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Abbreviations: AD, atopic dermatitis; HET CAM, hen’s egg 
test on the chorioallantoic membrane; HRIPT, human repeat insult 
patch testing; TEWL, transepidermal water loss; AMPs, antimicrobial 
peptides; UV-B radiation, ultraviolet-b radiation; Th 2, t-helper 2 
lymphocyte; 

Introduction 
Atopic dermatitis (AD) is a chronic inflammatory skin disease 

with a genetic basis, affecting between 15%-30% of children and 
2%-10% of adults.1 This skin condition can result in an uncontrolled 
inflammatory cascade causing scaling, itching and redness. Typically, 
the skin presents dryness or xerosis due to cutaneous barrier 
dysfunction and usually is accompanied by pruritus and scratching, 
favouring the penetration of allergens and infections.2‒4 The skin 
barrier function not only acts as a physical protection against the 
external environment, but also as a biochemical and immunological 
barrier.5 Keratinocytes are protein-enriched cells, linked together by 
desmosomes, which undergo a differentiation process as they migrate 
from the basal layer to the stratum corneum, transforming into 
corneocytes without nucleus immersed in lipid-enriched intercellular 
space.6 Keratinocytes express a large number of specific proteins, 

including filaggrin and antimicrobial peptides (AMPs).2 This corneal 
layer provides mechanical strength and epidermal ability to neutralize 
some reactive oxygen species, absorb UV-B radiation, prevent the 
infiltration of allergens and microorganisms and limit water and 
electrolyte loss.7 Many atopic skins have genetic defects that affect 
filaggrin and caspase, which are both involved in stratum corneum 
formation and the integrity of the cutaneous barrier. Filaggrin is an 
epidermal protein that is crucial to the formation of the corneocyte 
and the generation of intracellular metabolites its reduction or absence 
due to genetic mutations can lead to the development of AD and other 
skin disorders such as ichthyosis.8,9 Caspase is a proteolytic enzyme 
essential to the maturation of the epidermis and formation of the 
stratum corneum. Its absence, dysfunction or reduced expression due 
presence of citokines causes alterations in the skin barrier function 
with the increase of TEWL.10‒12 In addition, AD affected skins present 
decreased secretion of antimicrobial peptides (AMPs), small cationic 
peptides with a broad antimicrobial activity that play an important 
role in both the innate and adaptive immune responses and show 
direct chemotactic and immunomodulating properties,13 and binding 
with anionic components in the cell membrane of microbes can cause 
rupture and consequent death.14 The decreased levels of AMPs in AD 
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Abstract

Atopic dermatitis (AD) is a chronic skin disease characterized by disturbance of 
the skin barrier function. Recent studies have shown that application of non-viable 
bacterial derivatives can strengthen the barrier function and reduce inflammation 
signs. This paper describes a new emollient for AD based on bacterial derivatives 
(lysate of Lactococcus lactis) and ectoine, and the first results of skin compatibility 
and cosmetic acceptability studies.

Materials and methods: Four exploratory studies were conducted: an in vitro 
evaluation of irritation potential (hen’s Egg Test on the chorioallantoic membrane, 
HET CAM); a skin irritation and sensitization potential test in healthy volunteers 
(HRIPT); a skin compatibility study in volunteers with atopic tendency skin (open 
test) and a cosmetic acceptability test in healthy pediatric volunteers.

Results: The HET-CAM test showed similar irritation potential to other products in the 
same category. HRIPT discarded allergenic potential and verified that no components 
induce sensitization reactions. Open test confirmed good skin compatibility in atopic 
skin. Finally, the test on children showed excellent tolerability, cosmetic acceptability 
and satisfaction among the parents. No participant referred skin reactions or discomfort 
feelings.

