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Episode 5: The Ingredients, Sorted by How They Work


Every brightening product on every shelf, from a three-dollar kojic soap to a hundred-dollar prestige serum, is a combination of a small number of molecules, and each molecule pulls one or two of the levers from episode two. Once you sort them by lever, the marketing falls away and you can compare any two products in a few seconds. This episode goes through the ingredients in five groups: the enzyme blockers, the transfer blockers, the turnover agents, the antioxidants and signal blockers, and the procedures. It ends with the question that matters most for Doe, which is why the same ingredient that behaves well on a cheek can darken a fold.




The enzyme blockers

Hydroquinone is the old standard and the benchmark every other ingredient is measured against. It acts as a decoy for tyrosinase, competing with the enzyme’s normal fuel, and it is also directly toxic to active melanocytes, which is why it works faster and harder than anything else in the cosmetic range. Dermatologists use it at four percent, often for three or four months at a time with breaks in between. In the United States it was sold over the counter at up to two percent until the CARES Act of March 2020 reformed the rules for non-prescription drugs and left hydroquinone without a valid monograph. From the twenty-third of September 2020, over-the-counter hydroquinone products became unapproved new drugs, and in April 2022 the FDA sent warning letters to twelve companies still selling them, saying it had received reports of rashes, facial swelling and ochronosis. The European Union removed hydroquinone from cosmetics in 2001, and many African and Asian countries restrict it.

Hydroquinone’s problems are irritation, rebound and long-term damage. In an Egyptian underarm trial of one hundred and fifty-three women, published by Mohammed in 2022, four percent hydroquinone caused redness or irritation in eighty-two percent of users over twelve weeks. When it is stopped, pigment often returns, sometimes darker. Used for years at high strength, it can cause exogenous ochronosis, the permanent blue-black darkening described in episode four. It remains the most effective topical brightener for epidermal pigment on the face under a doctor’s supervision, and the worst candidate for daily self-directed use in a shaved fold.

Kojic acid is a by-product of the fungus used to ferment rice for sake and soy sauce, which is where the name comes from. It blocks tyrosinase by binding the copper at the enzyme’s working site. Against the human form of the enzyme it is weak, with a half-inhibition concentration of about five hundred micromoles per litre in Tobias Mann’s 2018 screen at Beiersdorf, roughly four hundred and fifty times weaker than thiamidol. In combination it adds to other treatments: in a split-face melasma trial by Lim published in 1999, forty Chinese women used a gel of glycolic acid and hydroquinone with or without two percent kojic acid for twelve weeks, and more than half the melasma cleared on sixty percent of the kojic sides against forty-seven and a half percent of the others. Kojic acid is unstable in formulas, turning brown with air and light, and it can sensitise skin, meaning that some users develop an allergy after repeated exposure. The European Union’s scientific committee on consumer safety judged it safe at up to one percent in face and hand products in a 2022 opinion. Most kojic products sold for the body are soaps, which wash off within a minute, a limitation that Doe’s third philosophy is built around.

Arbutin is a natural sugar-bound form of hydroquinone found in bearberry leaves, and alpha-arbutin is a synthetic version that blocks tyrosinase more strongly. Both release small amounts of hydroquinone in the formula and on the skin, which is why European regulators set limits. Regulation 2024/996 allows alpha-arbutin at up to two percent in face creams and half a percent in body lotions, and beta-arbutin at up to seven percent in face creams. The lower body limit is worth remembering, because it applies a principle that runs through this whole episode: the body has far more skin than the face, so a body product delivers a larger total dose, and regulators allow less of the same ingredient in it. The Ordinary’s Alpha Arbutin two percent serum, sold for the face, is widely used by buyers on their underarms and thighs.

