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Abstract: Dihydroxyacetone binds to proteins in the stratum corneum of the skin imparting a non-toxic, bronze color to 

the skin. The resulting pigments are called melanoidins, or brown chromophores. Since the 1980’s, improved formulations 

of sunless tanners are available due to more purified sources of DHA and refinements in the DHA manufacturing process. 

The color is not removed by simple washing, swimming, or natural perspiration, but it only lasts for 5 to 7 days, as skin 

cells are continuously being shed. Exfoliation, tape stripping, prolonged water submersion, or heavy sweating can lighten 

the tan, as these all contribute to rapid dead skin cell pealing. Indeed, patients may opt to reapply the product on a regular 

basis (such as daily or every fourth day) to maintain the skin color. 

Possible improvements in dihydroxyacetone products include addition of perfluoropolyether phosphate to lower the for-

mulation’s pH, exfoliation with polyethylene beads prior to treatment, wiping skin with an acidic toner just prior to appli-

cation, addition of strong antioxidants such as caffeic acid phenethyl ester, using a polymer base, and pretreatment of the 

skin with amino acids to increase binding sites of DHA to the skin. 

 Tanned skin remains a desirable quest by a large segment 
of the population in Western countries. Several products are 
being marketed for that coveted dark skin tone without direct 
ultraviolet tanning. The list of sunless- or self-tanners in-
cludes dihydroxyacetone (DHA), color cosmetics, henna, 
juglone, bronzing gels, color washes, facial highlighters, 
bronzing powders, tinted moisturizers, and facial foundations 
[1]. As DHA is the most common active agent in sunless 
tanners, and as it is neither toxic nor absorbed through the 
skin into the body (as it does not penetrate beyond the stra-
tum corneum), this manuscript concentrates on this Food and 
Drug Administration-approved product. 

 DHA, also named dihydroxy-2 propanone, is a simple 
three carbon sugar which is derived from plant sources such 
as sugar beets and sugar cane by the fermentation of glyc-
erin. It binds to proteins in the stratum corneum of the skin 
imparting a bronze color to the skin. This skin browning 
effect is non-toxic. DHA reacts chemically with the amino 
acid groups, which are part of the protein containing keratin 
layer on the skin surface. Various amino acids react differ-
ently to DHA, producing different tones of coloration from 
yellow to brown. The resulting pigments are called mela-
noidins, or brown chromophores. These are similar in colora-
tion to melanin, the natural substance in the deeper skin lay-
ers. The mechanism of this artificial tanning is totally differ-
ent from natural tanning, which is based on the increase in 
melanin pigmentation secondary to ultraviolet exposure. On 
passing, this chemical reaction of an amino acid with a re-
ducing sugar is often referred to as a Maillard reaction. 
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 The first DHA sunless tanning lotion appeared in the 
1960s. It was made by Coppertone and called “Quick Tan” 
or “QT”, and marketed as an overnight tanning agent. The 
initial products gave the skin a somewhat unnatural apricot 
color. It was also associated with as orange palms, streaking 
and poor coloration. Because of the QT experience, many 
people today still associate sunless tanning with fake-looking 
tans. 

 Since the 1980’s, improved formulations of sunless tan-
ners are available due to more purified sources of DHA and 
refinements in the DHA manufacturing process. These newer 
products provide a more natural looking color with better 
fading. As a result of consumer concerns surrounding dam-
age associated with ultraviolet radiation, there has been in-
creased popularity of sunless tanning products. 

