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EXFOLIATION

By definition, to exfoliate is to remove the surface in scales or laminae. Therefore,

classical exfoliants are those agents that work at the skin’s surface causing the removal

of skin in layers. Exfoliation is characterized, based on its mechanism of action, into

3 categories:

1. physical/manual (loofah or microdermabrasion)

2. chemical/keratolytic agents (e.g., salicylic acid)

3. natural/exuviation (e.g., alpha-hydroxy acids)

Manual or physical exfoliation involves the use of physically abrasive devices such

as loofahs and could also include instrumental techniques such as microdermabrasion.

Manual exfoliants physically scrape and remove surface skin cells.

Salicylic acid represents the chemical/keratolytic class of exfoliants. Recent reviews

of salicylic acid propose a change to the term “desmolytics” to more accurately reflect the

action of these materials on skin (1,2); these agents dissolve the desmosomal bonds

between cells beginning at the uppermost skin layers providing exfoliative effects from the

top of the skin downward in a non-specific manner (1–5).

Natural exfoliation, also known as exuviation, is the naturally occurring process of

epidermal turnover, which occurs approximately every 28 days. Compounds that enhance

the natural process of exuviation include, the alpha-hydroxy acids (AHAs), polyhydroxy

acids (PHAs), and bionic acids. These agents are frequently considered exfoliants;

however, their effects differ from those of conventional keratolytics or desmolytics (6,7).

They target the base of the stratum corneum, the layer identified as the stratum

dysjunctum, and function by diminishing bonding strength between cells in a specific

manner leading to normalization of cell turnover and, thus, exfoliation (6,8).
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This chapter discusses the mechanisms, effects and formulating considerations of

exfoliants, including physical implements, microdermabrasion, exuviating compounds

(AHAs, PHAs, bionic acids), the keratololytic/desmolytic salicylic acid, and finally a

newly emerging, non-acid, acetyl amino sugar known as N-acetylglucosamine.

PHYSICAL EXFOLIANTS: SCRATCHING THE SURFACE

Physical exfoliants involve the use of manual implements to erode away surface skin cells.

Presumably, as rubbing is continued and additional force is exerted, skin cells will

continue to forcibly desquamate in a non-specific manner. This can continue until the

stratum corneum is removed and the “glistening” layer of the live epidermis is reached. A

similar effect can be observed following repeated tape stripping, which could be thought of

as a process of forced physical exfoliation.

Common methods of manual exfoliation include use of physically abrasive

materials such as pumice, loofahs, and buff puffs. The repetitive action of shaving with a

razor also serves to physically remove or exfoliate the stratum corneum (9). Newer

methods of physical exfoliation, such as microdermabrasion, involve the use of

sophisticated equipment which “sandblasts” the skin surface with particles.

Bathing Devices

Buff puffs, loofahs, mesh poofs, and, to a certain extent, washcloths are used by many

people on a daily basis to provide varying degrees of exfoliation to the face and body. The

amount of exfoliation is dependent on the force of application, the number of passes over

the skin, and abrasiveness of the material being used. There is little information in the

published literature discussing the effects of washing devices on skin physiology and

function. A study by Grove showed that use of abrasive fiber sponges stimulates epidermal

cell turnover and reduces the size of corneocytes, indicating an exfoliation effect on

skin (10).

Another study by Bergfeld et al. directly compared the relative effectiveness of

manual exfoliation with a loofah (controlled application twice daily) in comparison to

topical application of the AHA, glycolic acid (10% lotion twice daily to one hand plus

weekly, 3-minute 50% peels), in improving the quality of photoaged skin on the back of

hands. Results on 21 women (mean age 44 years) indicated that glycolic acid treatment

was superior to mechanical exfoliation in improving the quality of photodamaged skin.

There was a greater than four-fold improvement in overall photodamage severity

compared to the loofah treatment, and significant improvements (p!0.05) in texture and

wrinkling were also observed for the glycolic acid treatment. There were no significant

changes to these characteristics on the loofah treated sites; however, loofah use resulted in

significantly less irritation (11).

Shaving

Shaving with a razor blade removes hair as well as stratum corneum. As a result, there are

many potential detrimental effects to skin including increased risk of irritation from other

topically applied products, such as antiperspirants (9). Moreover, while shaving seems at

first to make the skin smoother, this process actually generates uplifting scales

and increased dryness, as well as diminished barrier function in the stratum corneum
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and a pro-inflammatory environment in the epidermis (12). The amount of surface trauma

and corresponding potential for irritation is increased with use of new razors, a non-optimal

shaving angle, and insufficient use of lubricating products (9). Optimal shaving and

minimal skin irritation can be achieved by following a few key steps including: (i) having

clean skin, (ii) allowing warm water to soften hair, (iii) liberal use of shaving cream applied

for two to three minutes to soften hair, and (iv) use of a wet, warm, sharp razor (13).

Microdermabrasion

The closed, self-contained procedure known as microdermabrasion was first developed in

the mid-1980s by researchers in Italy to eliminate the risk of airborne blood generated

during conventional dermabrasion treatments (14). Microdermabrasion was approved for

use in the United States by the Food and Drug Administration (FDA) in 1997 and has

become one of the most popular procedures used for aesthetic skin care (15).

This novel exfoliation technique utilizes a stream of aluminium oxide, sodium

bicarbonate, or sodium chloride crystals that functions by “sandblasting” skin under mild

suction, which serves to collect the aerosolized crystals and skin particulates for

disposal (15,16). Depending on the power of the machine, the number of passes of the

hand piece over the skin and/or the speed of the hand piece over the skin, micro-

dermabrasion can cause superficial exfoliation of the uppermost layers of the epidermis or

reach the dermis, as indicated by signs of bleeding (14). One study reported complete

ablation of the stratum corneum after two passes with microdermabrasion and a resulting

increase in vitamin C penetration by a factor of 20 compared to non-abraded skin,

demonstrating the potential for significant exfoliation effects from microdermabrasion (17).

Microdermabrasion has been used to treat a variety of skin conditions including

photoaged skin, acne, hyperpigmentation, striae distensa, actinic keratosis, and keratosis

pilaris. Adverse events are infrequent and include pigmentation irregularities, which occur

mainly in darker skin (Fitzpatrick skin types V and VI) and prolonged erythema lasting

beyond 24 hours (15). Many microdermabrasion protocols suggest a series of superficial

procedures on a monthly or half-monthly basis in order to achieve skin benefits while

minimizing the likelihood for adverse events (15). Several publications support the safe

and effective use of microdermabrasion, with both dermal and epidermal benefits, and

corresponding patient satisfaction (18–21).

Due to the perceived benefits of microdermabrasion by patients and its success in

dermatologist offices and spas/salons, a home care market is emerging. Accordingly,

several cosmetic companies have tested and introduced home “microdermabrasion” kits;

many of these kits incorporate use of scrubs or exfoliating moisturizers made by

suspending physical particles, such as polyethylene beads or apricot kernels, in a cream

emulsion or gel, rather than providing actual exfoliating devices (22,23).

CHEMICAL EXFOLIATION

Chemical exfoliants are substances that cause superficial skin cells to desquamate at an

increased rate as a result of their ability to disrupt intercellular bonding within the stratum

corneum. This effect on skin occurs through several different mechanisms as

described below.
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Exuviating Compounds: Alpha-Hydroxy Acids—Polyhydroxy Acids,
and Bionic Acids

The alpha-hydroxy acid (AHAs), polyhydroxy acids (PHAs) and bionic acids are

exvuviating compounds that enhance desquamation and cell turnover. Because of the

differences in their molecular structures, these compounds provide some additional

benefits to skin as described below.

Alpha-Hydroxy Acids—Anti-aging Plus Exfoliation

AHAs, such as glycolic acid, lactic acid, and mandelic acid (Fig. 1), have many beneficial

effects on skin including enhanced exfoliation as well as reversal of photoaging (24–27).