Discussion: Both the in vitro and in vivo studies confirmed the good tolerability, skin 
compatibility and cosmetic acceptability of this new emollient containing lysate of 
Lactococcus lactis and ectoin. The emollient represents a new approach for restitution 
of the cutaneous barrier in patients with AD, through the topical application of the 
lysate of probiotic bacteria, which acts on the epidermis thereby strengthening the 
skin barrier, and combined with ectoin, which protects the cell membrane and prevents 
transepidermal water loss (TEWL). 

Keywords: atopic dermatitis, probiotics, Lactococcus lactis, bacterial derivatives, 
emollient
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are attributable to elevated Th2 cytokines15 and are associated with 
increased susceptibility to skin infections.

The usual treatment of AD is based on anti-inflammatory drugs 
(topical corticosteroids) or immunomodulators (topical inhibitors of 
calcineurin) to decrease inflammation, and the use of moisturizers and 
emollients for hydration and recovery from barrier function reducing 
TEWL.16‒19 However, as the pathophysiological mechanisms and 
underlying processes of the disease advance, new targets emerge 
for the treatment of AD.5 Recent studies suggest that the use of 
probiotics provides benefits in terms of skin health and can help to 
prevent AD.20‒22 Similarly, non-viable bacterial derivatives have been 
shown to exert antimicrobial and immunomodulating action and 
can elicit certain immune responses on the skin and improve skin 
barrier functions.23 It has been found that the application of lysates 
of probiotic bacteria, such as the Lactobacillus or Bifidobacterium 
species, on in vitro models increase the barrier function through the 
modulation of tight-junction protein components and decrease skin 
reactivity, the release of cytokines and signs of inflammation.24,25 
In addition, trials in healthy volunteers have shown that topical 
application of bacterial lysates in the form of a cream strengthens the 
barrier function and decreases skin dryness.25 ProRenew Complex 
CLRTM is a new ingredient obtained from a gram-positive probiotic 
bacterium, Lactococcus Lactis. It acts by accelerating the self-renewal 
ability of the skin, helping it to adapt quickly and effectively to 
external stress. It increases the production of essential proteins and 
enzymes in order to maintain the quality of the stratum corneum and 
increases the synthesis of AMPs. A new product specifically designed 
for use on atopic skin now exists. It is an emollient that combines 
lysate of Lactococcus Lactis (ProRenew Complex CLRTM), which 
acts by promoting skin regeneration and barrier function recovery, 
and ectoin, a substance that prevents dehydration and reinforces 
the barrier function.26,27 In addition, the product also contains other 
components with emollient properties already widely used in the 
manufacture of cosmetics and creams, including squalene, panthenol 
and shea butter.28‒30 This paper describes the first exploratory studies 
on this new emollient in order to assess its skin compatibility and 
cosmetic acceptability.

Materials and methods
Four pilot studies were conducted to assess the tolerability and 

acceptability of the new specific emollient cream with lysate of 
Lactococcus lactis and ectoin. All the studies were single-center, 
and they were performed at contracted European facilities, officially 
authorized and specialized in this type of testing, in accordance with 
the principles of Good Laboratory Practices, Good Clinical Practice 
and the Declaration of Helsinki. Full and informed consent was 
obtained from all participating subjects prior to their involvement in 
the various test procedures.

Irritant potential test (Hen’s egg test on the 
chorioallantoic membrane, HET CAM)

This in vitro blinded controlled study uses an adaptation of 
the technique described by Luepke & Kemper.31 It is based on the 
observation, by a trained specialist, of the irritant effects (hyperemia, 
hemorrhage and coagulation) occurring during the five minutes after 
application of the test product to the chorioallantoic membrane of 
embryonated hen’s eggs at the tenth day of incubation (HET CAM). 
The test was performed on 4 eggs with 300µl deposited on the CAM. 
After 2seconds contact, the CAM was rinsed with sodium chloride 

isotonic solution. Possible irritation phenomena were observed over 
a period of 5minutes. The irritant potential was scored according to a 
scale from 0 to 21. The tested product was classified according to the 
mean score obtained: 

a) Practically non-irritant (mean score <1); 

b) Slightly irritant (mean score <5);

c) Moderately irritant (mean score <9);

d) Irritant (mean score ≥9). The blind control was performed through 
a standard curve of 0.05%, 0.4% and 3.2% lauryl sulfobetaine 
solutions in water.

