIRT1 and PGC-1alpha. Cell 127:1109-1122, 2006

22. Baur JA: Resveratrol, sirtuins, and the promise of a DR mimetic. Mech
Ageing Dev 131:261-269, 2010

23. Marques FZ, Markus MA, Morris BJ: Resveratrol: Cellular actions of a
potent natural chemical that confers a diversity of health benefits. Int
J Biochem Cell Biochem Cell Biol 41:2125-2128, 2009

24. Jang M, Cai L, Udeani GO, et al: Cancer chemopreventive activity of
resveratrol, a natural product derived from grapes. Science 275:218-
220, 1997

25. Aziz MH, Reagan-Shaw S, Wu J, et al: Chemoprevention of skin cancer
by grape constituent resveratrol: Relevance to human disease? FASEB J
19:1193-1195, 2005

26. Clément MV, Hirpara JL, Chawdhury SH, et al: Chemopreventive agent
resveratrol, a natural product derived from grapes, triggers CD95 sig-
naling-dependent apoptosis in human tumor cells. Blood 92:996-
1002, 1998

27. Huang C, Ma WY, Goranson A, et al: Resveratrol suppresses cell trans-
formation and induces apoptosis through a p53-dependent pathway.
Carcinogensis 20:237-242, 1999

28. Kundu JK, Shin YK, Surh YJ: Resveratrol modulates phorbol ester-
induced pro-inflammatory signal transduction pathways in mouse skin
in vivo: NF-kappaB and AP-1 as prime targets. Biochem Pharmacol
72:1506-1515, 2006

29. Ohguchi K, Itoh T, Akao Y, et al: SIRT1 modulates expression of matrix
metalloproteinases in human dermal fibroblasts. Br J Dermatol 162:
689-694, 2010

30. Baxter RA: Anti-aging properties of resveratrol: Review and report of a
potent new antioxidant skin care formulation. J Cosmet Dermatol
7:2-7, 2008

31. Jagdeo J, Adams L, Lev-Tob H, et al: Dose-dependent antioxidant func-
tion of resveratrol demonstrated via modulation of reactive oxygen
species in normal human skin fibroblasts in vitro. J Drugs Dermatol
12:1523-1526, 2010
32. Calabrese G: Nonalcoholic compounds of wine: The phytoestrogen
resveratrol and moderate red wine consumption during menopause.
Drugs Exp Clin Res 25:111-114, 1999

33. Gehm BD, McAndrews JM, Chien PY, et al: Resveratrol, a polyphenolic
compound found in grapes and wine, is an agonist for the estrogen
receptor. Proc Natl Acad Sci U S A 94:14138-14143, 1997

34. Su JL, Yang CY, Zhao M, et al: Forkhead proteins are critical for bone
morphogenetic protein-2 regulation and anti-tumor activity of resvera-
trol. J Biol Chem 282:19385-19398, 2007

35. Castelo-Branco C, Duran M, González-Merlo J: Skin collagen changes
related to age and hormone replacement therapy. Maturitas 15:113-
119, 1992

36. Smith JJ, Kenney Rd, Gagne DJ, et al: Small molecule activators of
SIRT1 replicate signaling pathways triggered by calorie restriction in
vivo. BMC. Syst Biol 3:31, 2009

37. Moreau M, Neveu M, Stephan S, et al: Enhancing cell longevity for
cosmetic application: A complementary approach. J Drugs Dermatol 6
Suppl:14-18, 2007

38. Urbach E, Lentz JW: Carbohydrate metabolism and skin. Arch Derma-
tol Syph 52:301-316, 1945

39. Méndez JD, Xie J, Aguilar-Hernández M, et al: Molecular susceptibility
to glycation and its implication in diabetes mellitus and related dis-
eases. Mol Cell Biochem 344:185-193, 2010

40. Chace KV, Carubelli R, Nordquist RE: The role of nonenzymatic gly-
cosylation, transition metals, and free radicals in the formation of col-
lagen aggregates. Arch Biochem Biophys 288:473-480, 1991

41. Hujiberts MS, Schaper NC, Schalkwijk CG: Advanced glycation end
products and diabetic foot disease. Diabetes/Metab Res Rev 24 Suppl
1:S19-S24, 2008

42. Corstjens H, Dicanio D, Muizzuddin N, et al: Glycation associated skin
autofluorescence and skin elasticity are related to chronological age and
body mass index of healthy subjects. Exp Gerontol 43:663-667, 2008

43. Yamauchi M, Prisayanh P, Haque Z, et al: Collagen cross-linking in
sun-exposed and unexposed sites of aged human skin. J Invest Derma-
tol 97:938-941, 1991

44. O’Brien J, Morrissey PA: Nutritional and toxicological aspects of the
Maillard Browning reaction in foods. Crit Rev Food Sci Nutr 28:211-
248, 1989

45. Tuohy KM, Hinton DJ, Davies SJ, et al: Metabolism of Maillard reaction
products by the human gut microbiota--implications for health. Mol
Nutr Food Res 50:847-857, 2006

46. Takagi Y, Kashiwagi A, Tanaka Y, et al: Significance of fructose-induced
protein oxidation and formation of advanced glycation end product. J
Diabetes Complications 9:87-91, 1995

47. Dearlove RP, Greenspan P, Hartle DK, et al: Inhibition of protein gly-
cation by extracts of culinary herbs and spices. J Med Food 11:275-281,
2008

48. Mcintyre KL, Harris CS, Saleem A, et al: Seasonal phytochemical vari-
ation of anti-glycation principles in lowbush blueberry (Vaccinium
angustifolium). Planta Med 75:286-292, 2009

49. Wu CH, Yen GC: Inhibitory effect of naturally occurring flavonoids on
the formation of advanced glycation end products. J Agric Food Chem
53:167-173, 2005

50. Thirunavukkarasu V, Nandhini AT, Anuradha CV: Fructose diet-in-
duced skin collagen abnormalities are prevented by lipoic acid. Exp
Diabesity Res 5:237-244, 2004

51. Danby FW: Nutrition and aging skin: Sugar and glycation. Clin Der-
matol 28:409-411, 2010

52. Furber JD: Extracellular glycation crosslinks: Prospects for removal.
Rejuvenation Res 9:274-278, 2006

53. Draelos ZD, Yatskayer MS, Raab S, et al: An evaluation of the effect of a
topical product containing C-xyloside and blueberry extract on the
appearance of type II diabetic skin. J Cosmet Dermatol 8:147-151,

2009


	Innovative Cosmeceuticals: Sirtuin Activators and Anti-Glycation Compounds
	Dietary Restriction and Aging
	Glycation and Skin Aging
	References