Upon topical application, AHAs have been shown to have a profound effect on

desquamation and exuviation, the natural process of epidermal cell turnover (Fig. 2).

When applied to severely hyperkeratotic skin, such as ichthyosis, AHAs at cosmetic

strengths [defined by the Cosmetic Ingredient Review panel as a concentration of 10% or

less with a minimum pH of 3.5 (28)] cause separation of abnormally thick stratum corneum

at the base of the stratum corneum, the layer known as the stratum compactum (6,29).

In severely hyperkeratotic skin, the thickened stratum corneum lifts off as a sheet (6). This

observation distinguishes the effects of AHAs from traditional, non-specific exfoliating

agents, such as salicylic acid, which diminish corneocyte cohesion thoughout the entire

thickness of the stratum corneum (2).
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Figure 1 Alpha-hydroxy acids.

Figure 2 Lamellar ichthyosis before and after four weeks, with twice-daily topical application of

an occlusive 10% AHA cream formulation containing glycolic acid, gluconolactone, tartaric acid,

citric acid, and mandelic acid at pH 3.1.
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AHAs have been shown to normalize the process of exuviation. As a result,

continued use of AHAs results in a normalized rate of desquamation, and skin shedding

becomes clinically lessened or non-apparent to the product user after two to three weeks

(8). Effects of cosmetic strength AHA formulations on skin barrier function have been

studied; Berardesca reported that twice-daily application of AHAs (8% lactic acid or 8%

glycolic acid) over a period of four weeks resulted in maintenance of normal stratum

corneum barrier function as measured by trans epidermal water loss (TEWL) and,

therefore, excessive exfoliation of the stratum corneum was not apparent (30).

The mechanism of action of AHAs in promoting desquamation is postulated to

be due to activation of the naturally-occurring enzyme steroid sulfatase to facilitate

conversion of cholesterol-3-sulfate to cholesterol at the level of the stratum compactum.

Exfoliation of normal, healthy skin requires the biochemical conversion of cholesterol-3-

sulfate to free cholesterol in skin (31). When present at elevated levels, the more ionic

molecule, cholesterol-3-sulfate, increases desmosomal bonding strength between

corneocytes, thus prolonging the desquamation process. X-linked ichthyosis is known

to be deficient in this critical enzyme (32).

AHAs also have stimulatory effects on dermal components. This, in conjunction

with normalization of epidermal thickness and morphology, produces the anti-aging

benefits of AHAs (26,33,34). Skin effects of AHAs include:

† reduced corneocyte cohesion at the stratum compactum (base of the stratum

corneum) corresponding to fewer desmosomal attachments between cells

† reduced epidermal thickness especially in the case of abnormally thickened

epidermis, e.g., lamellar ichthyosis

† more even distribution of melanin

† increased epidermal thickness of atrophic, photoaged skin

† increased synthesis of glycosaminoglycans (GAGs) and collagen fibers

† normalization of elastic tissue distribution and alignment

† increased dermal dendrocyte activity (8,33–37)

These effects together with their effects on exfoliation and cell turnover enable the

AHAs to contribute significantly to the dermatologist’s armamentarium in treating

hyperkeratotic and photodamaged skin.

Polyhydroxy Acids and Bionic Acids—Gentler AHAs

with Exfoliation Effects

PHAs are organic carboxylic acids that possess two or more hydroxyl groups on an aliphatic

or alicyclic molecular structure. When one of the hydroxyl groups occurs in the alpha

position, the PHA is a polyhydroxy AHA. In addition to the anti-aging and cell turnover

benefits afforded by the alpha-hydroxy structure, the multiple hydroxyl groups of the PHAs,

such as gluconolactone (gluconic acid), (Fig. 3) (29,38) and glucoheptonolactone, and

polyhydroxy bionic acids, such as lactobionic and maltobionic acid (Fig. 4), impart

humectant properties to these molecules. Studies indicate that PHA compounds can attract

and bind water (38), which, on a practical level, provides moisturization to skin.

Aside from their moisturizing effects, PHAs have also been shown to strengthen the

skin’s natural barrier against a chemical irritant (30), and provide non-irritating and non-

stinging anti-aging skin benefits to clinically sensitive skin including rosacea and atopic

dermatitis (39–41). Previous studies of gluconolactone and lactobionic acid have

documented their ability to provide measurable anti-aging effects including skin

smoothing, reduced appearance of fine lines and wrinkles, and improved clarity, without
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causing irritation (42–44). These agents have also been shown to increase skin exfoliation

and enhance cell turnover as demonstrated in dansyl chloride cell turnover studies (45).

AHA, PHA, and Bionic Acid Use in Dermatology

AHAs are used extensively as adjunctive agents in the treatment of hyperkeratotic

disorders including psoriasis, callouses, acne, keratosis pilaris, and keratoses (6,8,27).

They are considered among the best therapeutic options for the treatment of most forms

of ichthyosis (24,25). These compounds are also used ubiquitously for the treatment of

aging-related skin changes. AHAs are marketed in a variety of forms that are readily

available to physicians including superficial peel reagents, cleansers, creams, lotions,

and gels.
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Figure 3 Gluconolactone hydrolyzes to gluconic acid in the presence of water in water-based

formulations and skin. Gluconic acid is an alpha-hydroxy acid with additional hydroxyl groups

(b, g, d, 3), thereby being a polyhydroxy acid (PHA).
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Figure 4 Lactobionic acid, a polyhydroxy bionic acid, is chemically defined as a bionic acid because

it is comprised of two units: one gluconic acid molecule (right) and one galactose molecule (left).
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The PHAs and bionic acids are gaining use in dermatology due to their significant

skin normalizing effects and anti-aging benefits in conjunction with their non-irritating

characteristics. These non-irritating agents are especially useful on the sensitive skin of

rosacea, atopic dermatitis, and post-procedure (microdermabrasion, peels, non-ablative

laser, etc.) when the skin barrier has been disrupted and irritation or stinging is likely to

occur due to the increased potential for rapid absorption of skin care ingredients (38,44).

Formulating Factors for the Hydroxyacids

There are several factors to consider in the formulation process to optimally and safely

deliver hydroxy acids to skin. The AHAs, PHAs, and bionic acids are mild, organic acids

that are optimally absorbed into skin when present in the free acid, non-ionized form (46).

As a result, formulation pH is extremely important. At a defined pH, the concentration of

the acid and its pKa determine the amount of free acid and, thus, bioavailability, provided

by a formulation (Table 1). As the pH of a formulation is reduced below the pKa of the

acid, there is a significant increase in the amount of free acid that is available for

penetration. As a result, the potential to cause sensory irritation and erythema increases

and must be considered in the formulation process. Formulation technologies exist to

facilitate the gradual penetration of free acid into skin, thereby diminishing irritation

potential and stinging without reducing skin benefits (46). One such technology utilizes

amphoteric amino acids during formulation pH adjustment to temporarily complex free

AHA molecules and allow a more gentle delivery of the AHA with reduced irritation

and stinging.

Another important factor in the hydroxy acid formulation process involves selection

of the specific AHA ingredient. The relatively broad selection of ingredient options

provides the formulator with the ability to customize AHA solubility parameters and

modify potential skin benefits. For example, the more common AHAs, including glycolic

acid and lactic acid, are readily soluble in water. In comparison, those with lipophilic side

chains have increased oil solubility and the resultant increased potential to absorb into oily

skin and pores. Examples include mandelic acid (phenyl glycolic acid) and benzilic acid

(diphenyl glycolic acid) (Fig. 1).