Azelaic acid is a natural acid made by the yeast Malassezia. It blocks tyrosinase and appears to act more on overactive melanocytes than on normal ones, and it also treats acne and rosacea. In the United States it is a prescription drug at fifteen and twenty percent, sold as Finacea and Azelex, and cosmetic versions at about ten percent are sold over the counter, including The Ordinary’s suspension. A 1998 vehicle-controlled trial in darker-skinned patients found twenty percent azelaic acid cream effective for facial pigment, and a 2011 pilot by Leon Kircik in twenty patients with skin type four found the fifteen percent gel reduced both acne and its marks over sixteen weeks. Azelaic acid tingles on application and is considered safe in pregnancy, which makes it the dermatologist’s frequent choice for pregnant women with melasma.

Phenylethyl resorcinol is a synthetic molecule sold by the German supplier Symrise as SymWhite 377. In Mann’s screen its half-inhibition concentration against human tyrosinase was about one hundred and thirty-one micromoles per litre, about four times as strong as kojic acid and much weaker than thiamidol. It is unstable in light, so suppliers often wrap it in capsules, and the European safety committee has judged it safe in leave-on products at up to half a percent. There is no independent controlled trial of phenylethyl resorcinol alone on human pigment. Its cousins in the resorcinol family include four-butylresorcinol, also called rucinol, which is stronger still at about twenty-one micromoles per litre, and four-hexylresorcinol, which has a randomised trial in combination with niacinamide.

Thiamidol, chemically isobutylamido thiazolyl resorcinol, came out of a screen of fifty thousand compounds at Beiersdorf and is the most potent human tyrosinase blocker in cosmetic use, with a half-inhibition concentration of about one micromole per litre. Its effect is reversible, and it does not appear to harm melanocytes the way hydroquinone does. It has the deepest trial record of any cosmetic brightener, across more than a dozen studies on melasma, acne marks and sun spots, including the fifty-woman comparison with four percent hydroquinone described in episode three. Beiersdorf owns it, so you find it in Eucerin and Nivea products, including a Eucerin Anti-Pigment body cream that pairs it with lactic acid and is marketed for friction areas such as knees and elbows. Two of the twenty-five thiamidol users in the Brazilian melasma trial developed allergic contact dermatitis.

Licorice root extract, and its active compound glabridin, block tyrosinase and also calm inflammation. It is common in Asian formulas and in sensitive-skin brighteners, with small trials behind it. L’Oréal has added its own molecule, Melasyl, which it describes as capturing pigment precursors before they become melanin, in La Roche-Posay’s Mela B3 serum launched in 2024, with company-funded data so far.




The transfer blockers

Niacinamide, a form of vitamin B3, does not touch tyrosinase. Tomohiro Hakozaki and colleagues at Procter and Gamble showed in 2002 that it reduced the transfer of melanosomes from melanocytes to keratinocytes by thirty-five to sixty-eight percent in cell culture, and that five percent niacinamide lightened facial spots against a vehicle within four weeks on instrument measurement. In a Mexican split-face study of twenty-seven women with melasma, Navarrete-Solís and colleagues found four percent niacinamide achieved good to excellent improvement in about forty-four percent of sides against fifty-five percent for four percent hydroquinone over eight weeks, with fewer side effects. In the underarm trial described in the deodorant course, four percent niacinamide produced a good-to-excellent response in twenty-four percent of women at nine weeks against six percent on placebo. Like every transfer blocker, its effect reverses within weeks when use stops. Most of the clinical evidence sits at two to five percent; the ten and twenty percent serums popular since The Ordinary’s Niacinamide ten percent with zinc are a marketing development, and at high strengths some users get redness and flushing.

Soy contains two proteins, soybean trypsin inhibitor and the Bowman-Birk inhibitor, that block the PAR-2 receptor through which keratinocytes take up melanosomes. Johnson and Johnson built Aveeno’s Positively Radiant line on this mechanism and published a twelve-week trial showing improvement in mottled pigmentation. Fresh, unprocessed soy extract is needed for the effect, since heat destroys the proteins.




