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Patients are often seeking advice about which topical products are most
effective 1n treating periorbital rhytides
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Epidermal thickness: 0.2-0.4 mm

Caution: due to thin skin and close proximity to the eye
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Classically, treatment options are divided into 3 groups:

Surgical
Non-Surgical (fillers, neuromodulators, laser and light therapy)

Adjunctive (topicals and peels)
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Klingman: three golden rules of cosmeceuticals

1) Can the active ingredient penetrate the stratum corneum and be delivered in

sufficient concentrations to its intended target in the skin over a time course
consistent with its mechanism of action?

2) Does the active ingredient have a specific biochemical mechanism of action
in the target cell or tissue in human skin?

3) Are there published peer-reviewed, double-blinded, placebo controlled
statistically significant clinical trials to substantiate the efficacy claims?
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Effects of retinoids on fine lines and rhytides are well known
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Due to retinoids ability to induce irritation, there is hesitation to use these
products near the eye with the potential to damage to the eye or cause
unappealing periorbital erythema



Efficient water soluble antioxidant

Neutralizes free radicals (intracellularly and extracellularly)

Protected porcine skin from UVA phototoxic injury & UVB induced erythema &
sunburn cell formation

Essential in collagen biosynthesis; cofactor for both lysyl & prolyl hydroxylase

Provides lightening benefits via inhibition of tyrosinase

3 month double blind vehicle controlled study- 84.2% preferred side treated with
vitamin C and optical proflometry demonstrated 73.7% improvement of crows feet



Greatest challenge: product stability and adequate penetration

Water soluble =»prone to oxidation = byproduct dehydroascorbic acid

Thus, must be formulated at pH < 3.5 to enter the skin

Maximal concentration for optimal percutaneous absorption 1s 20%

Beneficial combination of anhydrous ascorbic acid + lipid soluble terahexyldecyl
(THD) ascorbate



Lipophilic antioxidant: protective for cell membrane & stratum corneum lipid bilayer

Neutralizes free radicals & promotes healing process

Decreases UVB- induced photodamage, inhibits human metalloproteinases that
degrade elastin & inhibits UV- induced tumor formation

4 month facial study with 5% topical vitamin E showed improvement in periorbital
rhytides post-UV inflammation

15% L-ascorbic acid & 1% a-tocopherol = 4-fold photoprotection against erythema
& sunburn cell formation

Synergistic photoprotection: d/t combining the hydrophilic & lipophilic antioxidants
=>» stabilized formulation



Antioxidant effects, reduces skin yellowing, hyperpigmentation, erythema &
blotchiness, improves the epidermal barrier & reduces fine lines & wrinkles

Inhibits melanosome transfer from melanocytes to keratinocytes

Increases collagen production as shown in fibroblast cultures & reduces
excess dermal glycosaminoglycans (GAGs) which are characteristic of
photodamaged skin

Increases lipid and protein components of the stratum corneum =@ reduces
transepidermal water loss(TEWL) & 1increases the skin’s barrier properties

One of the best studied cosmeceutical ingredients for antiaging



* Epigallocatechin-3-gallate (EGCG): most abundant & physiologically active
polyphenol

* EGCG is a powertul free-radical scavenger that has been shown to reduce UVA-
induced sun damage and UVB-induced lipid peroxide, to downregulate
UV-induced expression of AP-1 and NF-kB, to inhibit expression of

collagenase in cultured human fibroblasts, and to prevent collagen crosslinking
in hairless mice

* Histologic exam: green tea application protected epidermal Langerhans cells from
UV damage and reduced the number of sunburn cells



* Lack of stability and epidermal penetration

* EGCG 1s a highly reactive compound that 1s easily oxidized
* Oil-in-water emulsion = most effective percutaneous penetration

* Glycosalated form: more efficacious for targeting keratinocytes & max. antioxidant
activity

* Skepticism: the only randomized, double-blind, controlled clinical study found no
statistically significant clinical improvement

