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Abstract

Atopic dermatitis is a form of dermatitis commonly seen in children and adults. Its pathophysiology is
complex and is centered on the barrier function of the epidermis. An important aspect of the skin’s barrier
is pH, which in turn affects a number of parameters such as the skin flora, protease function, and mediators
of inflammation and pruritus. Normal pH for non-neonatal skin is acidic and ranges from 4 to 6. Skin pH in
atopic dermatitis patients is often increased into the neutral to basic range, and the resulting cascade of
changes contributes to the phenotype of atopic dermatitis. Therefore, the maintenance of normal skin pH
remains an important topic in understanding and treating atopic dermatitis. This article will review skin pH
and its impact on normal barrier function, pathological pH changes in atopic dermatitis, and the therapeutic
considerations related to restoring and maintaining pH balance.
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1. Introduction

Skin pH is being increasingly recognized as a vital component for many of the normal functions of human
skin. Although the body’s internal pH tends to be neutral to slightly basic, the normal adult stratum
corneum is decidedly acidic with values reported in the 4–6 range [1,2]. This acidification is necessary for
antibacterial activity, barrier function, and maturation and structural integrity of the stratum corneum [3].
Dysregulation of the acidity plays a role in a number of diseases, such as candidiasis [4,5], irritant contact
dermatitis [6,7], and acne vulgaris [8,9]. One disease in which acidity plays a significantly impactful role is
atopic dermatitis [10,11]. This article reviews available literature on how epidermal acidification is
achieved, its role in the disease state of atopic dermatitis, and therapeutic options specifically addressing
pH aberrancy.

2. Biology of Epidermal pH

Acidification of the stratum corneum is achieved and maintained by a number of functional pathways.
Secretory phospholipase A2 is a major determinant of pH, acting on phospholipids to generate free fatty
acids [12]. The sodium-hydrogen exchanger 1 (NHE1) protein is another important element, causing
protons to be pumped into the extracellular compartment at the level of the stratum granulosum [13]. These
two mechanisms are likely critical. Another factor in acidification is the processing of filaggrin amino acids
to generate polycarboxylic acids [14]. However, it appears that the loss of filaggrin may be compensated
for by the first two mechanisms with respect to acidification alone [15], though other detrimental effects
may still occur, including altered lipid structure and increased permeability [16]. Additional acidifying
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factors may include melanin extrusion, as well as sulfated cholesterol [17], and there may be other
mechanisms that remain unknown.

A large number of endogenous and exogenous variables are known to affect skin pH, including age, body
part, skin type, sweat, soaps, and other topical products [18]. Newborn skin begins with a neutral pH [1],
and the transition to acidity occurs during the first year of life, with larger incremental changes occurring in
the first two months [19]. The pH again deviates from its normal adult range as it rises in the elderly
[20,21], which is likely due in part to a physiologic ceramide deficiency [22]. Body site plays a role in skin
pH as well, with infants experiencing higher pH on extensor surfaces and prominences, such as the cheeks
and buttocks [23]. Later in the normal adult skin, the intertriginous zones tend to have the highest pH [24].

With any discussion about the generation of acid pH, one must also consider the maintenance of it. Two
concepts are important here: the capacity of intrinsic acidification mechanisms to respond to an aberration,
and the buffering capacity of the skin. As discussed above, phospholipase A2 and NHE1 seem capable of
being upregulated in response to the loss of filaggrin-induced acidification, and would be expected to be
capable of responding to other insults as well. The buffering capacity is largely dependent on free amino
acids, which are in part derived from filaggrin byproducts [25]. The skin’s ability to buffer against strongly
acidic or alkaline substances is critical for protection against brief environmental insults, though prolonged
contact with such substances will easily overwhelm the buffer.

The acidic pH is critical to the overall function of the skin, and a number of specific mechanisms have been
elucidated which highlight its importance. The skin’s antimicrobial properties are optimal at acidic pH.
Staphylococcus and other pathogenic bacteria favor neutral pH and are inhibited in an acidic milieu
[26,27,28]. In addition, antimicrobial proteins produced by keratinocytes, such as dermicidin, are more
effective in an acidic stratum corneum [29,30]. Desquamation of the stratum corneum is a controlled
process critical for ensuring correct thickness, and a key factor is enzymatic degradation of
corneodesmosomes by serine proteases, particularly kallikreins 5 and 7 [31,32,33]. These enzymes act on
desmoglein 1, and the process is relatively slow at acidic pH [34]. When pH rises to the enzymes’ optima
(neutral), the degradation occurs much more briskly, leading to inappropriate desquamation and decreased
integrity of the stratum corneum [35,36]. Another function of kallikrein 7 is to activate IL-1 beta [37],
which has also been noted to increase at neutral pH, initiating or perpetuating chronic inflammation.