Skin compatibility and allergenic potential test - 
Human Repeated Insult Patch Test (HRIPT)

This, single-center, controlled exploratory study uses an adaptation 
of that described by Marzulli & Maibach.32 The study was conducted on 
51 healthy volunteers with cutaneous phenotype (Fitzpatrick) II to IV 
and reactive skin. Subjects with cutaneous marks on the experimental 
area, skin lesions, atopy or allergies were excluded. Approximately 
20μl or 20mg of product was applied under an occlusive patch on 
9 consecutive occasions and removed after 48h-72h of contact over 
a period of 3 consecutive weeks. Then, after a minimal 2week rest 
period with no treatment, a single application of each product was 
repeated to the induction site, under a patch, and to a virgin site to 
reveal any possible induced allergy. One control patch, corresponding 
to the identical type of material and containing an ad hoc quantity 
of distilled water, was applied at the same time. The presence and 
intensity of cutaneous signs (erythema, edema, vesicles, bullas, 
papules, scabs, dryness, coloration and soap effects) were evaluated. 
Subjects were also asked to fill out a questionnaire on the main 
sensations of discomfort (i.e. heat sensations, stinging, pruritus etc.). 
The results were expressed as follows: percentage of reactive subjects 
(taking visible signs of irritation into account only: erythema, edema, 
vesicles, bullas, papules and scabs); and descriptively for any other 
signs or feelings of discomfort. Skin compatibility and absence of 
allergenic potential were assessed in all subjects included. Allergenic 
potential was assessed according to a scale established by the ICDRG 
(International Contact Dermatitis Research Group).

Skin compatibility test (Open test)

This open study was conducted on ten volunteers with cutaneous 
phenotype (Fitzpatrick) II to IV and atopic skin. The experimental 
procedure consisted of applying 0.3g of product in the chosen areas 
(half face and a forearm) once daily for 5 consecutive days. The other 
half face and forearm served as controls. Compatibility was monitored 
by a dermatologist at each visit with visual examination of the skin 
prior to application and during the hour following the application. 
After each application, subjects were also asked about any sensations 
of discomfort.

Cosmetic acceptability test in children (use test)

This pilot non-controlled study was designed to check the 
acceptability and the cosmetic qualities and efficacy, after application 
under normal conditions. Fifty-three children with atopic skin or 
very dry skin have participated. Subjects with other skin pathology 
or cutaneous affection, and subjects with general or local anti-
inflammatory or anti-allergic medication were excluded. Acceptability 
was checked daily by the parents after each application and the 

https://doi.org/10.15406/ppij.2017.05.00143


Bacterial derivatives of Lactococcus lactis and ectoin for atopic dermatitis: dermal compatibility and 
cosmetic acceptability

228
Copyright:

©2017 Crespo

Citation: Crespo C. Bacterial derivatives of Lactococcus lactis and ectoin for atopic dermatitis: dermal compatibility and cosmetic acceptability. Pharm Pharmacol 
Int J. 2017;5(6):226‒231. DOI: 10.15406/ppij.2017.05.00143

experimental area was controlled by pediatrician. The cosmetic 
qualities and efficacy were assessed at the end of study using a target 
questionnaire. The progenitors were asked to record any reaction or 
sensation of discomfort. We present the results of each study using 
descriptive statistics. Data are shown including number of subjects, 
means and standard deviation (means±SD) for numerical variables 
and with absolute and relative frequencies (percentages) in the case 
of categorical variables.

Results 
In vitro HET CAM test 

Following application of the product, none of the eggs presented 
signs of hyperemia or coagulation, but did show evidence of 
haemorrhage (3 in less than 30seconds and 1 in less than 2minutes). 
The mean±SD score was 6.5±1.0, so that the cream studied was 
classified as moderately irritant. 