* If stability & penetration can be addressed, the benefits of green tea for the human
skin could become a powerful adjunct in our cosmeceutical armamentarium



Lysine-threonine-threonine-lysine-serine (KTTKS) is a fragment of procollagen I, which
has been shown to stimulate dermal matrix production in fibroblast cultures

Palmitoyl, a fatty acid fragment, added to this hydrophilic peptide improves cutaneous
penetration

12 wk, double-blind, placebo controlled, split face study, topical 3 parts/million
pal-KTTKS > 4 significant improvement in the appearance of facial rhytids

Indefinite modifications can be made to the amino acid sequences comprising peptide
molecules

As the amino acid residues increase, so does the cost and difficulty of skin penetration

This technology will continue to evolve in the future and will play an integral role in the
cosmeceutical industry
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Integral role in the repair and remodeling of dermal infrastructure

Topical application promotes growth of keratinocytes, dermal fibroblasts
& other cells with decreased proliferative capacity due to aging

Two studies utilizing GF & cytokines obtained from cultured human fetal
fibroblasts = 17% improvement of periorbtial wrinkles after 2 months of
BID application & 33% improvement after 6 months of BID usage

On histology: 37% increase in grenz-zone collagen & 30% increase in
epidermal thickness after 60 days of BID application
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Alternative to human growth factors =» topical product containing secretions of

the snail Cryptomphalus aspersa (SCA)

Shown to provide significant improvement of periorbital rhytides after 12 wks
of use

Large molecular size of growth factors: effective skin penetration?

Penetrate via a vertical pathway such as hair follicles, sweat glands or microlesions
in the inter-follicular stratum corneum

Growth factors & cytokines will likely continue to be an

emerging area of study for periorbital rejuvenation
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Glycolic acid, lactic acid, mandelic acid & benzilic acid

Decreases corneocyte cohesion above the stratum granulosum, promoting
exfoliation of the outer layers of stratum corneum

Topical AHASs for 6 months resulted in 25% increase in epidermal thickness with
improved synthesis of glycosaminoglycans, collagen & possibly elastic fibers

Also reversed basal cell atypia, dispersal of melanin pigmentation & return to a
more normal rete pattern
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L-(Wy-*C)-malic acid L-{U)-*C)-malic acid

Formulated in daily skin care regimens

Higher concentrations may be used for chemical peels

Address the crucial issues of periorbital rejuvenation including photoaging &
hyperpigmentation
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Naturally occurring glycosaminoglycan; major component of ECM

Humectant: attracts moisture; binds 1,000 X its volume in water

Helps maintain tissue elasticity, turgor, and hydration
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Challenge: the ability to penetrate the dermis to achieve maximal
deposition

Most OTC hyaluronic molecules are 3,000 nm in diameter, whereas the
intercellular space 1s only 15 to 50 nm

Recent study: efficacy of a nanoproduct of 5nm in reducing the depth
of wrinkles, increasing moisture and elasticity of the face and
periorbital region found a statiscally significant change



Essential component of the stratum corneum

Integral role in skin barrier function & maintenance of homeostasis

Improves skin hydration, reduces TEWL & increases tretinoin tolerability

Addition of ceramides to any periorbital rejuvenation regimen will provide
improvement in overall skin hydration
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In vitro studies indicate caffeine exerts antioxidant properties

Exhibits anti-inflammatory properties

Caffeine stimulates lipolysis by autonomic neural mechanisms =2 improves
lower eyelid sagging and puffiness

Although caffeine 1s used 1n many cosmeceutical products, there 1s still
caution for its anti-aging use, as it has been shown to reduce collagen

synthesis 1n human cultured skin fibroblasts
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Moderate anti-oxidant activities

Potent anti-inflammatory action

Further studies need to be performed to clearly demonstrate the role

of chamomile in reducing puffiness and irritation of periorbital skin



Glycyrrhetinic acid: pharmacologically active compound 1n licorice root

with anti-inflammatory properties

Licorice root contains liquirtin and isoliquertin which disperse melanin and
glabridin which inihibits tyrosinase