The turnover agents

The alpha hydroxy acids loosen the bonds between dead cells at the surface so that they shed faster, which carries surface pigment away sooner. Glycolic acid, from sugar cane, is the smallest molecule in the group, so it penetrates fastest and works hardest, and it irritates most. Lactic acid, from milk or fermentation, is larger, gentler and also draws water into the skin, which is why lactic lotions such as AmLactin are used for rough knees, elbows and keratosis pilaris. Mandelic acid, from bitter almonds, is the largest of the common acids, penetrates slowly and evenly and has some antibacterial action. In an Indian trial by Dayal and colleagues in 2020, mandelic acid peels matched salicylic acid peels for acne with fewer side effects and no new dark marks in the mandelic group. The FDA’s guidance for cosmetics containing alpha hydroxy acids recommends a sunburn alert on the label, because the acids increase the skin’s sensitivity to the sun for about a week after use.

Glycolic acid became a deodorant in 2022 when TikTok users began applying The Ordinary’s seven percent glycolic acid toning solution to their armpits. The acid lowers the skin’s pH, which suppresses the bacteria that make odor, and dermatologists quoted at the time agreed it could reduce smell and might help pigment while warning about irritation, especially after shaving, and noting that sweat dilutes it. The deodorant course traced how that trend split the buyers: in the Doe corpus, glycolic acid is the most discussed single product, it often helps odor, and the most liked complaint in the whole corpus is a woman saying it made her underarms darker.

Salicylic acid, the main beta hydroxy acid, dissolves in oil and works inside pores and hair follicles, which makes it useful for body acne, folliculitis on the buttocks and ingrown hairs. Its direct effect on pigment is small, so it earns its place on the body by preventing the bumps that leave marks.

The retinoids, a family of vitamin A molecules that includes prescription tretinoin and adapalene and cosmetic retinol and retinal, speed turnover, spread pigment more evenly through the epidermis and help other ingredients penetrate. The 1993 tretinoin trial in Black patients with dark marks, described in episode three, is still the reference. Half of its users developed retinoid dermatitis, and in darker skin that irritation can itself leave marks, so dermatologists start low and build up slowly. Retinoids are the first-choice topical in reviews for acanthosis nigricans, and they are avoided in pregnancy.

Urea at ten to forty percent softens and thins thickened skin and is used for acanthosis nigricans, rough heels and the dry, grey skin of knees and elbows.




The antioxidants and signal blockers

Vitamin C, as L-ascorbic acid at ten to twenty percent in a low-pH serum, interrupts the chemistry of pigment formation by reducing its intermediate molecules and mops up the free radicals that ultraviolet light creates. It is unstable and oxidises in the bottle, turning yellow and then brown. More stable derivatives, such as ascorbyl glucoside and the oil-soluble tetrahexyldecyl ascorbate, are gentler and have less evidence. GloMelanin’s ads, for example, sell an oil-soluble vitamin C body oil by arguing that ordinary vitamin C never reaches the layer where pigment is made. Vitamin C’s brightening evidence is real and modest, and its strongest case is as a partner to sunscreen.

Tranexamic acid blocks plasmin, a protein-cutting enzyme that links blood vessels, inflammation and the melanocyte. Taken by mouth it has the strongest evidence of any newer melasma treatment, as episode three described, with the clotting caution that comes with it. Applied to the skin its results are weaker and more variable, but it is gentle and pairs well with niacinamide, which is why it anchors serums such as Good Molecules’ Discoloration Correcting Serum, Topicals’ Faded serum, Naturium’s tranexamic acid serum and Medicube’s TXA Niacinamide serum, the last of which Medicube advertises for underarms, elbows, knees and inner thighs.

Cysteamine is a small sulphur-containing molecule that the body makes naturally. At five percent in a cream applied for fifteen minutes and then washed off, because it smells of sulphur, it lightens melasma against placebo in a fifty-patient trial and performed close to four percent hydroquinone in a 2025 meta-analysis, though some trials found hydroquinone stronger. In the United States it is sold under the brand name Cyspera. It is one of the few brightening treatments designed to be short-contact, and its trials show that a wash-off product can work when the ingredient is strong enough, which is a nuance to keep in mind when Doe argues that wash-off kojic soaps cannot.