 Today, DHA is the main active ingredient in virtually all 
sunless tanning skincare preparations. Another product occa-
sionally used in combination with DHA is erythrulose. 
Erythrulose acts identically to DHA, but the reaction occurs 
more slowly. Sunless tanning products contain DHA in con-
centrations ranging from 1% to 10%. Most drugstore prod-
ucts range from 3% to 5%, with professional products rang-
ing usually from 5% to 15%. The percentages reflect the 
product coloration levels, that being from light to dark. 
Lighter products are easier to use effectively as less streaki-
ness and unevenness are more easily avoidable; however, 
multiple applications may be needed to reach the desired 
skin tone. Higher concentrations of DHA often produce the 
dark hue sought with one coat. The color change takes only 
one hour to begin appearing on the skin surface, and con-
tinue to darken for 24 to 72 hours, depending on formulation 
type. As alluded to above, patients can apply the product on 
ensuing days until the desired color is achieved. In areas of  
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thicker stratum corneum such as the palms and elbows, the 
staining is darker, and this has to be accounted for with one’s 
future applications. On passing, DHA stains hair and nails, 
but does not stain mucous membranes, as these latter sur-
faces are devoid of a stratum corneum. 

 The color is not removed by simple washing, swimming, 
or natural perspiration, but it only lasts for 5 to 7 days, as 
skin cells are continuously being shed. Exfoliation, tape 
stripping, prolonged water submersion, or heavy sweating 
can lighten the tan, as these all contribute to rapid dead skin 
cell pealing. Indeed, patients may opt to reapply the product 
on a regular basis (such as daily or every fourth day) to 
maintain the skin color. 

 Currently DHA is formulated into sprays, lotions, gels, 
mousses, and cosmetic wipes. Professional applied products 
also include spray tanning booths and airbrush tan applica-
tions. 

 DHA does not damage the skin, and is considered a safe 
skin coloring agent. It also has been proven to be cosmeti-
cally helpful in patients suffering from vitiligo. Contact der-
matitis is rarely reported. Most cases of sensitivity are due to 
other ingredients in the skin product preparation, such as 
preservatives, plant extracts, dyes or fragrances. 

 DHA offers limited ultraviolet B sunscreen effect, pro-
viding a SPF of 3 to 4. Additionally, melanoids also absorb 
in the ultraviolet A range as well [2, 3]. This sun protection, 
however, is operative only for the first few hours of its appli-
cation, and does not continue for the duration of the color 
change. 

POSSIBLE IMPROVEMENTS IN DHA PRODUCTS 

 DHA is best formulated at a pH of 4 to 5 which allows 
for maximum stability and shelf-life. A perfluoropolyether 
phosphate has been developed which allows for a lower pH 
for DHA without increasing skin irritation [4]. By having the 
skin pH also of this acidity, a more natural tan appearance 
can be achieved. Thus, better results can be gained by avoid-
ing alkaline soaps or detergents prior to DHA application. 
Moreover, wiping the skin surface with a hydroalcoholic, 
acidic toner just prior to applying DHA will also improve 
results [1]. 

 The addition of strong antioxidants such as caffeic acid 
phenethyl ester in DHA formulation allows for a very close 
approximation of skin tone to the color of natural suntan [5]. 
This has been studied in respect to color measurements ob-
tained with the Minolta Chromameter and changes in reflec-
tance [5]. 

 DHA would be an excellent candidate for application in a 
polymer base. Polymers facilitate transport and release of 
cosmetic and pharmaceutical molecules at desired rates and 
desired sites. Such a delivery system could better control pH, 
temperature, and ionic strength of the system. Polymers 
would allow deposition of more product to the outer skin 
layers. 

 Pretreatment of the skin with amino acids would also 
increase binding sites of DHA to the skin and enhance the 
color produced. Application of a sulfur-containing amino 
acid such as methionine sulfoxide has been advocated [6]. 
Lysine, glycine, and histidine have also been shown to react 
rapidly with DHA [7]. 

 It is helpful to remove the outer dead skin layers prior to 
application. This allows deeper penetration of DHA. Be-
cause high hydration decreases DHA effectiveness, exfolia-
tion can be achieved physically with an abrasive scrub con-
taining polyethylene beads, a textured cloth, or a hydroxyl 
acid moisturizer [6]. 
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