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In vitro evaluation of four commercially 
available liquid soaps (in Brazil) for their 
anti-inflammatory and protective skin bar-
rier qualities, as well as their impact on the 
reduction of cutaneous hypersensitivity
Avaliação in vitro da eficácia anti-inflamatória, protetora da barreira 
cutânea e redutora da hipersensibilidade cutânea de quatro 
sabonetes líquidos disponíveis no Brasil
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ABSTRACT
  Introduction: The skin may present dysfunctions that result in histological alterations 
and elementary lesions, many of them caused by immunologic mechanisms and/or alte-
rations in the epidermal barrier. 
Objective: The present study was aimed at verifying in vitro whether some cosmetic 
products marketed in Brazil in the form of liquid soaps, have anti-inflammatory and pro-
tective efficacy in the skin barrier. 
Methods: An in vitro study was carried out with four commercial soaps, which were 
evaluated in a cell culture of human keratinocytes for the determination of their anti-in-
flammatory and epidermal barrier restorative effects, as well as their capacity to reduce 
cutaneous hypersensitivity. Concentrations of keratin 10 and 14, loricrin, IL-12, IFN-
-g and TRP V-1 were measured in the cell culture supernatants of human keratinocyte 
through the sandwich ELISA assay. 
Results: The four test substances led to significant reductions in the synthesis of IFN-g 
and IL-12. Only the test substance C triggered a significant increase in the synthesis of 
keratin 10. All test substances showed significant reductions in the synthesis of keratin 14 
and TRPV-1, and a significant increase in the synthesis of loricrin. 
Conclusions: Some cosmetic products in the form of soap can have in vitro results re-
garding their anti-inflammatory, epidermal barrier restoration and skin hypersensitivity 
reduction effects. 
Keywords: anti-inflammatory agents/adverse effects; dermatitis, atopic; soaps

RESU MO
Introdução:A pele pode apresentar disfunções que levam a alterações histológicas e lesões elementares, 
muitas delas decorrentes de mecanismos imunológicos e/ou alteração da barreira epidérmica. 
Objetivo: O objetivo deste estudo é avaliar se alguns produtos cosméticos, em apresentação sabonete 
líquido, encontrados no mercado brasileiro, apresentam eficácia anti-inflamatória e protetora de barreira 
cutânea in vitro. 
Métodos: Trata-se de estudo in vitro, no qual quatro sabonetes comerciais foram avaliados em culturas 
celulares de queratinócitos humanos para determinação das atividades anti-inflamatória, restauradora 
de barreira epidérmica e redutora da hipersensibilidade cutânea. As concentrações de queratina 10 e 
14, loricrina, IL-12, IFN-g e TRP V-1 foram dosadas nos sobrenadantes das culturas celulares de 
queratinócitos humanos por ensaio Elisa sanduíche. 
Resultados: As quatro substâncias-teste promoveram reduções significativas na síntese de IFN-g e 
IL-12. Somente a substância-teste C desencadeou aumento significativo na síntese de queratina 10. 
Todas as substâncias-teste demonstraram reduções significativais na síntese de queratina 14, aumento 
significativo na síntese de loricrina e reduções significativas na síntese de TRPV-1. 
Conclusões: Alguns produtos cosméticos em sabonete podem apresentar resultados in vitro no tocante 
às atividades anti-inflamatória, restauradora de barreira epidérmica e redutora da hipersensibilidade 
cutânea.
Palavras-chave: anti-inflamatórios/efeitos adversos; dermatite atópica; sabonetes
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INTRODUCTION
Like any body organ, the skin may present degeneration, 

metabolic abnormalities, malformations, dysfunction, and 
inflammation, leading to histological alterations and resulting in 
elementary lesions.1

Depending on the anatomical location and environmental 
influences, the skin has exceptional structural and functional 
diversity, as it is continually exposed to external aggressions such 
as solar radiation, mechanical stimuli, climate change and/or 
chemical and biological damage.2 The maintenance of the skin’s 
structural integrity is therefore critical and, when affected, it 
should be able to count on mechanisms for the rapid restoration 
of the epidermal barrier.3-5

Hydration and the integrity of the stratum corneum 
(SC) are crucial to the skin’s appearance, metabolism, mechanical 
properties and cutaneous barrier function. 6 During the epidermal 
differentiation, several proteins are involved in the formation of 
the stratum corneum, including loricrin, involucrin, filaggrin, 
and keratins. 7-9

The variation of the genes of the stratum corneum 
results in the pathogenesis of three major skin disorders: 
ichthyosis vulgaris, psoriasis, and atopic dermatitis (AD). 10-11 
AD is a chronic inflammation characterized by pruritus and 
one in which hereditary, environmental, and immunological 
components play a key role. 12