Ceramide production is yet another pH dependent process, with acid sphingomyelinase and
beta-glucocerebrosidase functioning best at a pH of 4.5 and 5.6, respectively [38]. Increases in pH have
been shown to reduce their enzymatic activity and impair barrier function, which ceramides are critical for
maintaining [35].

3. pH in Atopic Dermatitis

A number of interconnected mechanisms come into play in the atopic dermatitis disease state, and pH is
certainly one of the critical players. Lesional skin has been shown to have the highest pH on a given patient
with atopic dermatitis, followed by perilesional skin being somewhat more acidic, and unaffected skin
having the lowest pH [10,11]. Even unaffected skin in atopics has a higher pH than normal controls [39].
Clinical evidence for the importance of pH is evidenced by the sites of predilection, with the less acidic
areas having a greater propensity for disease expression. In infancy, the cheeks tend to have a higher pH,
corresponding to atopic dermatitis favoring this area [23]. However, intertriginous and flexural skin has the
more elevated pH in adult skin [24], again corresponding to the favored sites in this age group.

Although the downstream pathways dependent on pH are relatively well-defined, the upstream causes of
the pH increase seen in atopics remain less clear. A number of possibilities have been proposed, both
endogenous and exogenous. As mentioned above, filaggrin likely plays a role in acidification and its
mutation is widely known to be a significant risk factor for atopic dermatitis. It has not been conclusively
shown whether its importance in this disease relates more to its role in acidification versus its role in barrier
and lipid homeostasis. Changes in one or both of the two more pivotal acidification mechanisms,
phospholipase A2 and the NHE1 protein, may also occur but have not been specifically measured in the
disease state. Further study is needed to determine if and how these mechanisms are altered. Another
potential source of pH aberration is extracellular fluid (ECF). The barrier function of the stratum corneum
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must not only be thought of as a barrier to external insult, but also as an internal sequestration of a uniquely
acidic microenvironment. Compromise of the barrier may lead to undue influence from ECF, even in the
absence of overt erosion.

In addition to the body’s intrinsic pH variability, external variables also directly affect development and
severity of atopic dermatitis. Given atopic patients’ decreased buffering capacity [25], external influences
are magnified in this population. Alkaline soaps are known to induce lesions of atopic dermatitis in
susceptible individuals [40,41]. Hypochlorite certainly would be expected to increase pH although it has a
secondary effect of being antimicrobial, which improves one of the key negative consequences of elevated
pH, bacterial colonization. Hypochlorite has been shown to be beneficial in its overall effect, when used
appropriately [42]. At an approximate dilution of 1:1000 for 6% sodium hypochlorite with an original pH
of around 12, the pH of the bath can be estimated to be around 9. The precise effect bleach baths have on
skin pH has not been quantified.

4. Acidic pH as a Therapeutic Goal

Given the importance that physiologic acidic pH plays in the integrity, barrier function, and antimicrobial
properties of the skin, it is naturally becoming a therapeutic target. While the literature is replete with
reviews and studies on how pH contributes to the overall physiology of the skin, there is a paucity of
current evidence on how to clinically approach pH management. The two primary avenues of treatment
opportunities for pH management are bathing parameters (soap, temperature, time) and the moisturizer
applied to skin on a regular basis. While other factors may contribute, such as occlusion and environmental
humidity, their effects on pH are not well defined.

The last review of the pH of common commercial cleansers was done in 2002 [43], and while it is
enlightening, it cannot be relied on for informing current recommendations to patients. Hand washing with
alkaline soap can increase the pH of the skin by 3 pH units, and that effect persisted for 90 min [38]. The
effects on pH are assumed to be primarily responsible for the provocation of atopic dermatitis after using
neutral or alkaline soaps [40,41], although the stripping of protective lipids may be another mechanism by
which soaps perpetrate their damage. It would be beneficial to have more data available regarding the pH
of currently available cleansers. In addition, the utility of considering pH in cleansers would be solidified
by well-designed studies comparing those of varying pH, and quantifying both the immediate pH effects
and the long-term clinical benefit of sustained use in atopic patients.