Salicylic Acid—A Topical Desmolytic

Salicylic acid (orthohydroxybenzoic acid) (Fig. 5) is an aromatic hydroxyacid with the

hydroxyl and carboxyl groups attached directly to a benzene ring (47,48). It is frequently

referred to as a beta-hydroxy acid, but a more accurate description is a phenolic aromatic

acid because the carboxyl and hydroxyl groups are present on the benzene ring; in this

position, the hydroxyl group is acidic (2,47,48). This is to be compared to the hydroxyl

group of conventional alpha- or beta- hydroxy acids, which have their attachment on an

OH

COOH

Figure 5 Salicylic acid, orthohydroxybenzoic acid.
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aliphatic or alicyclic structure, rendering the hydroxyl group chemically neutral (48). This

chemical difference appears to differentiate the activity of salicylic acid from AHAs on the

skin (8).

Salicylic acid has been used as a keratolytic since the 1800s, when it was first

derived from the bark of the willow tree (49,50). Its effects on skin have been studied and

determined to be primarily limited to enhanced shedding of the stratum corneum, with no

increase in mitotic activity of the epidermis (3–5). Salicylic acid reportedly functions by

decreasing corneocyte cohesiveness over the entire thickness of the stratum corneum via

disruption of desmosomal attachments and denaturing glycoproteins, thus the term

“desmolytic” (1,3–5).

The effects of salicylic acid are reported to be more extensive and clinically relevant

on skin exhibiting conditions of increased corneocyte cohesiveness (3–5). As a result,

dermatologists have used salicylic acid to treat various conditions of hyperkeratosis,

including corns, warts, seborrheic dermatitis, psoriasis, and dandruff (2,51). Topical

salicylic acid is also a mainstay in home care for acne; this is due to the comedolytic effect

of salicylic acid (Fig. 6) (7,52). Aside from OTC formulations, there are products designed

for use in dermatologists’ offices including topical peels with concentrations of salicylic

acid up to 30%. These products are primarily targeted for the adjunctive treatment of acne,

and are also used in photoaging (53–55). Salicylic acid is frequently also used adjunctively

in the treatment of psoriasis as a result of its keratolytic effects and its ability to enhance

penetration of topical medications (56,57).

The anti-aging benefits of salicylic acid may be limited to the epidermis. Whereas

alpha-hydroxy acids have been shown to stimulate biosynthesis of dermal components and

increase dermal skin thickness upon topical application, salicylic acid has been shown to

decrease dermal skin thicknness (8). Nonetheless, salicylic acid has been used extensively

in anti-aging formulations (7), presumably due to its exfoliation effects.

Figure 6 Mild acne: baseline and after six weeks. Twice-daily application of a topical solution

containing 2% salicylic acid in combination with 4% alpha-hydroxy acids (benzilic acid, citric acid,

tartaric acid, and O-acetylmandelic acid).

Topical Exfoliation 245



Formulating Factors for Salicylic Acid

Salicylic acid is a somewhat stronger acid with a lower pKa compared to most AHAs due

to the electron-withdrawing properties of the benzene ring. As a result, a lower pH should

be considered to optimally formulate bioavailable products (Table 1). However, as pH is

reduced, and penetration is increased, there is an increased likelihood to cause irritation.

The concentration of use of salicylic acid in over-the-counter (OTC) treatments of acne,

dandruff, seborrheic dermatitis, psoriasis, and wart formulations is governed by the FDA

OTC monographs. These regulatory documents dictate product form, concentration, uses,

directions, and warnings. Since these formulations are regulated as OTC drugs, chemical

stability of salicylic acid must be proven over the shelf-life of the formulation. Cosmetic

formulations that make cosmetic claims, on the other hand, are free to use varying

strengths of salicylic acid; however, the upper concentration may be limited by

irritation potential.

N-Acetylglucosamine—A Non-Acid Chemical
Exfoliant for Aging Skin

N-acetylglucosamine (NAG) (Fig. 7) is a water-soluble, neutral compound that can easily

be incorporated into skin care formulations. It is found naturally occurring as a repeating

unit of the abundantly available material known as chitin (e.g., shrimp shells). In human

skin, it is a natural component of GAGs, glycolipids, and membrane glycoproteins. Along

with glucuronic acid (a polyhydroxy acid), NAG is a one of the repeating, alternating units

in hyaluronic acid, the prominent GAG of skin (29).

NAG represents a new class of anti-aging and exfoliation compounds. Its reported

beneficial effects on exfoliation occur as a result of its interaction with CD44 receptors on

corneocytes, which prevents cross-linking between cells (58,59). Topical application of

NAG has been shown to induce desquamation and epidermal cell turnover, as well as

increase epidermal differentiation. In a pilot (nZ9) dansyl chloride exfoliation study of

NAG (8% cream, native pH 4.9) in comparison to glycolic acid (8%, pH 3.7) and an

untreated control, NAG significantly reduced mean fluorescence scores significantly

compared to the untreated control (82% and 62%, respectively), but not as effectively as

the tested glycolic acid formulation (92%), p!0.05 (60).

NAG also provides moisturizing and anti-aging benefits to skin. As a component

molecule in hyaluronic acid and a potential precursor to its synthesis, NAG has been

shown to stimulate synthesis of hyaluronan in fibroblasts and keratinocytes (61–62).
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Figure 7 N-acetylglucosamine.
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Oral supplementation of NAG (1 g orally per day vs. placebo for 60 days) reportedly

reduced skin dryness and roughness, and increased moisturization (63).

Topical evaluation of 8% NAG was shown to provide significant, clinically-assessed

improvements on mild to moderate photodamage with substantial improvements in skin

firmness and skin thickness. The latter effect is thought to be due to an increase in the

production of GAGs, which increases skin volume through water binding and plumping

(64). In addition to its desirable cosmetic effects, NAG was shown to be well tolerated on

skin (64), and therefore represents a desirable new class of compounds in the growing

exfoliation and anti-aging ingredient technology market.

CONCLUSION

Dermatologists and patients are inundated with products and devices to assist the skin in

its natural exfoliation process. The purest form of exfoliation is achieved through use of

physically abrasive implements on skin. These devices, such as loofahs, buff puffs, and

mesh poofs, can provide light exfoliation on a daily basis to slough away excess layers of

stratum corneum, helping to keep the skin smooth and luminous. Additional clinical

benefits to skin are few, if any, and have not been well documented. Microdermabrasion

elevates the physical exfoliation process to the next level. Depending on how it is used,

this procedure can simply provide mild exfoliation or, when used as part of a

comprehensive skin care regimen, it can help the clinician to achieve meaningful

cosmetic outcomes.

Chemical exfoliants have more to offer the dermatologist and patient in terms of

flexibility and patient outcomes. When properly formulated for optimal bioavailability and

safety, these agents penetrate the skin and disrupt binding between stratum corneum cells

to facilitate exfoliation. This effect is beneficial in the treatment of various hyperkeratotic

disorders including acne and dry skin. Some chemical exfoliants also provide significant

anti-aging effects leading to smoother skin with the reduced appearance of fine lines and

wrinkles and an increase in skin firmness. Careful selection of a chemical exfoliant

facilitates customization of the formulation to skin condition including oily, dry, and

sensitive skin. Furthermore, the chemical exfoliants can be readily formulated into

products that can be used at home or in physicians’ offices and spas/salons. The use of

exfoliating procedures, including topical peels and microdermabrasion, is frequently

combined with home application of skin benefit ingredients to achieve significant

therapeutic outcomes.
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Over-the-Counter Acne Medications
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INTRODUCTION

Acne vulgaris is an extremely common condition affecting more than 80–90% of

adolescents and young adults (1,2). It typically starts in late childhood or early teens, but

onset may be delayed in some people well into their 20s and 30s (3). The incidence rate of

acne is roughly the same in males and females but, males tend to have more serious

conditions (4). Even later in adulthood, roughly 25% of adult men and 50% of adult

women can have acne at some time in their adult lives.

Acne can be difficult to cope with no matter what age, and can cause depression

and social anxiety in an adult the same way it can in a teen. Kellett and Gawkrodger (5)

found that acne patients reported levels of social, psychological, and emotional problems

as great as those reported by patients with chronic disabling asthma, epilepsy, diabetes,

back pain, or arthritis. This study also reported that the impact on quality of life did not

correlate with acne severity. To a teenager, acne can be one of the worse things that ever

happened. Acne frequently makes teens feel embarrassed and lowers their self-esteem. A

recent survey of British teenagers found that the emotional toll could be significant (6).