Clinical skin reaction testing (HRIPT) 

The 90.2%(46/51) of the participating subjects were women. 
The average age was 54.3±10.7 (ranging from 23 to 68years of 
age) divided between the following skin phenotypes (Fitzpatrick): 
II(25.5%), III(62.7%) and IV(11.8%). None of the subjects (0/51; 

0%) presented any type of skin reaction. No irritation reaction was 
observed during the induction phase (from D3 to D24), nor allergic 
reactions during the single patch application phase. 

Skin compatibility test (open test) 

None of the subjects showed clinical signs attributable to the 
product or noticed sensations of discomfort. Accordingly, the 
dermatologist classified the product as very well tolerated by the skin 
(good cutaneous compatibility) in subjects with atopic tendencies. 

Test of use on pediatric subjects 

None of the children noticed irritating sensations or showed 
clinical signs attributable to the product. The pediatrician classified 
the cream as very well tolerated in accordance with the established 
classification scale. Children’s parents rated the cosmetic qualities 
of the cream very highly (see Figure 1) and declared themselves to 
be either satisfied or very satisfied with the cosmetic efficacy of the 
product in terms of moisturizing the skin (100%), nourishing the skin 
(100%), leaving the skin soft and smooth (100%), leaving the skin 
more flexible and elastic (98%), providing a sensation of comfort 
(96%) and improving the general state of the skin (100%). At the end 
of the test 94% of the parents confirmed that they were happy with the 
results. Table 1 shows a summary of the main results. 

Table 1 Summary of skin compatibility and cosmetic acceptability tests performed

Study type
Number 
of 
subjects

Product Variables ResultsN (%)/
mean±SD Summary of results

Irritant potential 
test HET CAM 4 eggs

300 ul deposited 

on the CAM

Hyperemia 0.0±0.0 According to the defined 
scale product tested 

was considered as 
moderately irritant

Haemorrhage 6.5±1.0

Coagulation 0.0±0.0

Global score 6.5±1.0

Skin 
compatibility 
HRIPT

51 healthy 
volunteers

20mg (9 
applications 
under patch over 
3 consecutive 
weeks+ single 
application after 
2 to 4weeks rest 
period)

Sex: men/women 5 (9.8%)/46 (90.2%)

The product induced 
no reaction of irritation 
thus product has a "very 
good skin compatibility". 
Moreover, no allergic 
reaction was detected 
and the product may be 
considered "hypoallergenic"

Age (years old) 54.3±10.7

Phenotype (Fitzpatrick)

 II/III/IV

II: 25.5%

III: 62.7%

IV: 11.8%

Induction phase - from D3 to 
D22- (%) reactive subjects on 
the induction site

Sings of reactivity: 0 
(0.0%)

Sensations of 
discomfort: 0 (0.0%)

Challenge phase - from D36 
to D40 - (%) reactive subjects 
on the induction site and 
virgin site

Sings of reactivity: 0 
(0.0%)

Sensations of 
discomfort: 0 (0.0%)

Open test

10 
volunteers 
with 
atopic 
skin

0.3 g applied over 
each site (once 
daily during 5 
consecutive days)

Sings of skin reactivity Sings of reactivity: 0 
(0.0%) The product induced no 

reaction of irritation thus 
product has a "very good 
skin compatibility"Sensations of discomfort Sensations of 

discomfort: 0 (0.0%)
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Study type
Number 
of 
subjects

Product Variables ResultsN (%)/
mean±SD Summary of results

Cosmetic 
acceptability Use 
test in children

53 
children

Application of the 
product at home 
(under the normal 
conditions of use)

Skin reactions ascribable to 
the test product Sensations of 
discomfort ascribable to the 
test product

Sings of reactivity: 0 
(0.0%) Sensations of 
discomfort: 0 (0.0%) The product has”very good 

skin compatibility". It’s very 
good skin tolerance was 
thus confirmed. A statistical 
significant percentage 
of parents judged that 
product moisturizes and 
nourishes skin, leaves skin 
softer, smoother, suppler 
and elastic, provides a 
general comfort sensation 
and improves the general 
condition of skin