Topical emollient and leave-on products represent the other key opportunity for intervention. Colloidal
oatmeal has long been known to be beneficial in atopic dermatitis. It has been recognized as acting, in part,
through normalizing skin pH to its usual acidic range [47]. It remains a commonly found ingredient in
currently available topical preparations for atopic dermatitis. Very little is known about the pH of currently
available products, although evidence is mounting for the potential benefits of acidic emollients in treating
and even preventing atopic dermatitis. In 2009, it was first shown that maintaining an acidic pH with
polyhydroxyl acids can actually prevent the emergence of atopic dermatitis in a murine model of
oxazolone-induced disease [44]. Lee et al., recently used a murine model to show the prevention of atopic
dermatitis and subsequent atopic march to asthma [45]. They compared an acidified Cetaphil cream (pH
2.8) with the same Cetaphil cream after neutralization (7.4) twice daily while attempting to incite skin
lesions of atopic dermatitis with topical oxazolone and airway disease with Dermatofagoides pteronyssinus
antigen. Significant differences were seen in both skin and airway, favoring the acidification cream.
Application of these results to a human subject experiencing multiple and varying insults throughout the
day may not be possible, but the results are intriguing nonetheless. Again working in a murine model,
Hachem et al., showed a wide variety of positive influences on the stratum corneum by application of
polyhydroxyl acids [46]. These effects included improved barrier homeostasis and supranormal stratum
corneum integrity and cohesion. It remains to be seen precisely how these data may translate to the
understanding and treatment of atopic dermatitis in humans, but the data are mounting that active
management of pH is vital to the treatment and possibly primary prevention of this common condition.

5. Novel Concepts in Intervention
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The benefits of restoring and maintaining the acid pH of the skin have been known for decades, but there is
still a great opportunity for advances. One key question that remains to be answered is whether particular
acids have specific benefits above and beyond simply correcting pH abnormalities. Lee’s comparison of
acidified versus neutralized versions of the same moisturizer emphasizes the importance of acidification
alone [45], although the citric acid used to lower pH does have its own unique effects such as epidermal
thickening [48]. The replenishing of bio-similar or bio-identical acids or non-native acids with known
biological activity is an intriguing prospect. Improvement in atopic dermatitis has recently been reported
using cis-urocanic acid [49], which is known to suppress the induction of immunity in skin [50]. As
discussed above, polyhydroxyl acids improve a number of parameters [46], though it is difficult to be
certain whether these effects could have been caused by acidification alone, irrespective of the acid used.
Specific antibacterial effects have not been well characterized for the acids currently under investigation,
but this could be an additional property of some acids that would make them superior in the therapy of
atopic dermatitis. Another aspect of treatment, particularly in compromised lesional skin, is the potential
for irritation to be caused by a topical therapy. Targeting this effect could represent a way to make irritating
but beneficial therapies more tolerable. Strontium has been shown to be an inhibitor of irritation in the skin
[51], and one study has shown significant improvement in stinging and burning when strontium was
included in one of the tested acid preparations [52]. Unfortunately, as noted above, the pH of currently
available topical OTC and prescription products is almost entirely unknown. In addition, the complex
chemical formulation of most products will make it difficult to predict irritant potential based on pH alone.
More investigation into strontium and other anti-irritant compounds could lead to improved tolerability and
compliance with topical therapies.

6. Conclusions

The acid mantle of the skin has been known for decades, though its roles in various aspects of skin
physiology have only recently been elucidated. Acidity is critical for ensuring appropriate stratum corneum
integrity, barrier function, and antimicrobial activity. Maintaining a normal pH through appropriate therapy
is well known to benefit disease states such as atopic dermatitis, and acidification may even have
preventative effects when instituted prior to onset of the atopic phenotype. There are many opportunities
for enhancing the current body of knowledge in this area, including updating the published pH values for
available cleansers and emollients, as well as exploring new acids for use in therapy. The consideration of
pH normalization will continue to be an increasingly important aspect of a comprehensive treatment plan in
atopic dermatitis and other cutaneous diseases.

Author Contributions

David J. Panther and Sharon E. Jacob co-wrote the paper.