This survey found:

† About two out of five teenagers with acne claimed to have skipped school

because of embarrassment.

† Between 11- to 18-year-olds, over half said acne prevented them from having a

boyfriend or a girlfriend.

† One-third indicated acne hurt their ability to make friends.

Proper care and intervention help improve the life quality by alleviating the negative

emotional impacts and building up self-esteem. Treatment can also prevent acne from

getting worse and deter scarring.
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When it comes to treatment, one study conducted in 2000 indicated that 75% of

patients waited about one year before seeking professional help for acne (7). Another

survey estimates that only a third of acne sufferers consult their physicians at all. Thus, the

majority of acne sufferers apparently opt for the over-the-counter (OTC) acne products to

treat their acne. This is most likely due to the fact that most acne cases are mild to

moderate in severity for which OTC acne products—readily available and not requiring a

prescription and an appointment to the doctor’s office—are perfectly suited. And many of

today’s new OTC acne products are not only clinically effective and safe but

also aesthetically elegant and pleasant to use. Non-prescription products tried most

frequently were medicated cleansers, washes, pads, gels, and lotions (8). A 2001 report

estimates that consumers of all ages spend approximately $100 million per year on OTC

remedies for acne (9). The actual market figure today is probably much higher than that

as evidenced by the sheer number of OTC acne products that have since come on the

market in the recent years. Given the large variety of acne OTC products, this chapter

attempts to provide a comprehensive overview while focusing on the recent OTC

advances of the two most-widely used acne OTC medications, salicylic acid (SA) and

benzoyl peroxide (BPO).

CLINICAL CONSIDERATIONS

Acne affects mainly the face, although other regions rich in sebaceous glands can also be

affected (chest, back, upper arms). The lesions can be distinguished into non-inflammatory

(open and closed comedones or blackheads and whiteheads) and inflammatory lesions

(papules, pustules and nodules).

Four main factors are known to influence the development of acne, namely: (i)

sebaceous gland hyperplasia with excess sebum production (seborrhea); (ii) follicular

epidermal hyperproliferation and altered differentiation; (iii) follicular colonization by

Propionibacterium acnes (P. acnes); and (iv) inflammation and immune response. Altered

epidermal growth and differentiation, combined with seborrhea, is responsible for the

formation of the primary lesion in acne: The microcomedo. The development of

inflammatory lesions, instead, is often triggered by the effects of P. acnes with release of

inflammatory mediators.

The first entity in the development of an acne lesion is a tiny invisible plug

(microcomedone) of the pilosebaceous duct; skin that is at one time apparently unaffected

may subsequently develop lesions if not treated. Generally speaking, it may take up to four

weeks for an untreated papule or pustule to complete its life cycle from start to end.

Therefore, an acne therapy that significantly reduces lesion counts during the first four

weeks is recognized as having treated existing lesions, while therapies effective in

reducing acne lesions count during the following four weeks are considered also effective

in preventing the appearance of new lesions.

Because of the multiple pathogenetic factors, dermatologists recommend treating

acne with combinations of agents that act at different levels. It is widely recognized that an

effective acne treatment should not only clear current acne lesions but also prevent the

appearance of new ones.
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HIGHLIGHTS OF OVER-THE-COUNTER
ACNE MONOGRAPH

The Food and Drug Administration (FDA) is the regulatory agency that oversees the

marketing of non-prescription acne products. In the Final Acne Monograph, an “acne drug

product” is defined as: “A drug product used to reduce the number of acne blemishes, acne

pimples, blackheads and whiteheads” (10).

The following ingredients and concentrations are currently allowed in OTC acne

products.

† Salicylic acid 0.5–2%

† Sulfur 3–10% alone, or 3–8% in combination with resorcinol

† Resorcinol 2% or resorcinol monoacetate 3% in combination with sulfur 3–8%

† Benzoyl peroxide 2.5–10%

Salicylic acid, sulfur alone, or sulfur in combination with resorcinol are included in

the Final Monograph for meeting the monograph conditions of being “generally

recognized as safe and effective and not misbranded (Category I)” for the treatment of

acne. Although the final rule on benzoyl peroxide is still pending, FDA has allowed its

continued use in OTC acne products (11).

In the Final Acne Monograph, it also lays down the requirements for the labeling

of OTC acne products. The labeling requirements include a statement of identity that

contains the established name of the drug and identifies the product as an acne

medication or treatment and the dosage form, a statement for the indications that the

drug product is intended to treat; additional statements of treatment benefits; appropriate

warnings; and directions of product usage. In the absence of a final ruling on the use of

benzoyl peroxide in OTC acne products, manufacturers are referred to the proposed rules

(12,13).

FORMULATION OF OVER-THE-COUNTER
ACNE PRODUCTS

Manufacturing of OTC acne products is both a science and an art. An OTC acne product

must abide by the rules and regulations set in the Acne Monograph in the choice of an

allowed active ingredient or combination of active ingredients and the allowable

concentration ranges.

Amongst the approved OTC acne ingredients, BPO and SA are the most widely

used. Both are topical comedolytics that help dry excess sebum and make the excreted

sebum less sticky. This prevents occlusion of the pores and consequent formation of

comedones. Topical comedolytics also cause sloughing of the stratum corneum and

help remove existing sebum plugs along with loose keratinocytes. They also help

normalize keratin turnover in the follicle (14). Interestingly, in the Final Acne

Monograph, the agency notes that only BPO has known comedolytic activity and

considers the other monograph ingredients as exfoliating agents that can evoke

superficial peeling, thereby “aiding in unroofing superficial pustular lesions and causing

spontaneous drainage” (15).
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Benzoyl peroxide and SA come in a variety of products and in several different

delivery systems, such as creams, washes, gels, and cleansing pads (16). Skin reactions to

topical treatments may vary depending on the skin types. Thus, formulating the right OTC

product that can work best for the majority of acne population is a formidable task. The

main concern should be minimization of irritation on all skin types. The formulator should

also take into account the time an individual has to care for the skin, the lifestyles of

consumers, and the cost of individual products.

Another important consideration for formulation is the effects of the vehicle on

the skin. Gels and solutions such as astringents can have higher alcohol contents and

may increase the drying effect, while creams and lotions delivered in an emollient

base tend to be moisturizing to the skin. “A proper vehicle is one that will deliver the

drug to the site of action at a rate that will allow maximum benefit without causing or

allowing toxic effects” (17). Given that all OTC acne drugs are keratolytics and can

be somewhat drying and irritating, the ability of a vehicle that can mitigate the

irritancy potential and allow delivery of the maximum drug benefits is all the

more important.

What this also translates into is that in order to provide sustainable treatment

benefits, OTC acne treatment should be developed in such a way that the consumers can

and will like to use on a consistent, long-term basis. In other words, OTC acne products

should be effective in delivering the clinical improvements as indicated, cause little or no

irritation, be aesthetically pleasant, and be easy to use.

TRENDS IN OVER-THE-COUNTER ACNE FORMULATIONS

In the last decade, no new OTC ingredient has been approved for the treatment of acne.

However, much research effort has led to the development of better vehicles and delivery

forms designed to reduce skin irritation and improve efficacy. The common product forms

are gel, lotion, cream, and cleanser.

In addition, other delivery methods have appeared, which include masks, scrubs,

pads and even makeup foundation and concealing sticks. Body acne has also been

gaining notices: Body washes and leave-on sprays have been developed to address

delivery to hard-to-reach areas such as the back. The varieties in forms and delivery

systems make it possible to design OTC treatment programs that are tailored to an

individual’s needs.