Licorice root 1s effective in treating the hyperpigmentation associated with
photoaging

More studies are needed to examine its role specifically in periorbital
hyperpigmentaiton
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Accelerate skin turnover = Hydroxy acid, retinoic acid

Premelanin synthesis=®» Tretinoin

Tyrosinase inhibition=» Hydroquinone, azelaic acid, kojic, arbutin, soy,
mushroom, peptides

Post melanin synthesis tyrosinase degradation =® Linoleic acid
Postmelanin synthesis melanosome transfer inhibition =»Soy, niacinamide

Interacts with copper ions to reduce dopaquinone = Vitamin C
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Noninvasive polymer emulsion which can be applied to the under eye

area =» resultant in-situ crosslinking functionality & formation of an
invisible film

A randomized, split face study identified a one grade improvement in
lower lid bag protrusion & increased epidermal thickness
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Periorbital region 1s a critical aspect of facial rejuvenation

Periorbital treatment options have exponentially grown from extensively
studied retinoids, to recent technology, such as growth factors and peptides

Future scientific advances will continue to

expand our treatment armamentarium for periorbital rejuvenation



L ermrewess

|

-- Balin A, and Pratt L: Physiological consequences of human skin aging. Cutis 1989;43:431-436

- Rohrer TE, Wesley NO, Glogau R, Dover JS. Evaluation of beauty and the aging face. In: Dermatology, Bolognia. Ch 152 2473-2478

- Fisher GJ, Varani J, and Voorhees JJ: Looking older: fibroblast collapse and therapeutic implications. Arch Dermatol. 2008;144:666-672

- Salman A, Mikhail M. Periocular hyperpigmentation: a review of etiology and current treatment options. ] Drugs Dermatol. 2013 Feb;12(2):154-157
- Roh MR, Chung KY. Infraorbital dark circles: definition, causes and treatment options. Dermatol Surg. 2009;35:1163-1171

- Huang Y, Chang S, Ma L, Lee M, Hu S. Clinical analysis and classification of dark eye circles. Int ] Dermatol. 2014 Feb;53(2):164-70

- Bucay VW, Day D. Adjunctive skin care of the brow and periorbital region. Clin Plastic Surg. 2013;40:225-236

- Desai P, Patlolla R, Singh M. Interaction of nanoparticles and cell-penetrating peptides with skin for transdermal drug delivery. Mol Membr Biol. 2010
Oct;27(7):247-259

- Lintner K, Mas-Chamberlin C;, Mondon P, Peschard O, LLamy L. Cosmeceuticals and active ingtedients. Clinics in Dermatology. 2009;27:461-468
- Kligman D. Cosmeceuticals. Dermatol Clin. 2000 Oct;18(4):609-615
- Kligman AM, Grove GL, Hirose R, Leyden JJ. Topical tretinoin for photoaged skin. ] Am Acad Dermatol. 1986 Oct;15(4 Pt 2):836-59

- Creidi P, Vienne MP, Ochonisky S, et al. Profilometric evaluation of photodamage after topical retinaldehyde and retinoic acid treatment. ] Am Acad Dermatol.
1998;39:960-965

- Kang S, Duell EA, Fisher GJ, Datta SC, Wang ZQ, Reddy AP, Tavakkol A, Yi JY, Griffiths CE, Elder JT, Voorhees JJ. Application of retinol to human skin in
vivo induces epidermal hyperplasia and cellular retinoid binding proteins characteristic of retinoic acid but without measurable retinoic acid levels or irritation. |
Invest Dermatol. 1995;105(4):549-556

- Fluhr JW, Vienne MP, Lauze C. Tolerance profile of retinol, retinaldehyde, and retinoic acid under maximized and long-term clinical conditions. Dermatol
1999;199S:57-60

- Oblong JE, Bissett DL. Retinoids. In: Draelos ZD, editor. Cosmeceuticals. Philadelphia: Elsevier Saunders; 2005:35-42
- Erling T. Skin treatment with two different galenical formulations of retinyl palmitate in humans. ] Appl Cosmetol.1993;11:71-6