Conflicts of Interest

The authors declare no conflict of interest.

References

1. Yosipovitch G., Maayan-Metzger A., Merlob P., Sirota L. Skin barrier properties in different body areas
in neonates. Pediatrics. 2000;106:105–108. doi: 10.1542/peds.106.1.105. [PubMed: 10878157]

2. Öhman H., Vahlquist A. The pH gradient over the stratum corneum differs in X-linked recessive and
autosomal dominant ichthyosis: A clue to the molecular origin of the “acid skin mantle”? J. Invest.
Dermatol. 1998;111:674–677. doi: 10.1046/j.1523-1747.1998.00356.x. [PubMed: 9764852]

3. Ali S.M., Yosipovitch G. Skin pH: From basic science to basic skin care. Acta Derm. Venereol.
2013;93:261–267. doi: 10.2340/00015555-1531. [PubMed: 23322028]

4. Runeman B., Faergemann J., Larkö O. Experimental Candida albicans lesions in healthy humans:
Dependence on skin pH. Acta Derm. Venereol. 2000;80:421–424. doi: 10.1080/000155500300012819.
[PubMed: 11243634]

5. Yosipovitch G., Tur E., Cohen O., Rusecki Y. Skin surface pH in intertriginous areas in NIDDM patients.

The Importance of Acidification in Atopic Eczema: An Underexplore... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4470210/?report=printable

4 di 8 01/10/2015 21:35



Possible correlation to candidal intertrigo. Diabetes Care. 1993;16:560–563. doi: 10.2337/diacare.16.4.560.
[PubMed: 8462378]

6. Seidenari S., Francomano M., Mantovani L. Baseline biophysical parameters in subjects with sensitive
skin. Contact Dermatitis. 1998;38:311–315. doi: 10.1111/j.1600-0536.1998.tb05764.x. [PubMed: 9687028]

7. Wilhelm K.P., Maibach H.I. Susceptibility to irritant dermatitis induced by sodium lauryl sulphate. J.
Am. Acad. Dermatol. 1990;23:123–124. doi: 10.1016/S0190-9622(08)81204-2.

8. Korting H.C., Braun-Falco O. The effect of detergents on skin pH and its consequences. Clin. Dermatol.
1996;14:23–27. doi: 10.1016/0738-081X(95)00104-N. [PubMed: 8901395]

9. Korting H.C., Ponce-Pöschl E., Klövekorn W., Schmötzer G., Arens-Corell M., Braun-Falco O. The
influence of the regular use of a soap or an acidic syndet bar on pre-acne. Infection. 1995;23:89–93. doi:
10.1007/BF01833872. [PubMed: 7622270]

10. Eberlein-König B., Schäfer T., Huss-Marp J., Darsow U., Möhrenschlager M., Herbert O., Abeck D.,
Krämer U., Behrendt H., Ring J. Skin surface pH, stratum corneum hydration, trans-epidermal water loss
and skin roughness related to atopic eczema and skin dryness in a population of primary school children.
Acta Derm. Venereol. 2000;80:188–191. doi: 10.1080/000155500750042943. [PubMed: 10954209]

11. Sparavigna A., Setaro M., Gualandri V. Cutaneous pH in children affected by atopic dermatitis and in
healthy children: A multicenter study. Skin Res. Technol. 1999;5:221–227. doi:
10.1111/j.1600-0846.1999.tb00134.x.

12. Mao-Qiang M., Jain M., Feingold K.R., Elias P.M. Secretory phospholipase A2 activity is required for
permeability barrier homeostasis. J. Invest. Dermatol. 1996;106:57–63. doi:
10.1111/1523-1747.ep12327246. [PubMed: 8592082]

13. Behne M.J., Meyer J.W., Hanson K.M., Barry N.P., Murata S., Crumrine D., Clegg R.W., Gratton E.,
Holleran W.M., Elias P.M., et al. NHE1 regulates the stratum corneum permeability barrier homeostasis.
Microenvironment acidification assessed with fluorescence lifetime imaging. J. Biol. Chem.
2002;277:47399–47406. doi: 10.1074/jbc.M204759200. [PubMed: 12221084]