At the same time, there is an increasing desire to provide patients with a

comprehensive product system or regimen that is easy to follow on a daily basis. This

approach has two potential advantages: Encouraging usage compliance by consumers,

and ensuring a product system that has been tested and proven to be compatible and

may even be synergistic to deliver optimal efficacy and safety profiles. Multi-step

systems that consist of combinations of products from cleanser to lotion or cream have

been designed to provide a full range of products to use in daily routines. Typically one

or two of the products in the system contain an OTC active ingredient. Cleansers,

toners, masks, cosmoceuticals, emollients and sunscreens can be incorporated as

adjunctives in the system. Some products even go beyond acne to try to address both

acne and aging, targeting those adults who are concerned about both conditions on

their skin.
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ADVANCES IN OVER-THE-COUNTER ACNE FORMULATIONS

Salicylic Acid

SA is a keratolytic agent. It is used to treat a variety of hyperkeratotic skin disorders such

as psoriasis, ichthyoses, seborrheic dermatitis, palmoplantar keratosis, keratosis pilaris,

and pityriasis rubra pilaris (18). In acne, SA may reduce comedones (comedolytic) and

prevent the formation of new ones by breaking down the comedonal follicular plug and by

reducing follicular desquamation. It is an effective alternative for patients who do not

tolerate topical retinoids. SA is approved for use in pediatric acne.

Concentrations of SA ranging from 0.5–10% from various manufacturers have been

recommended for acne, but 2% is the maximum strength allowed in non-prescription acne

products in the U.S. It is commonly found in acne cleansers.

The effectiveness of 0.5–2% SA as an acne treatment was originally demonstrated in

two studies submitted to the FDA during the OTC approval phase (50 FR 2174, 1/15/85).

The first study was a 12-week, double-blind investigation on 180 subjects comparing the

efficacy of 2% SA solution versus vehicle solution and active control (5% benzoyl

peroxide) in the treatment of acne. Forty percent of the subjects treated with 2% SA

showed a good or excellent decrease in total lesions compared to 5% of the subjects in the

vehicle group and 2% of the subjects in the benzoyl peroxide group. The study reported

that SA was significantly more effective than vehicle and benzoyl peroxide in the

reduction of total lesions, inflammatory lesions, and open comedones (but not closed

comedones) (19). The second study was conducted on 187 subjects. Two SA formulations

at 0.5% and 2% were tested against the vehicle. The results showed that both 0.5% SA and

2% SA were superior to the vehicle in reducing inflammatory lesions, open and closed

comedones, and total lesions (20).

The efficacy of the cleanser form was investigated by Shalita in a cross-over study.

He compared a 2% SA cleanser and a 10% benzoyl peroxide wash in 30 acne subjects.

Subjects were randomly treated for two weeks with either SA or benzoyl peroxide. At

the end of the first two weeks they switched treatment. The study concluded that only SA

cleanser induced a significant reduction in comedones (21). More recently, a study by

Pagnoni et al. (22) showed a significant reduction from baseline in open comedones

count after four weeks of treatment using a 2% SA scrub or a 0.5% SA toner with 1%

glycolic acid. The scrub induced a significant improvement as early as two weeks

after treatment.

SA pads were investigated by Eady et al. (23). They compared 2% SA lotion versus

placebo impregnated into pads. They found that the SA pads were significantly better than

the control in reducing the total lesion count, starting at the fourth week of treatment. The

superiority in improving comedones was also noted. Zander and Weisman reviewed three

placebo-controlled studies and reported that SA pads were effective in reducing the

number of primary lesions and thereby the number and severity of all lesions associated

with acne (24). They also reported that SA was superior to benzoyl peroxide in reducing

the total number of acne lesions.

Based on these previous studies, SA is generally considered less effective than

benzoyl peroxide in the treatment of inflammatory acne but more effective in the treatment

of comedonal acne.

Recently a new paradigm on SA has been ushered in when an acne treatment gel

containing 2% SA was shown to be as effective as a 10% benzoyl peroxide lotion in all

acne-related parameters. Because of the drying and irritating potentials of acne active
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ingredients, some of today’s acne treatment products are formulated with cosmetic

ingredients or cosmoceuticals that can help soothe the skin and reduce irritation. This

approach has proven very effective in optimizing efficacy for OTC acne products

containing SA.

A SA gel formulated with a proprietary soothing blend of naturals was compared to a

10% benzoyl peroxide treatment lotion, to the vehicle and also to no treatment control in

double-blind and randomized clinical studies (25,26). The 2% SA treatment gel was found

to be at parity to 10% benzoyl peroxide in target lesion resolution and on par or even

superior in reducing closed comedones and inflammatory lesions (Table 1).

The effects on the target lesion resolution was evaluated by assessing lesion

erythema, size and elevation and surrounding erythema. Significantly faster resolution was

observed with the active treated group versus the vehicle group and the untreated group in

blinded and randomized clinical evaluation (Fig. 1).

When it comes to irritancy, the 2% SA gel was superior to the 10% benzoyl

peroxide lotion in mildness. Skin soothing benefits were evidenced in the reduction of

pimple associated discomfort and the lessening of global erythema. These effects

were observed in the majority (70–90%) of the study subjects. Similar gentle

yet effective treatment benefits were also noted with another SA treatment in a lotion

base (27).

Yamamoto et al. (28) have reported diminished water barrier function in acne

patients. The strong vehicle effects often observed in acne clinical studies might be due to

the vehicles being less drying. Thus, having a delivery vehicle that helps improve skin

moisturization can have a positive impact in the treatment.

Recently, Chantalat et al. (29) reported the use of a microgel complex to optimize

SA’s anti-acne efficacy through solubilizing sebum and enhancing the delivery of SA.

This microgel complex is a multiple-phase system consisting of micro-droplets in an

aqueous phase. High-performance liquid chromatography (HPLC) analysis of

Table 1 Anti-acne Efficacy Comparison of a 2% Salicylic Acid Treatment Gel Containing Skin

Soothing Naturals with a 10% Benzoyl Peroxide Lotion

Mean change from baseline (%)

2% Salicylic acid gel

(NZ44)

10% Benzoyl peroxide

lotion (NZ46)

Acne lesion type Week 2 Week 4 Week 2 Week 4

Open comedones K31 K43 K34 K56

Closed comedones K30a K26a K13 K6

Inflammatory (papuleCpustules) K26a K23 K15 K6

Total lesions K28a K27 K17 K15

Shading indicates a significant change from baseline (p !0.05).
a Significantly higher improvement compared to the other treatment (p !0.05).
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Surrounding Erythema of Acne Lesions
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Figure 1 Blinded clinical expert grading of (A) surrounding erythema and (B) lesion size

comparing a salicylic acid gel with a synergistic blend of skin soothing naturals (active) and its

vehicle control (placebo). Note: open symbols denote mean values that are significantly different

from baseline (p !0.025). Asterisks next to the data points denote between treatments difference in

favor of the labeled treatment (p !0.01).
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microgel complex formulations with SA shows that the distribution of SA is

significantly higher in the hydrophobic phase than the aqueous phase. In vitro

investigations with model sebum compositions showed that certain components of

the microgel complex solubilize sebum. Using fluorescence spectroscopy, ultraviolet

(UV) light imaging, and confocal microscopy, they demonstrated in vivo that the depth

of SA penetration in the skin was increased, as was the extent of deposition.

Furthermore, skin conductance and transepidermal water loss (TEWL) measurements

showed that formulations with the microgel complex delivered greater moisturization

benefits versus placebo. This microgel formulation containing SA was shown to be

highly effective not only at treating existing acne lesions but also at ameliorating

emerging acne pimples—the sub-surface acne lesions that are not yet visible on the skin

surface (30).

Benzoyl Peroxide

Benzoyl peroxide has been one of the most important topical acne agents for a long time.

It has a combination of antibacterial, anti-inflammatory and comedolytic properties.