Global Product evaluation

I like it: 94%

Neither like it nor 
dislike it: 4%

Don't like it: 2%

Cosmetic qualities 77% - 100%

Cosmetic efficacy 96%*-100%

(%mothers/fathers satisfied) Satisfied mothers/
fathers

Figure 1Cosmetic qualities: the percentage of satisfied parents for each item. 
Items: 1. The general application of the product on skin is easy; 2. Product consistency is just right; 3. Product color is pleasant; 4. Product absorption is quick; 5. 
Product fragrance is pleasant; 6. The intensity of the fragrance is just right; 7. It has pleasant texture; 8. It spreads easily on skin; 9. Does not leave an oily sensation 
on skin; 10. Does not leave a sticky sensation on skin; 11. Does not leave residues after application.

Table Continued..

Discussion
The results obtained in these studies indicated the good cutaneous 

compatibility and cosmetic acceptability in children of the new 
emollient product containing lysate of Lactococcus Lactis and ectoin, 
designed, as an adjuvant to pharmacological treatment for atopic 
dermatitis. The use of moisturizing creams and emollients is already 
considered an integral part of therapy in the treatment of AD.33,34 
However, the use of probiotics and bacterial derivatives to re-establish 
the skin barrier and improve the condition represents a new therapeutic 
development. In the HET CAM in vitro test for potential irritants 
(now considered a viable alternative to in vivo testing on rabbits),35 

the product being classified as moderately irritant. These results 
were close to other products of the same cosmetic category (body 
moisturizing lotions for babies and facial moisturizers for adults), 
thus, equally well tolerated as these existing products. The HRIPT on 
healthy volunteers showed scarce irritant potential in the product and 
an absence of allergic skin reactions following repeated application. 
In general, adverse reactions to cosmetic products occur due to one 
of their primary components, by contamination during formulation 
or as a result of one of the added preservatives or fragrances. In most 
cases the reactions are irritant rather than allergic and only minor or 
transitory such as itching, stinging or a rash on contact. In very few 
cases are the reactions more serious.20 With the tested product, neither 
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the Lactococcus bacterial lysates nor the other components have 
induced skin sensitivity reactions in any of the healthy volunteers. In 
terms of cutaneous compatibility in subjects with atopic tendencies, 
the absence of clinical signs or unpleasant sensations on the part of the 
volunteers showed the cream to be well suited for use on atopic skin, 
leading to the dermatologist classifying it as a product with very good 
cutaneous compatibility. 

 Finally, the cosmetic acceptance test on child subjects under the 
control of a pediatrician showed very good cutaneous tolerance, with 
none of the children complaining of unpleasant sensations in relation to 
the use of the cream. The parents positively rated the cosmetic qualities 
of the cream and declared themselves satisfied with the cosmetic 
effectiveness of the product. The product studied is an emollient with 
a new composition which contains lysate of Lactococcus Lactis. The 
use of topical probiotics and their derivatives in the treatment of AD is 
a growing trend. Although the link between Staphylococcus aureus and 
AD lesions has been known for some time, most of the research over 
recent years has focused on the study of cutaneous microbiota and the 
changes in its composition in relation to dermatological illnesses such 
as AD, where there is a reduction in the microbial diversity due to the 
rapid growth of S. aureus and an increase of other species in lesional 
skin,4‒36 related to the deterioration of the barrier function. The oral 
intake of probiotics provides health benefits for the skin, including 
an improvement in cases of eczema and AD, curing burns and scars, 
betterment rejuvenation properties and an improvement to the innate 
immunity of the skin.23 Likewise, administering during pregnancy 
and early infancy can reduce the risk of eczema developing.20 More 
recently, topical application of probiotics and bacterial composites 
such as the cellular wall, its metabolites and dead bacteria has also 
been shown to produce certain immunity responses in the skin and to 
improve and reinforce the skin barrier.23‒25 In cases of AD selective 
defects exist in the expression of the multiple genes which codify the 
corneal layer of the skin, including the filaggrin or the loricrin which 
only show 2% of the normal level, with structural alterations and a 
reduction in the corneocytes and the intercellular lipids. As a result, 
the whole process of terminal differentiation of the keratinocytes 
(cytoplasmic compaction, cornification and the release of lipids) 
necessary for the establishment of the barrier function is defective.37 
Furthermore, the reduction in the antimicrobial activity makes the 
patient susceptible to skin infections, sensitivity to allergens and a 
state of constant inflammation.38 