14. Gruber R., Elias P.M., Crumrine D., Lin T.K., Brandner J.M., Hachem J.P., Presland R.B., Fleckman P.,
Janecke A.R., Sandilands A., et al. Filaggrin genotype in ichthyosis vulgaris predicts abnormalities in
epidermal structure and function. Am. J. Pathol. 2011;178:2252–2263. doi: 10.1016/j.ajpath.2011.01.053.
[PMCID: PMC3081164] [PubMed: 21514438]

15. Fluhr J.W., Elias P.M., Man M.Q., Hupe M., Selden C., Sundberg J.P., Tschachler E., Eckhart L., Mauro
T.M., et al. Is the filaggrin-histidine-urocanic acid pathway essential for stratum corneum acidification? J.
Invest. Dermatol. 2010;130:2141–2144. doi: 10.1038/jid.2010.74. [PMCID: PMC4548931]
[PubMed: 20376063]

16. Vávrová K., Henkes D., Strüver K., Sochorová M., Skolová B., Witting M.Y., Friess W., Schreml S.,
Meier R.J., Schäfer-Korting M., et al. Filaggrin deficiency leads to impaired lipid profile and altered
acidification pathways in a 3D skin construct. J. Invest. Dermatol. 2014;134:746–753. doi:
10.1038/jid.2013.402. [PubMed: 24061166]

17. Elias P.M. Stratum corneum acidification: How and why? Exp. Dermatol. 2015;24:179–180. doi:
10.1111/exd.12596. [PMCID: PMC4552322] [PubMed: 25406867]

18. Yosipovitch G., Maibach H.I. Skin surface pH: A protective acid mantle. Cosmet. Toilet.
1996;111:101–102.

19. Fluhr J.W., Pfistere S., Gloor M. Direct comparison of skin physiology in children and adults with
bioengineering methods. Pediatr. Dermatol. 2000;17:436–439. doi: 10.1046/j.1525-1470.2000.01815.x.
[PubMed: 11123773]

20. Zlotogorski A. Distribution of skin surface pH on the forehead and cheek of adults. Arch. Dermatol.
Res. 1987;279:398–401. doi: 10.1007/BF00412626. [PubMed: 3674963]

The Importance of Acidification in Atopic Eczema: An Underexplore... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4470210/?report=printable

5 di 8 01/10/2015 21:35



21. Thune P., Nilsen T., Hanstad I.K., Gustavsen T., Lövig Dahl H. The water barrier function of the skin in
relation to the water content of stratum corneum, pH and skin lipids. The effect of alkaline soap and syndet
on dry skin in elderly, nonatopic patients. Acta Derm. Venereol. 1988;68:277–283. [PubMed: 2459871]

22. Jin K., Higaki Y., Takagi Y., Higuchi K., Yada Y., Kawashima M., Imokawa G. Analysis of
beta-glucocerebrosidase and ceramidase activities in atopic and aged dry skin. Acta Derm. Venereol.
1994;74:337–340. [PubMed: 7817665]

23. Hoeger P.H., Enzmann C. Skin physiology of the neonate and young infant: A prospective study of
functional skin parameters during early infancy. Pediatr. Dermatol. 2002;19:256–262. doi:
10.1046/j.1525-1470.2002.00082.x. [PubMed: 12047648]

24. Braun-Falco O., Korting H.C. Der normale pH-Wert der Haut (in German) Hautarzt. 1986;37:126–129.
[PubMed: 3700100]

25. Levin J., Friedlander S.F., del Rosso J.Q. Atopic dermatitis and the stratum corneum: Part 1: The role of
filaggrin in the stratum corneum barrier and atopic skin. J. Clin. Aesthet. Dermatol. 2013;6:16–22.
[PMCID: PMC3805301] [PubMed: 24155988]

26. Korting H.C., Hubner K., Greiner K., Hamm G., Braun-Falco O. Differences in the skin surface pH and
bacterial microflora due to the long-term application of synthetic detergent preparations of pH 5.5 and pH
7.0. Results of a crossover trial in healthy volunteers. Acta Derm. Venereol. 1990;70:429–431.
[PubMed: 1980979]

27. Whiting R.C., Sackitey S., Calderone S., Morely K., Phillips J.G. Model for the survival of
Staphylococcus aureus in nongrowth environments. Int. J. Food Microbiol. 1996;31:231–243. doi:
10.1016/0168-1605(96)01002-1. [PubMed: 8880311]

28. Gianuzzi L., Contrera E., Zaritzky N. Modeling the aerobic growth and decline of Staphylococcus
aureus as affected by pH and potassium sorbate concentration. J. Food Prot. 1999;62:356–362.
[PubMed: 10419208]