Benzoyl peroxide can penetrate through the follicular duct deeply into the infundibulum

where it then releases oxygen to inactivate anaerobic bacteria that cannot live in its

presence, P. acnes being one of those bacteria. A study by Bojar et al. (31) reported an

almost 2-log10 decrease in the density of P acnes after two days of 5% benzoyl peroxide

treatment. Pagnoni et al. (32) confirmed this rapid effect in their investigation that showed

P. acnes count decreased by an average of 2-log after a three-day treatment with a 10%

benzoyl peroxide cream, without any further decline by day 7. In contrast to the bacterial

resistance known to be associated with the use of oral and topical antibiotics, the

antibacterial activity of benzoyl peroxide occurs without the induction of

bacterial resistance.

The anti-inflammatory effect of benzoyl peroxide is probably directly related to the

decrease of P. acnes density in the sebaceous follicles. It is known that P. acnes induces

monocytes to secrete pro-inflammatory cytokines such as tumour necrosis factor a
(TNF-alpha), interleukin-1b (IL-1b), and IL-8 through a Toll-like receptor 2-dependent

pathway (33,34).

Benzoyl peroxide is commonly available as a liquid cleanser (2.5–10%), bar

cleanser (5–10%), pads (3–9%), mask (2.5–5%), lotion (5–10%), cream (5–10%), and gel

(2.5–20%). A report from the Global Alliance to Improve Outcomes in Acne (35) indicates

that gel formulations may be more stable and may release benzoyl peroxide more

consistently than creams and lotions.

Specific cleanser forms of benzoyl peroxide (5% and 10%) have been shown to

reduce P. acnes density and inflammatory lesion counts. To increase the cleanser’s

benefits, patients should be instructed to gently massage the cleanser into moistened

skin and allow a 20-second contact time followed by a 10-second gentle rinse (36).

Recently a benzoyl peroxide cleanser mask takes this one step further by allowing the

patients to use the product either as a cleanser or as a mask that allows for even longer

contact time (37).

Benzoyl peroxide can enhance the efficacy of concomitant antibiotic therapy and

reduces the development of antibiotic-resistant P. acnes. When used in combination with

oral antibiotics, it has been shown to reduce the resistance of bacteria to the systemic drug.

Recently, new drugs have combined benzoyl peroxide with other topical antibiotics. These

Chen and Appa258



formulations are available only by prescriptions and include erythromycin 3%–benzoyl

peroxide 5% and clindamycin 1%—benzoyl peroxide 5% combinations. These products

have been shown to have some additive effect compared to either drug alone and to reduce

the resistance to the antibiotic.

Once absorbed by the skin, benzoyl peroxide is metabolized to benzoic acid and

excreted in the urine as benzoate. There is no evidence of systemic toxicity caused by

benzoyl peroxide in humans (38). Side effects of benzoyl peroxide may include mild to

moderate irritation and skin dryness. Contact allergy has been reported in approximately

1% of patients. Additionally, benzoyl peroxide formulations may bleach fabrics and hair.

It is the controversy over tumor-promoting reports from animal studies on benzoyl

peroxide that caused the FDA to delay ruling on its monograph status. In the interim, the

agency has issued proposed rules that recommend sun avoidance and the use of a

sunscreen when using a benzoyl peroxide product to treat acne (39).

Many peer-reviewed studies have been published supporting the efficacy and safety

of benzoyl peroxide in acne. This ingredient is the main OTC treatment suggested by

dermatologists because of its undisputed efficacy in inflammatory lesions. In fact, a

review of the literature by Eady et al. (40) showed that none of the topical antibiotics

used in various studies was clinically better than benzoyl peroxide. A direct comparison

between a 10% benzoyl peroxide gel, a 1% clindamycin lotion, and a 20% azelaic acid

cream found that the 10% benzoyl peroxide gel was significantly superior in reducing P.

acnes at two and four weeks of treatment (41). Clinically, benzoyl peroxide has also

additive benefits when combined with other topical antibiotics (such as clindamycin or

erythromycin) (42,43).

Several previous studies have originally documented the efficacy of 2.5–10%

benzoyl peroxide, which were reported in the Advance Notice of Proposed Rulemaking

for Topical OTC Acne Drugs and accepted as support for the efficacy of benzoyl

peroxide in acne (44). It is interesting to note that higher concentrations of benzoyl

peroxide have not been shown to be more effective in acne, but may actually increase

the risk of irritation. An eight-week study (45) compared the efficacy of 2.5% benzoyl

peroxide versus 10% benzoyl peroxide in 50 acne subjects. The results showed that both

treatments significantly decreased the total number of papules and pustules, with no

difference in effectiveness between the two concentrations. There was also basically no

difference in the reduction of total lesions between the two concentrations, while the

incidence and severity of adverse events was much higher in the 10% benzoyl peroxide

group. Similar findings were reported by Mills et al. (46), in which they compared a

2.5% benzoyl peroxide against its vehicle, and against a 5% and a 10% benzoyl

peroxide gel in three double-blind studies involving 153 patients with mild to

moderately severe acne vulgaris. The 2.5% benzoyl peroxide formulation was more

effective than its vehicle and equivalent to the 5% and 10% concentrations in reducing

the number of inflammatory lesions.

Orth et al. (47) investigated the penetration of a 2.5% and a 10% benzoyl peroxide

formulation into the sebaceous follicles using cyanoacrylate follicular biopsy. The results

showed that benzoyl peroxide penetrated into the follicles within a few hours and that the

2.5% formulation delivered a similar amount of benzoyl peroxide as the 10% product. The

authors suggested that the vehicle of the 2.5% formulation played a significant role in

enhancing the delivery of benzoyl peroxide.

One of the few studies comparing benzoyl peroxide to topical retinoids was

conducted by Belknap (48). He compared 5% benzoyl peroxide twice daily versus 0.05%
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retinoic acid once daily in an eight-week study. Both treatments were “extremely

effective” for all types of lesions and significantly reduced open and closed comedones

after two weeks of treatment. Somewhat higher number of patients in the benzoyl peroxide

group showed excellent results.

A study by Shalita et al. showed the additive effect of the cleanser in acne treatment

(49). They compared the efficacy of a combination of benzoyl peroxide 6% cleanser and

tretinoin 0.1% microsphere gel versus tretinoin alone during a 12-week study. Fifty-six

subjects with moderate acne completed the study. Both treatments showed a significant

reduction in inflammatory and non-inflammatory lesions from baseline. However, the

combination regimen produced a greater reduction of inflammatory acne lesions than the

monotherapy without increasing local irritation.

Recently, a British study compared the efficacy and treatment costs of benzoyl

peroxide versus oral antibiotics (50). This 18-week study evaluated five antimicrobial

acne treatments in approximately 650 participants: oral oxytetracycline; oral minocy-

cline; benzoyl peroxide; separate administration of topical erythromycin and benzoyl

peroxide; and a combination of topical erythromycin and benzoyl peroxide. The authors

found that topical 5% benzoyl peroxide used twice daily as single active agent was

similar in efficacy to 100 mg minocycline once daily. The analysis of cost-effectiveness

found that the cheapest treatment (benzoyl peroxide) was 12 times more cost-effective

than minocycline. Additionally, the authors noted that pre-existing propionibacterial

resistance compromised the clinical efficacy of oral tetracyclines. In contrast, regimens

combining benzoyl peroxide with erythromycin were unaffected by resistance. The

authors concluded that topical benzoyl peroxide and benzoyl peroxide/erythromycin

combinations are similar in efficacy to oral antibiotics (oxytetracycline and minocycline).

The more significant message is that the clinical equivalence comes without being

affected by propionibacterial antibiotic resistance.