The procedures

Chemical peels apply a high concentration of acid for minutes under supervision. Glycolic peels from twenty to seventy percent, salicylic peels at twenty to thirty percent, trichloroacetic acid peels and combination peels such as Jessner’s solution remove surface layers in a single session. Depigmenting masks such as Cosmelan and Dermamelan, made by the Spanish company Mesoestetic, combine several blockers in a mask left on for hours, and Mesoestetic sells an intimate version. In darker skin, superficial peels are generally safe and medium-depth peels carry a real risk of new pigment.

Lasers and light devices work by delivering energy that a target in the skin absorbs. For pigment, the target is melanin itself, which is the root of the problem in darker skin: the laser cannot tell the melanin of a dark spot from the melanin of the surrounding healthy epidermis, so in skin types four to six the whole surface absorbs more energy, heats more, and is more likely to blister and to respond with post-inflammatory pigment. Longer wavelengths, such as the one thousand and sixty-four nanometre Nd:YAG laser, pass through epidermal melanin more easily and are safer in darker skin. Intense pulsed light is generally avoided on dark skin. Laser toning for melasma, as episode three described, can leave white mottling or rebound darkening. Laser hair removal is a separate use that removes the reason to shave. In Toosi’s 2009 study of two thousand three hundred and fifty-nine alexandrite laser patients, the armpit was the most commonly treated site, complications occurred in two point two percent and temporary darkening in seven tenths of one percent, and darker skin is treated with the Nd:YAG wavelength.




Why the same ingredient behaves differently in a fold

Put together the physical facts from episode four and the ingredient facts above, and you can see why a product that is well tolerated on the face so often burns or darkens an underarm, a groin or an inner thigh.

The first difference is that the fold absorbs more of whatever is applied. Feldmann and Maibach’s measurements put the underarm at about three and a half times the forearm and genital skin far higher, and occlusion adds to that, so the same ten percent acid or two percent arbutin delivers a larger effective dose. That is the reason European rules cap alpha-arbutin at a quarter of its face level in body lotions.

The second difference is that the fold is usually already injured. A shaved underarm or bikini line has microscopic cuts and a thinned surface layer, so an acid that tingles on intact facial skin stings on shaved skin, and the sting is inflammation.

The third difference is that the fold rubs all day. Friction from the arm, the thigh or clothing works the product into the skin and adds its own inflammatory push.

The fourth difference is that the fold is less acidic and wetter than the face. Sweat dilutes products and changes their pH, and the higher surface pH of fold skin weakens the barrier against irritants and allergens.

The fifth difference is that the fold meets several other products every day. Fragrance, the leading cause of deodorant allergy, preservatives and propylene glycol all land on the same patch, and a sensitiser such as kojic acid has more chances to trigger an allergy under occlusion.

The consequence is the central fact for every body brightener: in a fold, irritation is the main cause of the colour, so a product that irritates is working against itself, and the threshold at which irritation begins is lower than on the face. The winning formula for fold skin is therefore a lower-strength, non-stinging blend used daily for months, rather than a high-strength product used intermittently.




How long each takes, and why results drift back

On the face, instruments detect niacinamide’s effect at about four weeks, hydroquinone produces visible change in four to eight weeks with its best result at about twelve, tretinoin starts at about four weeks and keeps improving for months, azelaic acid needs eight to sixteen weeks, and oral tranexamic acid shows clear change by eight to twelve weeks. In the underarm, the placebo-controlled niacinamide trial measured its result at nine weeks, and a 2024 review of forty-six pigment studies in skin of colour found the earliest significant graded improvement at about twelve weeks. On the inner thighs, the bikini line and the buttocks there are no comparable timings, and the safest assumption is the fold’s: three months for a partial change.

Results drift back for three reasons. The trigger usually persists: the razor, the friction, the sun or the insulin is still there. The melanocyte keeps its settings, so as soon as the blocker is removed it resumes at the old rate, which is what the niacinamide reversal data show. And the turnover clock that carried the pigment away carries new pigment up just as quickly. The brightening products that keep results are the ones the buyer keeps using, which turns adherence, the dull matter of whether a product is still on the skin in month six, into the most important variable in the whole category.