AD fluctuates between two phases: the acute phase, with 
a predominance of Th2 type response and IgE production, and 
the chronic, with strong Th1 type response, with the production 
of interferon-γ (IFN- γ) and interleukin-12 (IL-12). 11

Keratin is a tough, waterproof protein responsible for 
the skin’s protection.13 The keratins 5 and 14 are expressed in 
the basal keratinocytes while keratins 1 and 10 participate in 
the differentiation of suprabasal keratinocytes.14 Mutations in 
keratin genes can result in human diseases characterized by an 
alteration in epidermal homeostasis, including the impairment 
of the barrier function. 14 The rupture of the permeable barrier 
of the epidermis – both acute and chronic – results in changes 
in the synthesis of structural proteins in keratinocytes, relating to 
increased suprabasal cell proliferation and differentiation, in an 
attempt to repair the skin barrier. 14

The local production of inflammatory mediators is 
correlated to the integrity of the barrier, as a result of being 
activated following the release of cytokines, histamine, and 
eicosanoids. 15 These, in turn, increase the sensitivity of the 
nociceptors, such as TRPV-1 (V1 transitional channel vanilloid 
receptor), a nonselective calcium channel widely expressed in 
the cutaneous tissue, including keratinocytes and peripheral 
sensory nerve fibers.16 TRPV-1 has its sensitivity increased in 
AD lesions, which translates into hyperalgesia and additional 
production of inflammation mediators. 17-18

The availability of cosmetic products that minimize the 
occurrence of unwanted side effects such as skin xerosis and 
cutaneous hypersensitivity, can be a key differential to ensure 
adherence to and success of the treatment. The present study was 
aimed at evaluating whether some cosmetic products in liquid 

soap marketed in Brazil provide in vitro anti-inflammatory and 
protective efficacy to the skin barrier.

METHODS
Four commercial liquid soaps were evaluated in the 

present in vitro study: Test-substance A (Dermacyd Infantil, 
Sanofi-Aventis Farmacêutica Ltda., São Paulo, SP, Brazil, batch 
246782); Test-substance B (Sabonete de Glicerina Granado Bebê, 
Casa Granado Laboratórios, Farmácias e Drogarias S.A., Belém, 
PA, Brazil, batch R1446); Test-substance C (Huggies Turma 
da Mônica Recém-Nascido, Kimberly-Clark Brasil Indústria 
e Comércio de Produtos de Higiene Ltda, Mogi das Cruzes, 
SP, Brazil, batch Lkg2354); and Test-substance D (Johnson’s 
Baby Sabonete Líquido Da Cabeça aos Pés, Johnson & Johnson 
Industrial Ltda, São José dos Campos, SP, Brazil, batch 3013b09).

To that end, human fibroblast cultures (Human Foreskin 
Fibroblasts-1, “HFF-1”; ATCC SCRC-1041 (Banco de Células 
do Rio de Janeiro, Rio de Janeiro/RJ, Brazil, Catalogue 
number 0275) were seeded in 75 cm3 bottles (Nunc, Roskilde, 
Denmark), cultured and expanded in an incubator at 37°C in 
the presence of 5% CO2, using a specific culture medium for 
the determination of cell viability through the XTT method.

Cell viability was determined by a colorimetric method 
using the XTT dye (2, 3-bis [2-methoxy-4-nitro-5-sulfopheny]-
2H-tetrazolium-5-carboxyanilide inner salt), which is converted 
in water-soluble orange formazan by the mitochondrial enzyme 
succinate dehydrogenase in viable cells (Xenometrix AG, 
Switzerland). The fibroblasts were seeded and incubated with the 
Test-substances in eight concentrations using decimal geometric 
dilution. 13 After 48 hours of incubation the Test-substances were 
removed and the culture medium was replaced. Then, the XTT 
dye was added to the culture, and the plate was incubated for 
a further three hours. The absorbance (optical density – OD) 
of each well was determined at 480nm with the assistance of 
a Multiskan GO monochromator (Thermo Scientific, Finland). 
The percentage of cell viability was calculated according to the 
following equation:

Viability % = (DOST / DOCN) x 100
Where:
- DOST is the optical density of the Test-substance 
- DOCN is the optical density of the negative control.
HaCat human keratinocytes (Banco de Células do Rio 

de Janeiro, Rio de Janeiro/RJ, Brazil, Catalogue number 0341) 
were seeded and cultured in the same way that the HFF-1 
human fibroblasts were. Upon reaching confluence, the cells 
were seeded in plates for later incubation with the Test-substance 
and quantification of the proposed mediators.