29. Schittek B., Hipfel R., Sauer B., Bauer J., Kalbacher H., Stevanovic S., Schirle M., Schroeder K., Blin
N., Meier F., et al. Dermicidin: A novel human antibiotic peptide secreted by sweat glands. Nat. Immunol.
2001;2:1133–1137. doi: 10.1038/ni732. [PubMed: 11694882]

30. Chikakane K., Takahashi H. Measurement of skin pH and its significance in cutaneous diseases. Clin.
Dermatol. 1995;13:299–306. doi: 10.1016/0738-081X(95)00076-R. [PubMed: 8665438]

31. Brattsand M., Egelrud T. Purification, molecular cloning, and expression of a human stratum corneum
trypsin-like serine protease with possible function in desquamation. J. Biol. Chem. 1999;274:30033–30040.
doi: 10.1074/jbc.274.42.30033. [PubMed: 10514489]

32. Ekholm E., Egelrud T. Expression of stratum corneum chymotryptic enzyme in relation to other
markers of epidermal differentiation in a skin explant model. Exp. Dermatol. 2000;9:65–70. doi:
10.1034/j.1600-0625.2000.009001065.x. [PubMed: 10688377]

33. Ekholm E., Brattsand M., Egelrud T. Stratum corneum tryptic enzyme in normal epidermis: A missing
link in the desquamation process? J. Invest. Dermatol. 2000;114:56–63. doi:
10.1046/j.1523-1747.2000.00820.x. [PubMed: 10620116]

34. Gunathilake R., Schurer N.Y., Shoo B.A., Celli A., Hachem J.P., Crumrine D., Sirimanna G., Feingold
K.R., Mauro T.M., Elias P.M. pH-regulated mechanisms account for pigment-type differences in epidermal
barrier function. J. Invest. Dermatol. 2009;129:1719–1729. doi: 10.1038/jid.2008.442.
[PMCID: PMC2695842] [PubMed: 19177137]

35. Mauro T., Holleran W.M., Grayson S., Gao W.N., Man M.Q., Kriehuber E., Behne M., Feingold K.R.,
Elias P.M. Barrier recovery is impeded at neutral pH, independent of ionic effects: Implications for
extracellular lipid processing. Arch. Dermatol. Res. 1998;290:215–222. doi: 10.1007/s004030050293.
[PubMed: 9617442]

The Importance of Acidification in Atopic Eczema: An Underexplore... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4470210/?report=printable

6 di 8 01/10/2015 21:35



36. Hachem J.P., Behne M., Aronchik I., Demerjian M., Feingold K.R., Elias P.M., Mauro T.M.
Extracellular pH Controls NHE1 expression in epidermis and keratinocytes: Implications for barrier repair.
J. Invest Dermatol. 2005;125:790–797. doi: 10.1111/j.0022-202X.2005.23836.x. [PubMed: 16185280]

37. Nylander-Lundqvist E., Egelrud T. Formation of active IL-1 beta from pro-IL-1 beta catalyzed by
stratum corneum chymotryptic enzyme in vitro. Acta Derm. Venereol. 1997;77:203–206.
[PubMed: 9188871]

38. Rippke F., Schreiner V., Schwanitz H.J. The acidic milieu of the horny layer: New findings on the
physiology and pathophysiology of skin pH. Am. J. Clin. Dermatol. 2002;3:261–272. doi:
10.2165/00128071-200203040-00004. [PubMed: 12010071]

39. Seidenari S., Giusti G. Objective assessment of the skin of children affected by atopic dermatitis: A
Study of pH, capacitance and TEWL in eczematous and clinically uninvolved skin. Acta Derm. Venereol.
1995;75:429–433. [PubMed: 8651017]

40. Cork M.J., Robinson D.A., Vasilopoulos Y., Ferguson A., Moustafa M., MacGowan A., Duff G.W.,
Ward S.J., Tazi-Ahnini R. New perspectives on epidermal barrier dysfunction in atopic dermatitis:
Gene-environment interactions. J. Allergy Clin. Immunol. 2006;118:3–23. doi: 10.1016/j.jaci.2006.04.042.
[PubMed: 16815133]