- Herbort CP, Zografos L, Zwingli M, Schoeneich M. Topical retinoic acid in dysplastic and metaplastic keratinization of corneoconjunctival epithelium.
Graefes Arch Clin

Exp Ovhthalmol 1988:226(1):22- 26



L ermrewess

|

- Sohal RS, Weindruch R. Science.1996 Jul 5;273(5271):59-63

- Farris PK. Topical Vitamin C: A useful agent for treating photoaging and other dermatologic conditions. Dermatol Surg. 2005;31:814-818

- Harman D. Aging: a theory based on free radical and radiation chemistry. ] Gerontol 1956;11:298-300

- Greenstock CL. Free radicals, aging and degenerative diseases. New York: Alan R. Liss, Inc; 1986.

- Colven RM, Pinnell SR. Clin Dermatol. 1996 Mar-Apr;14(2):227-34

- Shindo Y, Witte E, Han D, Epstein W, Packer L. Enzymic and non-enzymic antioxidants in epidermis and dermis of human skin. ] Invest Dermatol. 1994 Jan;102(1):122-4

- Darr D, Combs D, Dunston S, Manning T, Pinnell S. Topical vitamin C protects porcine skin from ultraviolet radiation-indeced damage. Br ] Dermatol. 1992
Sep;127(3):247-53

- Kivirkko KI, Myllyla R. Post-translational processing of procollagens. Annals new york academy of sciences. 1985 Dec;460(1):187-201

- Geesin JC, Darr D, Kaufman R, Murad S, Pinnell SR. Ascorbic acid specifically increases type I and type III procollagen messenger RNA levels in human skin fibroblast. |
Invest Dermatol. 1988 Apr;90(4):420-4

- Carcamo JM, Pedraza A, Borquez-Ojeda O, Golde DW. Vitamin C suppresses TNF alpha-induced NF kappa B activation by inhibiting I kappa B alpha phosphorylation.
Biochemistry. 2002 Oct 29;41(43):12995-3002

- Campos PM, Goncalves GM, Gaspar LR. In vitro antioxidant activity and in vivo efficacy of topical formulations containing vitamin C and its derivatives studied by non-
invasive methods. Skin Res Technol. 2008 Aug;14(3):376-80

- Traikovich SS. Use of topical ascorbic acid and its effects on photodamaged skin topography. Arch Otolaryngol Head Neck Surg. 1999 Oct;125(10):1091-8.

- Pinnell, S. R., Yang, H., Omar, M., Riviere, N. M., DeBuys, H. V., Walker, L. C., Wang, Y. and Levine, M. Topical L-Ascorbic Acid: Percutaneous Absorption Studies.
Dermatologic Surgery. 2001;27:137-142

- Fitzpatrick RE, Rostan EF. Double-blind, half-face study comparing topical vitamin C and vehicle for rejuvenation of photodamage. Dermatol Surg. 2002;28(3):231-236

- Muller L, Theile K, Bohm V. In vitro antioxidant activity of tocopherols and tocotrienols and comparison of vitamin E concentration and lipophilic antioxidant capacity in
human plasma. Mol Nutr Food Res. 2010 May;54(5)731-42

- Moeller VH, Ansmann A, Wallat S. Topical application of vitamin E and its effects on the skin. Fett Wissenschaft Technol. 1989;91:295-305

- Gensler HL, Aickin M, Peng YM, Xu M. Importance of the form of topical vitamin E for prevention of photocarcinogenesis. Nutr Cancer. 1996;26(2):183-191



L ermrewess

|

- Bissett DL, Miyamoto K, Sun P, et al. Topical nicotinamide reduces yellowing, wrinkling, red blotchiness, and hyperpigmented spots in aging facial skin. Int ]
Cosmet Sci. 2004;26:231-238