Lysate of Lactococcus Lactis acts to promote the maturation and 
regeneration of the skin. It increases the expression of structural 
proteins such as loricrin, transglutaminase 1, profilaggrin, filaggrin 
and caspase 14, thickens the epidermis and improves the integrity 
of the barrier by increasing cellular cohesion and the production of 
antimicrobial peptides. The other main component of the product 
studied, ectoin, is a natural compound produced by various bacterial 
species in response to osmotic pressure in extreme environmental 
conditions. It is a compatible solute which attaches itself to the 
water molecules and acts as an osmoprotectant.39 Various studies 
have indicated that topical application of ectoin on human skin has 
beneficial effects. It has been shown that it protects the cellular 
membrane from the damage caused by surfactants (present in many 
cosmetic products) and reinforces the barrier function against water 
loss, improving skin resistance and preventing dehydration.27 Like 
Marini et al.26 demonstrated that the application of a cream containing 
ectoin twice a day over a 28day period to the damaged skin of patients 
with light to moderate AD reduced the seriousness of the condition 

and was very well tolerated. The other components of the product 
include panthenol, squalene and shea butter. Panthenol or vitamin B5 
is a component of coenzyme A which serves as a cofactor for a wide 
variety of metabolic reactions and is essential for normal epithelial 
function. Administered topically, it acts to improve the hydration of 
the corneal layer, reducing TEWL and maintaining the softness and 
elasticity of the skin without harming the bacterial microbiota.40 
Squalene is a natural lipid which is found in humans, animals and 
vegetable species. It forms part of the sebaceous secretion of the skin 
and provides beneficial properties such as antioxidant, anti-tumour and 
cytoprotective effects.41 It is a substance widely used as an excipient 
in pharmaceutical formulations for the treatment of conditions such 
as seborrheic dermatitis, acne, psoriasis and atopic dermatitis and in 
cosmetic products with therapeutic or pharmacological effects for 
skin care due to their high emollient properties and ease of absorption 
without leaving greasy residue.42 Shea butter is a vegetable lipid used 
in cosmetics and creams for its emollient and conditioning properties 
for use on dry skin.43 

Conclusion 
The results obtained show the good tolerability and cutaneous 

compatibility of the cream under study. There were no irritant signs or 
allergic reaction following repeated application on the study subjects, 
demonstrating the absence of allergenic potential. Likewise, the use 
test on a pediatric population showed it to be a cream well suited for 
use on children and it was well received by the parents who expressed 
their satisfaction with the cosmetic effectiveness and qualities of the 
product. These were the first studies conducted on this emollient, 
which represents a new approach for restoring the integrity of the 
cutaneous barrier aimed at patients with AD, involving the topical 
application of a lysate of Lactococcus Lactis which acts to promote 
the maturation and regeneration of the skin, thickening the epidermis 
and improving the integrity of the barrier by increasing cellular 
cohesion and the production of antimicrobial peptides. In addition, 
the combinations of the latter with ectoin, a substance which protects 
the cellular membrane and prevents transepidermal water loss, make 
the product’s use especially suitable for acute outbreaks. Following 
testing on the tolerability and acceptability of this new emollient, 
the next step will be to conduct further clinical studies to assess the 
clinical effectiveness and safety of the cream in common medical 
practice. 
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