41. Cork M.J., Danby S.G., Vasilopoulos Y., Hadgraft J., Lane M.E., Moustafa M., Guy R.H., Macgowan
A.L., Tazi-Ahnini R., Ward S.J. Epidermal barrier dysfunction in atopic dermatitis. J. Invest Dermatol.
2009;129:1892–1908. doi: 10.1038/jid.2009.133. [PubMed: 19494826]

42. Huang J.T., Rademaker A., Paller A.S. Dilute bleach baths for Staphylococcus aureus colonization in
atopic dermatitis to decrease disease severity. Arch. Dermatol. 2011;147:246–247. doi:
10.1001/archdermatol.2010.434. [PubMed: 21339459]

43. Baranda L., González-Amaro R., Torres-Alvarez B., Alvarez C., Ramírez V. Correlation between pH
and irritant effect of cleansers marketed for dry skin. Int. J. Dermatol. 2002;41:494–499. doi:
10.1046/j.1365-4362.2002.01555.x. [PubMed: 12207765]

44. Hatano Y., Man M.Q., Uchida Y., Crumrine D., Scharschmidt T.C., Kim E.G., Mauro T.M., Feingold
K.R., Elias P.M., Holleran W.M. Maintenance of an acidic stratum corneum prevents emergence of murine
atopic dermatitis. J. Invest Dermatol. 2009;129:1824–1835. doi: 10.1038/jid.2008.444.
[PMCID: PMC2695850] [PubMed: 19177139]

45. Lee H.J., Yoon N.Y., Lee N.R., Jung M., Kim D.H., Choi E.H. Topical acidic cream prevents the
development of atopic dermatitis- and asthma-like lesions in murine model. Exp. Dermatol.
2014;23:736–741. doi: 10.1111/exd.12525. [PubMed: 25078153]

46. Hachem J.P., Roelandt T., Schürer N., Pu X., Fluhr J., Giddelo C., Man M.Q., Crumrine D., Roseeuw
D., Feingold K.R., et al. Acute acidification of stratum corneum membrane domains using polyhydroxyl
acids improves lipid processing and inhibits degradation of corneodesmosomes. J. Invest Dermatol.
2010;130:500–510. doi: 10.1038/jid.2009.249. [PMCID: PMC2844116] [PubMed: 19741713]

47. Grais M.L. Role of colloidal oatmeal in dermatologic treatment of the aged. AMA Arch. Derm.
Syphilol. 1953;68:402–407. doi: 10.1001/archderm.1953.01540100042007. [PubMed: 13091378]

48. Bernstein E.F., Underhill C.B., Lakkakorpi J., Ditre C.M., Uitto J., Yu R.J., Scott E.V. Citric acid
increases viable epidermal thickness and glycosaminoglycan content of sun-damaged skin. Dermatol. Surg.
1997;23:689–694. [PubMed: 9256916]

49. Peltonen J.M., Pylkkänen L., Jansén C.T., Volanen I., Lehtinen T., Laihia J.K., Leino L. Three
randomised phase I/IIa trials of 5% cis-urocanic acid emulsion cream in healthy adult subjects and in
patients with atopic dermatitis. Acta Derm. Venereol. 2014;94:415–420. doi: 10.2340/00015555-1735.
[PubMed: 24284985]

50. Dahl M.V., McEwen G.N., Jr., Katz H.I. Urocanic acid suppresses induction of immunity in human

The Importance of Acidification in Atopic Eczema: An Underexplore... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4470210/?report=printable

7 di 8 01/10/2015 21:35



skin. Photodermatol. Photoimmunol. Photomed. 2010;26:303–310. doi:
10.1111/j.1600-0781.2010.00550.x. [PubMed: 21091788]

51. Hahn G.S. Strontium is a potent and selective inhibitor of sensory irritation. Dermatol. Surg.
1999;25:689–694. doi: 10.1046/j.1524-4725.1999.99099.x. [PubMed: 10491058]

52. Haddican M., Gagliotti M., Lebwohl M. Reduced burning and stinging associated with topical
application of lactic acid 10% with strontium versus ammonium lactate 12% Cutis. 2013;91:260–262.
[PubMed: 23772434]

Articles from Journal of Clinical Medicine are provided here courtesy of Multidisciplinary Digital Publishing
Institute (MDPI)

The Importance of Acidification in Atopic Eczema: An Underexplore... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4470210/?report=printable

8 di 8 01/10/2015 21:35