- Hakozaki T, Minwalla L, Zhuang J, Chhoa M, Matsubara A, Miyamoto K, Greatens A, Hillebrand GG, Bissett DL, Boissy RE. The effect of niacinamide on
reducing cutaneous pigmentation and suppression of melanosome transfer. Cutaneous Biology. 2002 Jan;147:20-31

- Tanno O, Ota Y, Kitamura N, Katsube T, Inque S. Nicotinamide increases biosynthesis of ceramides as well as other stratum corneum lipids to improve the
epidermal permeability barrier. British Journal of Dermatology. 2000 Apr; 143:524-531

- Bissett, D.L., Oblong, J.E., Saud, A. Topical niacinamide provides skin aging appearance benefits while enhancing barrier function. J Clin Dermatol.
2003;328:9-18

- Matts PJ, Oblong JE, Bissett DL. A review of the range of effects of niacinamide in human skin. Intl Fed Soc Cosmet Chem Mag. 2002;5:285-289

- Bissett DL. Topical niacinamide and barrier enhancement. Cutis. 2002;70S:8—12

- Bissett DL, Oblong JE, Berge CA. Niacinamide: A B vitamin that improves aging facial skin appearance. Dermatol Surg. 2005 Jul;(31)7:860-865

- Levin ], Del Rosso JQ, Momin SB. How much do we really know about our favorite cosmeceutical ingredients. J Clinic Aes Derm. 2010 Feb; 3(2):22-42

- F'guyer S, Afaq F, Mukhtar H. Photochemoprevention of skin cancer by botanical agents. Photodermatol. Photoimmunol Photomed 2003: 19: 56-72

- Katiyar SK, Ahmad N, Mukhtar H. Green tea and skin. Arch Dermatol. 2000;136(8):989-94

Hsu S. Green tea and the skin. ] Am Acad Dermatol. 2005 Jun;52(6): 1049-1059

- Elmets CA, Singh D, Tubesing K, et al. Cutaneous photoprotection from ultraviolet injury by green tea polyphenols. ] Am Acad Dermatol. 2001;44(3):425-32

- Rutter K, Sell DR, Fraser N, Obrenovich M, Zito M, Starke-Reed P, Monnier VM. Green tea extract suppresses the age-related increase in collagen crosslinking
and fluotrescent products in C57BL/6 mice. Int J Vitam Nutr Res. 2003 Nov;73(6):453-460

- Scalia S, Trotta V, Bianchi A. In vivo human skin penetration of (-)-epigallocatechin-3-gallate from topical formulations. Acta Pharm. 2014 Jun;64(2):257-265

- Nadim M, Auriol D, Lamerant-FayelL N, Lefévre I, Dubanet L, Redziniak G, Kieda C, Grillon C. Improvement of polyphenol properties upon glucosylation in
a UV-induced skin cell aging model. Int J] Cosmet Sci. 2014 Sep;36:579-587

- Chiu AE, Chan JL, Kern DG, et al. Double-blinded, placebo-controlled trial of green tea extracts in the clinical and histologic appearance of photoaging skin.
Dermatol Surg. 2005;31:855—-860



L ermrewess

|

- Stern R, Maibach HI. Hyaluronan in skin: aspects of aging its pharmacologic modulation. Clin Dermatol. 2008 Mar-Ap1l;26(2):106-22
- Bos JD, Meinardi MMHM. The 500 Dalton rule for the skin penetration of chemical compounds and drugs. Exp Dermatol. 2000;9:165-169

- Pavicic T, Gauglitz GG, Lersch P, Schwach-Abdellaoui K, Malle B, Korting HC, Farwick M. Efficacy of cream-based novel formulations of hyaluronic acid of
different

molecular weights in anti-wrinkle treatment. ] Drugs Dermatol. 2011 Sep;10(9):990-1000
- Harding C. The stratum corneum: structure and function in health and disease. Dermatol Therapy. 2004;17:6-15

- Meckfessel MH, Brandt S. The structure, function, and importance of ceramides in skin and their use as therapeutic agents in skin-care products. ] Am Acad
Dermatol. 2014