The keratinocyte cultures were incubated with three 
non-cytotoxic concentrations of the Test-substances determined 
by the XTT method. Cells were maintained in contact with the 
test-substances for 48 hours. After this period, the cell culture’s 
supernatant was collected for measurement of the mediators 
related to the cutaneous barrier protective activity. In order to 
evaluate the anti-inflammatory and reductive activity of the 
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Graph 1: Evaluation of cell viability of Test-substances in cultured human fibroblasts after 48 hours of incubation using the XTT method

dermal hypersensitivity, the inflammatory stress was mimicked 
through the addition of interleukin-1 alpha (IL-1α, 10ng/mL) 
to the keratinocyte cultures, concurrently with the treatment 
using the Test-substance, for 48 hours.

Using commercially available kits for Sandwich ELISA, 
the concentration of the following mediators were assessed in the 
supernatants obtained from cell cultures of human keratinocytes: 
Keratin 10 (USCN Life Science Inc., Wuhan, Hubei, China); 
keratin 14 (USCN Life Science Inc., Wuhan, Hubei, China); 
loricrin (USCN Life Science Inc., Wuhan, Hubei, China); 
interleukin-12 (IL-12; BD Biosciences, San Diego, CA, USA); 
interferon-γ (IFN-γ, BD Biosciences, San Diego, CA, USA); 
and transient channel vanilloid receptor V-1 (TRPV-1; USCN 
Life Science Inc., Wuhan, Hubei, China). The absorbance 
reading was performed using a Multiskan GO monochromator 
(Thermo Scientific, Finland).

For the statistical evaluation of the mediators Keratin 
10, Keratin 14, loricrin, IL-12, IFN-γ, and TRPV-1, the one-
way ANOVA test was used (GraphPad Prism 4 Software Inc. 
San Diego, CA, USA), which allows for the measuring of 
the variation in results by comparing the data from the Test-
substances, evidencing the differences among them. As the F-test 
was significant, the authors applied the nonparametric Tukey 
test. A 5% significance level was adopted.

RESULTS
Graph 1 represents the Test-substances’ concentration-

cell viability curve. As can be seen, Test-substances A, C, and D 
showed non-cytotoxic concentrations starting with the 0.316mg/
mL dilution. The Test-substance B showed non-cytotoxic 
concentration starting with the dilution 0.100 mg/mL.

From a methodological point of view, the incubation of 
cultured human keratinocytes with pro-inflammatory cytokine 
interleukin-1 alpha (IL-1α) promoted an increase of 2.7 times 
and 1.7 times the production of IFN-γ and IL-12, respectively. 
Aimed at assessing the anti-inflammatory activity of each Test-
substance, Graphs 2 and 3 depict the effect of the Test-substances in 
the IFN-γ and IL-12 synthesis in cultured human keratinocytes. 
All Test-substances evaluated were able to significantly reduce 
the synthesis of both inflammatory cytokines.

Regarding IFN-γ, Graph 2 suggests that the Test-
substances promoted significant decreases in all concentrations 
evaluated. At a a   concentration of 0.100 mg/mL, Test-substances 
A, C, and D have shown a slightly stronger anti-inflammatory 
response (p<0.05) as compared to substance B at the same 
concentration.

The response obtained in the synthesis of cytokine IL-
12 was similar to that of IFN-γ. From Graph 3 it can be seen 
that Test-substance A at a concentration of 0.100 mg/mL and 
0.0316 mg/mL, was able to reduce IL-12 production to levels 
significantly lower (p<0.05) than those observed with Test-
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substance D at 0.100 mg/mL concentration.
Regarding the protective activity of the skin barrier, 

Graph 4 represents the effects of the Test-substances in the 
synthesis of Keratin 10 in cultured human keratinocytes. As can 
be seen, only substance C in the concentration of 0.0316 mg/
mL produced a significant increase in the synthesis of Keratin 10 

(p <0.001) when compared to the control.
The response observed for Keratin 14 (Graph 5) was 

contrary to that observed with Keratin 10. All Test-substances 
– either in one or more concentrations evaluated – caused 
significant reduction in the synthesis of Keratin 14 as compared 
to the control group.

Graph 4: Effect of Test-substances A, B, C, and D on the production of in-
terferon gamma (IFN-γ) in cultured human keratinocytes. The data repre-
sent the mean ± standard deviation of three replicates (ANOVA, Tukey).

*** p <0.001 as compared to the control group

Graph 3: Effect of Test-substances A, B, C, and D on the production of 
Interleukin-12 (IL-12) in cultured human keratinocytes. The data represent 

the mean ± standard deviation of three replicates (ANOVA, Tukey).
# p <0.001 as compared to the control group; *   p<0.05 as compared to 

IL-1α group; **   p<0.01 relative to IL-1α group; *** p<0.001 relative to IL-1α 
group; & p<0.05 regarding Substance D 0.100 mg/mL

Graph 5: Effect of Test-substances A, B, C, and D o the Keratin 14 pro-
duction in cultured human keratinocytes. The data represent the mean ± 

standard deviation of three replicates (ANOVA, Tukey).
* p <0.05 as compared to the control group;