Sulfur and Sulfur/Resorcinol Combinations

Sulfur has been used to treat acne for hundreds of years for its peeling and drying

actions, and it is found in various washes, soaps, and creams. It is an antifungal and

antibacterial agent. Its keratolytic activity is somewhat controversial, with some authors

showing even a comedogenic effect (51). It is not fully understood how sulfur works in

the treatment of acne lesions. The claimed keratolytic properties may derive from the

interaction between sulfur and keratinocytes, producing hydrogen sulfide. Smaller sulfur

particles could allow greater interaction with keratinocytes and, therefore, produce

greater therapeutic efficacy (52). Because of its unpleasant odor, sulfur is rarely used

alone. As an OTC ingredient, it is most frequently found in combination with resorcinol.

Sulfur is also present in prescription acne products in combination with

sodium sulfacetamide.

Resorcinol has antibacterial, antifungal and mild keratolytic activity. When used as

resorcinol monoacetate, this slowly liberates resorcinol, generating a milder but longer

lasting effect. In the Acne Monograph, the OTC panel concluded that resorcinol is safe for

human applications but did not find it efficacious in acne as a single ingredient (53).

Therefore, resorcinol and resorcinol monoacetate are currently approved as OTC acne

ingredients only in combination with sulfur. Side effects of sulfur and of resorcinol include
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mostly mild irritation. Unpleasant odor (sulfur) of the formulation may also be a problem

for patients.

Sulfur preparations for acne treatments are not as popular as they were in the past

decades. Although sulfur is found in the forms of cream, lotion, ointment, spot-treatment

mask, and bar soap, the more common use is in its prescription combination with

sodium sulfacetamide.

Published peer-reviewed studies on the efficacy of sulfur, alone or in combination

with resorcinol, are basically non-existent. Few controlled efficacy studies are, however,

described in the OTC Acne Monograph and were presented to the OTC panel as

substantiating material for the approval of these ingredients (54). Based on these studies,

sulfur was approved as an acne ingredient in the concentrations of 3–8%. Resorcinol (2%)

and resorcinol monoacetate (3%), however, were not found to be effective as single

ingredients, and they were approved only in combination with sulfur 3–8% (55). The Acne

Monograph reports that in a 12-week study (56), more subjects treated with 3% sulfur

showed a good to excellent response, compared to the vehicle group, although no

statistical analysis was conducted. A series of split-face, vehicle-controlled studies (57)

showed a better reduction in lesion count in the subjects treated with a 5% sulfur product

compared to vehicle.

Another study compared an 8% sulfur-2% resorcinol cream against placebo

cream in 25 subjects using a split-face design (58). After eight weeks of treatment

sulfur-resorcinol was significantly better in reducing open comedones, papules and

pustules compared to placebo. A third study compared four treatment cells of 60 acne

subjects each. The treatments were applied three times daily for eight weeks and

consisted of: (i) 2.66% sulfur–1% resorcinol; (ii) 8% sulfur–2% resorcinol; (iii) 2.66%

sulfur; and (iv) placebo. The two combinations of sulfur-resorcinol were found

equivalent and were superior to both the placebo and the sulfur alone in the reduction

of papules and “whiteheads” (59).

While the effect of sulfur on non-inflammatory lesions is not clear, its

combination with resorcinol seems to increase its efficacy in both inflammatory and

comedonal lesions.

Adjunctive Acne Products

A few adjunctive products have been promoted for the treatment of acne. Since these are

not sold as OTC drugs, well-controlled studies are usually missing and it is difficult to

interpret their true benefit as acne treatments.

Tea Tree Oil

Tea tree oil (TTO) is extracted from the Melaleuca alternifolia and in the past decade has

become a popular topical antimicrobial for skin conditions such as tinea pedis and acne.

The three major components of TTO responsible for anti-P. acnes activity have been

found to be alpha-terpineol ! terpinen-4-ol ! alpha-pinene (listed in order or increased

minimum inhibitory concentration (MIC) values) (60). Besides its anti-P. acnes

properties, TTO has been found to have a significant and rapid (within 10 minutes)

anti-inflammatory activity when applied to histamine-induced weals (61). This could be an

additional pathway through which TTO improves inflammatory acne.
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One of the few clinical studies conducted in acne compared a 5% TTO gel with a

5% benzoyl peroxide lotion in 124 acne patients. Both treatments had a significant

effect in improving both inflamed and non-inflamed acne lesions, although benzoyl

peroxide produced faster results. Fewer side effects, though, were experienced in the

TTO group (62).

Botanicals

Although products cannot be sold bearing an anti-acne label unless they contain an OTC

approved ingredient, many botanical formulations are marketed towards the acne-prone

consumer claiming to “heal,” “purify,” or “cleanse” the skin and pores. Companies

promote their proprietary formula of herb extracts, but well-conducted clinical studies are

lacking, and therefore it is difficult to understand the true efficacy of these products. The

formulation may include different herb extracts with various activities (antimicrobial, anti-

oxidant, anti-inflammatory, soothing, etc.).

Retinaldehydes

A novel European acne formulation combines 6% glycolic acid and 0.1% retinaldehyde.

In a study on mild to moderate acne patients, the combination led to “important/very

important” global improvement at two months (63). This formulation has been also

suggested to prevent post-inflammatory pigmentation (64).

Capryloyl Salicylic Acid

A lipophilic derivative of SA (capryloyl SA or LHA) has been proposed as a new anti-acne

agent by a European firm. In a recent study, they showed that the LHA cream was well

tolerated and significantly more effective than a control moisturizing cream throughout the

87-day period as per the global evaluation scale (65). However, no comparison with its

vehicle cream or with any approved SA drug was presented.

Oral Supplements (Nutraceuticals)

Oral supplements have recently become more popular as a way of promoting total well-

being. Some supplements are marketed as part of a multi-step aging or acne treatment.

Nutraceuticals marketed for acne typically contain either herb extracts or specific vitamins

(especially vitamin A and vitamin B-complex).

Alpha-Hydroxyl Acids

Alpha-hydroxy acids (AHAs) such as glycolic acid and lactic acid have been used for

many years by dermatologists at concentrations of 20% to 30% for facial peel

procedures. More recently, AHAs have been added to OTC washes and moisturizers at

concentrations of 4% to 6%. AHAs have been found to soften the stratum corneum,

remove dead cells, and change free radicals on the skin. These products combine well

with both topical comedolytics and topical antibiotics. They can be used as the daily

facial cleanser or moisturizer before application of prescription medication. AHAs in the

20% to 30% strength help to improve discoloration and scarring. Mild benefit can also be

seen at the 4% to 6% strength. As with all other topical products, irritation may be a

problem, especially during the initial few weeks of usage. AHAs are sometimes used
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alone in mild acne. Various products, though, add glycolic acid to SA formulations

claiming an increase in the exfoliation benefits. A 2% lactic acid cream gel preparation

has been reported to be effective in both inflammatory and non-inflammatory acne

lesions compared to placebo (66).

Over-the-Counter Combination Therapy

Since acne is a multi-factorial disorder, dermatologists recommend the use of combination

therapy. In analogy, an OTC combination therapy was recently developed to treat multiple

pathogenic factors of acne. This system combines a 2.5% benzoyl peroxide lotion with an

SA cleaner that also contains glycolic acid. A daytime broad-spectrum sunscreen

containing a proprietary blend of skin soothing naturals is included in the system as per

FDA recommendation (67).

This OTC combination therapy system was compared to a benzoyl peroxide only

system in a double-blind, randomized, placebo-controlled clinical study on 90 subjects

with mild to moderate acne. Both systems were well tolerated, although the benzoyl

peroxide–only system had slightly higher irritation. The clinical results showed that the

OTC combination therapy system with both SA and benzoyl peroxide treatment

products rapidly improved acne within one week and continued to further ameliorate

over the course of treatment. Target pimple size, edema and erythema were

significantly reduced within two days (first time point). Significant reduction of full-

face total acne lesion counts was seen as early as day 4. In contrast, the benzoyl

peroxide only system did not show significant reduction of full face acne lesions until

week 2 and global acne severity until week 4 (68). The time course kinetics of the

treatments (charts in Fig. 2) show that the main difference clinically appeared to be in

the superior reduction of the closed comedones or the primary lesions by the SACBPO

OTC combination therapy system.