Mar;71(1):177-185

- Schorr ES, Sidou F, Kerrouche N. Adjunctive use of a facial moisturizer SPF 30 containing ceramide precursor improves tolerability of topical tretinoin 0.05%:
a

randomized, investigator-blinded, split-face study. ] Drugs Dermatol. 2012 Sep;11(9):1104-1110

- Simpson E, Dutronc Y. A new body moisturizer increases skin hydration and improves atopic dermatitis symptoms among children and adults. | Drugs
Dermatol. 2011 Jul;

10(7):744-53
- Bissett D. Common cosmeceuticals. Clinics in dermatology. 2009; 27:435-445

- Katayama K, Armendariz-Borunda ], Raghow R, Kang AH, Seyer JM. A pentapeptide from type I procollagen promotes extracellular matrix production. ] Biol
Chem. 1993;268:9941-9944

- Robinson LR, Fitzgerald NC, Doughty DG, Dawes NC, Gerge CA, Bissett DL. Topical palmitoyl pentapeptide provides improvement in photoaged human
facial skin. Int ] Cosmet Sci. 2005 Jun;27(3):155-60

- Simeon A, Wegrowski Y, Bontemps Y, et al. Expression of glycosaminoglycans and small proteoglycans in wounds: modulation by the tripeptide-copper
complex glycyl-L-histidyl-L-lysine-Cu2+. J Invest Dermatol. 2000;115:962-8

- Blanes-Mira C, Clemente J, Jodas G, Gil A, Fernandez-Ballester G, Ponsati B, Gutierrez L, Pérez-Paya E, Ferrer-Montiel A. A synthetic hexapeptide (Argireline)
with antiwrinkle activity. Int | Cosmet Sci. 2002 Oct;24(5):303-10

- Werner S, Grose R. Regulation of wound healing by growth factors and cytokines. Physiol Rev. 2003 Jul;83(3):835-870
- Mehta RC, Fitzpatrick RE. Endogenous growth factors as cosmeceuticals. Dermatologic Therapy. 2007;20:350-359

- Gold MH, Goldman MP, Biron ]. Efficacy of novels skin cream containing mixture of human growth factors and cytokines for skin rejuvenation. ] Drug
Dermatol. 2007 Feb;6(2):197-205

- Hussain M. Phelps R. Golbere DI. Clinical. histolooic. and ultrastructural chances after use of human orowth factor and cvtokine skin cream for the treatment



L ermrewess

|

- Fitzpatrick RE, Rostan EF. Reversal of photodamage with topical growth factors: a pilot study. ] Cosmet Laser Ther. 2003 Apr;5(1):25-34

- Fabi SG, Cohen JL, Peterson JD, Kiripolsky MG, Goldman MP. The effects of filtrate of the secretion of the Cryptomphalus aspersa on photoaged
skin. ] Drugs Dermatol. 2013 Apr;12(4):453-7

- Van Scott EJ, Ditre CM, Yu RJ. Alpha-hydroxyacids in the treatment of signs of photoaging. Clinics in Dermatology.1996;14:217-226
- Green BA, Yu RJ, Van Scott EJ. Clinical and cosmeceutical uses of hydroxyacids. Clinics in Dermatology. 2009;27:495-501

- Ditre CM, Griffin TD, Murphy GF, Sueki H, Telegan B, Johnson WC, Yu RJ, Van Scott EJ. Effects of alpha-hydroxy acids on photoaged skin: a
pilot clinical, histologic, and ultrastructural study. ] Am Acad Mermatol. 1996 Feb;34(2 Pt 1):187-95

- Yamamoto Y, Uede K, Yonei N, Kishioka A, Ohtani T, Furukawa F. Effects of alpha-hydroxy acids on the human skin of Japanese subjects: The
rationale for chemical peeling. J. Dermatol. 2006;1:16—22

- Azam S, Hadi N, Khan NU, Hadi SM. Antioxidant and prooxidant properties of caffeine, theobromine and xanthine. Med Sci Monit. 2003;9:BR325-
330.