 *** p <0.001 as compared to the control group;
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Graph 2: Effect of Test-substances A, B, C, and D on Keratin 10 production 
in cultured human keratinocytes. The data represent the mean ± standard 

deviation of three replicates (ANOVA, Tukey).
# p <0.001 as compared to the control group;
*** P <0.001 as compared to the group IL-1α

& p <0.05 as compared to substance B 0.100 mg/mL
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Graph 6 depicts the effects of Test-substances on loricrin 
synthesis in cultured human keratinocytes. Test-substances A, B, 
and C, in one or more tested concentrations promoted significant 
increases in loricrin synthesis. The greatest increase observed was 
obtained with Test-substance B in a concentration of 0.0100 
mg/mL (p <0.01), as compared to other groups evaluated.

Regarding the dermal hypersensitivity activity, Graph 
7 shows the effect of Test-substances on TRPV-1 receptor 
synthesis in cultured human keratinocytes. The addition of IL-
1α to the cell cultures caused a significant increase of 79.7% in 
the synthesis of TRPV-1 receptor. In contrast, all Test-substances 
reduced the production of this receptor when compared to the 
group that was stimulated with IL-1α.

DISCUSSION
The primary function of the epidermis is that of 

protection. 2 The barrier function is performed by a semi-
permeable stratum corneum composed of lipid lamellae.2

The regulation of the lipid barrier’s synthesis has been 
studied in a variety of models. Genetic alterations in lipid 
metabolism or in the protein content components of the stratum 
corneum produce desquamation or ichthyosiform skin with 
abnormal structure and function of the lipid barrier. 2

The concept of skin hygiene began with the dawn of 
human history and is related to the removal of impurities. 14 
Nowadays, the act of cleansing the skin is related to an individual’s 
appearance and skin health. 14

It is known that the use of water alone is not sufficient 
for skin hygiene; therefore, in order to remove finer particles it 
is necessary to use emulsifiers, which reduce the skin’s surface 

Graph 6: Effect of Test-substances A, B, C, and D on the production of 
loricrin in cultured human keratinocytes. The data represent the mean ± 

standard deviation of three replicates (ANOVA, Tukey).
* p <0.05 as compared to the control group;

 *** p <0.001 as compared to the control group;
& p <0.01 as compared to the other groups

Graph 7: Effect of Test-substances A, B, C, and D on the production of 
TRPV-1 in cultured human keratinocytes. The data represent the mean ± 

standard deviation of three replicates (ANOVA, Tukey)
# p <0.001 as compared to the control group;
*** p <0.001 as compared to the IL-1α group

tension and remove dirt, sebum, microorganisms, and cells of the 
stratum corneum. 15 An ideal soap must have these characteristics, 
however without damaging or irritating the skin and attempting 
to maintain the hydration of the skin’s surface, 16 providing a 
good balance of the two. 15

This in vitro study compared four soaps regarding the 
activity of their anti-inflammatory, barrier protective, and 
cutaneous hypersensitivity reduction. In general, from the 
biochemical, pre-clinical standpoint, all Test-substances showed 
satisfactory and very similar results, which can be useful for the 
clinical indication in patients with dermatoses that compromise 
the skin barrier.

Disorders with a purely inflammatory and chronic 
character – such as psoriasis and atopic dermatitis – lead to a 
decreased barrier function. 17 It has been known for a long time 
that soaps and products containing surfactants play an important 
role in the alteration of the cutaneous barrier, triggering AD 
outbreaks. 18 For this reason, the indication of commercial 
products that have little effect in triggering such crises is 
mandatory in dermatological clinical practice; therefore, it is 
desirable to know which ones may be useful in this indication.

AD typically demonstrates a decreased irritability 
threshold of the skin barrier; 19 therefore soaps that are less 
irritating and demonstrate the ability to maintain good 
hydration of the stratum corneum represent a benefit for the 
atopic xerodermic skin, influencing the treatment’s outcome and 
the development of the disease, with an improvement in the 
overall management of the condition. 19
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CONCLUSION
Based on the results obtained it is possible to infer that 

the four Test-substances promoted significant reductions in the 
synthesis of IFN-γ (Test-substances A, C, and D showed marked 
reductions as compared to B) and IL-12 (Test-substance A was 
able to reduce IL-12 production to levels significantly below 
those observed with Test-substance D in the concentration 
of 0.100 mg/mL). Test-substance C triggered a significant 

increase in the synthesis of Keratin 10, a phenomenon not 
seen with other Test-substances, although all have shown 
significant reductions in the synthesis of Keratin 14. All Test-
substances promoted significant increases in loricrin synthesis 
and significant reductions in TRPV-1 synthesis. Based on these 
findings, it is possible to conclude that all Test-substances have 
anti-inflammatory, hypersensitivity reduction, and epidermal 
barrier restorative activities. l
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