These results demonstrate the value of using the combination therapy approach in

OTC acne treatments as in Rx.

Clinical Imaging in the Development and Evaluation
of Over-the-Counter Acne Products

Photography has been a useful tool for evaluating and documenting treatment benefits

(Fig. 3 for example). Several acne-grading methods have even been proposed based on

photographs. Recent advancement in digital imaging has made image capture and

evaluation much more convenient. The techniques that have been applied to clinical

imaging go beyond just regular photography that mainly utilizes the visible light

spectrum. Photographers have used polarized filters to either cut through the surface

specula for a matted appearance with cross-polarized light (Fig. 4 for example), or to

enhance the surface specula to make the shine shinier or the surface texture more

3-dimensional–like with the help of parallel-polarized light. Skin redness and

pigmentation are highlighted in cross-polarized light images, while parallel-polarized

light images bring out the surface luminosity and make the height of a pimple or the

depth of a wrinkle more distinctive.
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Figure 2 Treatment effects of an over-the-counter regimen containing salicylic acid and benzoyl

peroxide versus a regimen containing only benzoyl peroxide. Upper chart (A) shows the changes in

the total inflammatory lesion counts and the lower chart (B) shows the changes in closed comedone

counts. Asterisks denote significantly greater reduction among treatments in favor of the labeled

treatment.
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Figure 4 Cross-polarized light images tracking pimple resolution and redness reduction of a pimple

treated with a 2% SA gel (active) and of an untreated pimple. Blinded analysis of individual pimple images

showed pimple resolution by the 2% SA gel was faster than by the placebo (the vehicle gel) and the

untreated control, and similar to that of a 10% benzoyl peroxide lotion. Abbreviation: SA, salicylic acid.

Figure 3 Acne skin images from visible light photography comparing the skin conditions before,

during and after treatment with an over-the-counter combination therapy system (salicylic acid C
benzoyl peroxide). Note the marked improvements in skin texture, bumpiness and clarity. Skin

redness was also reduced (data not shown).
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Another imaging technique involves the use of UV-enriched lamp or blue light.

When the skin is illuminated in this manner, the pilosebaceous glands glow as intensely

yellow-green or orange-red fluorescent spots (69). Partially or totally clogged

pilosebaceous glands all show particularly intense fluorescence of different sizes and

brightness, reflecting the degrees to which they are blocked. While the yellow-green

fluorescence is associated with the pore plug materials, the orange-red fluorescence

is shown to be the emission at wavelengths of 620 and 680 nm by the P. acnes under
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Figure 5 Time Course of target Lesion resolution as measured by hyper-spectral image analysis

quantifying (A) Erythema, and (B) Edema (water).
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385–415 nm light (70–73). The intensity of this orange-red fluorescence is proportional to

the density of P. acnes and declines under effective antibiotic treatment (74,75).

Fluorescence photography is thus a quick way to assess the antibacterial efficacy of

benzoyl peroxide formulations (76).

A powerful method has recently been developed that incorporates all of the above

imaging techniques to enable concurrent evaluation of clinical and sub-clinical conditions

in the skin (77,78).

The most recent advancement in the clinical digital imaging field is the hyper-

spectral imaging technique (79). This technique uses narrow-band filters in front of the

camera to acquire a series of images (called a hyper-spectral cube). The narrow band filters

are selected to detect different chromophores in the skin, the distribution of which is

captured in the corresponding images. Each pixel in an image, thus, contains spectral

information of the corresponding imaged site on the skin. Reflectance data can be analyzed

on a pixel-by-pixel basis to yield chromophore concentrations (oxy-hemoglobin, deoxy-

hemoglobin, melanin, water, and light scattering). Increased local oxy-hemoglobin

concentrations are manifested as erythema. Increased local water concentrations are

related to interstitial fluid accumulation due to edema. Chen et al. (80) studied the

progression of acne lesion maturation by monitoring lesion erythema and edema with

hyperspectral imaging. An example of the results that can be obtained is shown in Fig. 5.

Chantalat et al. (81) applied hyperspectral imaging to detect sub-clinical acne lesions that

were not yet visible on the skin surface, and tracked the effects of treatments on resolving

inflammation associated with the sub-clinical lesions. These studies demonstrate the

unique potential of hyperspectral imaging in the evaluation of clinical and sub-clinical

acne non-invasively.

SUMMARY

Majority of acne sufferers rely upon OTC acne medication to treat their acne. Therefore it

is incumbent upon the OTC manufacturers to improve OTC formulations in response to

the unmet needs of the average acne patients. While no new OTC acne ingredients have

emerged since FDA issued the Final Acne Monograph in 1991, step change has taken

place in terms of improved delivery of actives, the choices of vehicles, and the forms of

treatments. This is particularly true with daily regimen. It has changed the paradigm of

OTC acne therapy from reactive, occasional and irregular usage to routine daily treatment

providing the ultimate acne control.

The body of works mentioned in this chapter clearly demonstrates that both benzoyl

peroxide and SA are two powerful acne-fighting ingredients. Even though benzoyl

peroxide has been the mainstay in OTC acne therapy, our recent work indicates that SA

has been under-appreciated. With proper formulation, SA can provide rapid acne

clearance with overall efficacy comparable to a 10% benozyl peroxide treatment, while

providing high degree of skin compatibility.

In parallel, we have developed powerful, non-invasive imaging and spectral

techniques to track acne clinically and sub-clinically at the follicular level.

These advanced acne diagnostic methods will enable dermatologists and scientists

to develop a much clearer understanding of the acne life cycle in vivo and control

its emergence.
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71. Melö TB, Johnsson M. In vivo porphyrin fluorescence from Proprionibacterium acnes. A

characterization of the fluorescing pigments. Dermatology 1982; 164:167–174.

72. Lee WL, Shalita AR, Poh-Fitzpatrick MB. Comparative studies of porphyrin production

in Propionibacterium acnes and Propionibacterium granulosum. J Bacteriol 1978;

13:811–815.

73. Sauermann G, Ebens B, Hoppe U. Analysis of facial comedos by porphyrin fluorescence and

image analysis. J Toxicol Cutan Ocular Toxicol 1989; 8:369–385.

74. McGinley KJ, Webster GF, Leyden JJ. Facial follicular porphyrin fluorescence: correlation

with age and density of Propionibacterium acnes. Br J Dermatol 1980; 102:437–441.

75. Martin RJ, Kahn G, et al. Cutaneous porphyrin fluorescence as an indicator of antibiotic

absorption and effectiveness. Cutis 1973; 12:758–764.

76. Pagnoni A, Kligman AM, Kollias N, et al. Digital fluorescence photography can assess the

suppressive effect of benzoyl peroxideon Propionibacterium acnes. J Am Acad Dermatol 1999;

41:710–716.

77. Merola K, Chen T, Appa Y. U.S. patent, filed Nov. 2001, serial no. 10/008 579.

78. Chen T, Stamatas G, Kollias N, Appa Y. High resolution imaging of acne. J Am Acad Dermatol

2005; 52:P22.

79. Stamatas GN, Balas C, Kollias N. Hyperspectral image acquisition and analysis of skin. Proc

SPIE 2003; 4959:77–82.

Chen and Appa270



80. Chen T, Stamatas G, Kollias N, Appa Y. High resolution imaging evaluation of acne. Poster

#22 presented at the 63rd annual meeting of American academy of dermatology, Febuary 18–

22, 2005, New Orleans, LA. Abstract published in J Am Acad Dermatol 2005; 52:P22.

81. Chantalat J, Lu JC, Chen T, Appa Y. Treating emerging acne. Poster #128 presented at the

64th annual meeting of American academy of dermatology, San Francisco, CA, March 3–7,

2006.

Over-the-Counter Acne Medications 271





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [792.000 1224.000]
>> setpagedevice