- Donejko M, Przylipiak A, Rysiak E, Gluszuk K, Surazynski A. Influence of caffeine and hyaluronic acid on collagen biosynthesis in human skin
fibroblasts. Drug Design, Development and Therapy. 2014 Oct;8:1923-1928

- Merighi

- Lupo ML, Cohen JL, Rendon MI. Novel eye cream containing a mixture of human growth factors and cytokines for periorbital skin rejuvenation. |
Drugs Dermatol. 2007 Jul;6(7):725-9

- Acheson KJ, Gremaud G, Merim I, et al. Metabolic effects of caffeine in humans: lipid oxidation or futile cycling? Am J Clin Nutr. 2004;79:40-46

- Trevithick JR, Shum DT, Redae S, et al. Reduction of sunburn damage to skin by topical application of vitamin E acetate following exposure to
ultraviolet B radiation: effect of delaying application or of reducing concentration of vitamin E acetate applied. Scanning Microsc. 1993;7(4):1269-
1281

-Lin J, Selim MA, Shea CR, Crichnik JM, Omar MM, Monteiro-Riviere NA, Pinnell SR. UV photoprotection by combination topical antioxidants
vitamin C and vitamin E. Journal of the American Academy of Dermatology. 2003 Jun;48(6):866-874

- Lin FH, Lin JY, Gupta RD, Thournas JA, Burch JA, Selim MA, Monteiro-Riviere NA, Grichnik JM, Zielinski J, Pinnell SR. Ferulic acid stabilizes a
solution of vitamins C and E and doubles its photoprotection of skin. | Invest Dermatol. 2005 Oct;125:826-832

- Feldmann RJ, Maibach HI. Absorption of some organic compounds through the skin in man. | Invest Dermatol. 1970;54:399—-404



L ermrewess

|

- McKay DL, Blumberg JB. A review of the bioactivity and potential health benefits of chamomile tea (Matricaria recutita L.). Phytother Res.
2006;20:519-530

- Andersen F, Hedegaard K, Petersen TK, Bindslev-Jensen C, Fullerton A, Andersen KE. Anti-irritants I: Dose-response in acute irritation. Contact
Dermatitis. 2006;55:148-154

- Finney RS, Somers GF, Wilkinson JH. The pharmacological properties of glycyrrhetinic acid; a new anti-inflammatory drug. ] Pharm Pharmacol.
1958;10:687-695

- Amagaya S, Sugishita E, Ogihara Y, Ogawa S, Okada K, Aizawa T. Comparative studies of the stereoisomers of glycyrrhetinic acid on anti-
inflammatory activities. ] Pharmacobiodyn. 1984 Dec;7(12):923-928

- Yokota T, Nishio H, Kubota Y, et al. The inhibitory effect of glabridin from licorice extracts on melanogenesis and inflammation. Pigment Cell
Res. 1998;11:355-361

- Amer M, Metwalli M. Topical liquiritin improves melasma. Int ] Dermatol. 2000;39:299-301
- Rivas 2013

- Roberts W. Periorbital hyperpigmentation: review of etiology, medical evaluation and aesthetic treatment. Journal of Drugs in Dermatology.
2014;13(4):472-482

- Sakamoto 2014
- Almutawa F, Buabbas H. Photoprotection. Dermatology Clinics. 2014 Jul. 32(3); 1-10.

- Behar-Cohen F, Baillet G, Ayguavives T, Garcia PO, Krutmann J, Pena-Garcia P, Reme C. Wolffsohn JS. Ultraviolet damage to the eye revisited:
eye sun protection factor (E-SPF), a new ultraviolet protection label for eyewear. Clinical Ophthalmology. 2013 Dec; 8:87-104

- Fan GB, Wu PL, Wang XM. Changes of oxygen content in facial skin before and after cigarette smoking. Skin Research and Technology.
2012;18:511-515



