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Abstract: Human skin is colonized by diverse commensal microbes, making up the skin microbiota
(SM), contributing to skin integrity and homeostasis. Many of the beneficial effects aroused by the SM
are exerted by microbial metabolites such as short-chain fatty acids (SCFAs), including butyric acid.
The SCFAs can be used in cosmetic formulations against skin diseases to protect SM by preserving
and/or restoring their natural balance. Unpleasant sensorial properties and unfavorable physico-
chemical properties of butyrate strongly limit its cosmetic use. In contrast, some butyrate derivatives,
including phenylalanine butyramide (C13H18N2O2, FBA), a solid form of butyric acid, are odorless
while retaining the pharmacokinetic properties and safety profile of butyric acid. This study assessed
the FBA’s permeation across the skin and its soothing and anti-reddening potential to estimate its
cosmetic application. The dosage method used to estimate FBA’s levels was validated to be sure
of analytical results. The FBA diffusion tests were estimated in vitro using a Franz-type vertical
diffusion cell. The soothing action was evaluated in vivo by Colorimeter CL400, measuring the
erythema index. The results suggest that the FBA represents an innovative way to exploit the benefits
of butyric acid in the cosmetic fields since it cannot reach the bloodstream, is odorless, and has a
significative soothing action (decrease the erythema index −15.7% after 30′, and −17.8% after 60′).

Keywords: butyrate; skin microbiota; skin permeation; erythema index; soothing and anti-reddening
effect

1. Introduction

The skin is the most significant interface between the human body and the envi-
ronment. Exposure to UV B (UVB, wavelength of 280–320 nm) can generate reactive
oxygen species (ROS) in the skin, exposing the biological tissue to oxidative stress [1],
lipid peroxidation [2], chronic inflammation [3], and DNA damage [4–6], which can result
in erythema, edema, and epidermal hyperplasia [7]. The skin is colonized by diverse
commensal microbes composed of bacteria, fungi, viruses, archaea, and mites as a part
of a network that is defined as SM that mediates essential physiological and pathological
processes [8] and ensures its homeostasis contributing to the skin barrier function [9,10].
The skin microbes release enzymes involved in the stratum corneum renewal and desqua-
mation process (proteases), lipidic film surface breakdown (lipases), and able to degrade
urea (ureases). Moreover, the microbiota produces bacteriocins, biofilms [11,12], antimicro-
bial peptides [13,14], and indoles that inhibit many molds and yeasts [15]. The microbial
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metabolites (i.e., short-chain fatty acids including butyric acid) are responsible for some
beneficial effects produced by the SM, including the dysbiosis (imbalances in the SM
composition) enhancement due to pathological (i.e., dermatological diseases) and non-
pathological (i.e., aging) skin conditions [16]. The fatty acids, secreted by the sebaceous
glands, acidify the skin’s pH (it varies between 4.2 and 7.9) [17] and improve the epithelial
barrier function by decreasing permeability, eliciting the eutrophic effect on the skin, and
suppressing cutaneous inflammatory reactions [9,18]. Therefore, SCFAs could represent
a novel strategy in cosmetic formulations for skincare. Previous studies have shown the
significant role of butyric acid, the major metabolite made by Staphylococcus epidermidis
fermentation, in inflammatory skin diseases [19]. It interacts with receptors, which secrete
inflammatory cytokines expressed by keratinocytes [19]. Unfortunately, unfavorable sen-
sorial and physicochemical properties strongly limit the dermatologic use of butyric acid.
Therefore, it was thought to synthesize synthetic analogs to allow its use in the dermato-
logical and cosmetic fields. The phenylalanine butyramide (FBA) proved noteworthy as
a valid alternative for the topical use of butyrate among the synthesized derivatives. It
releases butyric acid very quickly, has no smell, and has the same pharmacokinetic and
safety profiles as butyric acid [20]. It doesn’t show any genotoxicity in vitro. The Ames
test proved the absence of mutagenic properties. The absence of chromosomal breaks was
showed by the micronucleus test [20].

In this study, the cosmetic potential of the FBA was evaluated. The potential perme-
ation through the skin and the presence in the bloodstream were evaluated by in vitro
experiments. The soothing and anti-reddening effects were proven by in vivo tests.

2. Results

FBA is a 1-carbamoyl-2-phenyl-ethyl derivative of butyric acid (Figure 1). In this study,
its lipophilic potential was evaluated by in vitro studies validated by silicon studies.
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Figure 1. Phenylalanine butyramide (FBA).

2.1. In Vitro Studies

In vitro studies were performed to determine the FBA’s ability to permeate the skin
and its soothing and anti-reddening potential. The FBA levels were evaluated after 1, 2,
and 4 h.

2.1.1. Partition Coefficient and In Silico Parameters

The lipophilicity of the FBA was evaluated by the determination of the octanol/water
partition coefficient. The experimental Log Po/w, estimated by the shake-flask method,
was 0.79 ± 0.12. The calculated Log Po/w obtained by the XLOGP program was 0.79.
Instead, the calculated Log Po/w found by the ADMET® program was 0.74. The value
found experimentally was in line with those determined statistically. ADMET® program
calculated FBA Log Kp (skin permeation), resulting in 1919 cm/h.
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2.1.2. Determination of the FBA Levels and Skin Permeation

A new chromatographic method was used to determine the FBA concentration in the
epidermis, dermis, and receptor compartment by time. The results of skin permeation were
expressed in µg/mL and reported in Table 1.

Table 1. FBA concentration in epidermis, dermis, and receptor compartment by time (µg/mL).

Time (h) Conc. FBA in Epidermis
(µg/mL)

Conc. FBA in Dermis (µg/mL) for
PBs Donor

Conc. FBA in the Receptor
Compartment (µg/mL)

1 1.49 ± 0.40 0.30 ± 0.07 0
2 0.37 ± 0.06 0.71 ± 0.11 0
4 1.73 ± 0.31 3.18 ± 0.49 0

The amount permeated in the skin was 0.2% at 60′ and 0.4% after 4 h.
The FBA chromatograms used to dosage the FBA in the epidermis and dermis are

shown in Figure 2.

2.1.3. Validation of the Analytical Method

The dosage method was validated to confirm the soundness of the results as required
by the AOAC guideline [21]. Recovery was tested at different ultrasonication times. Ultra-
sonication time of 6 min was used for experimental purposes since it gave a reproducible
average recovery of 95%. The matrix-matched calibration curve accomplished in the recep-
tor phase supported a negligible (~95%) matrix effect, assessed as the ratio between the
slopes of the calibration curve achieved in EtOH and measured in the receptor phase (saline
solution, NaCl 0.9% w/v). The validation parameters are summarized in Table 2. Each
concentration level used to determine the calibration curve was analyzed in triplicates.

Table 2. Validation parameters for the quantitative analysis of FBA.

Calibration Parameters

Linear range (µg/mL) 0.5–10
Slope 13,178

Intercept 2195.5
r2 0.9995

Precision and Accuracy of the Chromatographic System

Repeatability (n = 5); RSD (%) 4.80
Intermediate precision (n = 10); RSD (%) 8.70

LOQ (ng mL−1) 20,000
LOD (ng mL−1) 0.00991

Matrix effect 95.0

The proposed method was sensitive and straightforward to quantify the FBA in skin
layers at the end of a permeation experiment.

2.1.4. Erythema Index

The erythema index, calculated as skin redness (a*), was measured after 30 min and
1 h from the application of the W/O Emulsion containing FBA (A), the Placebo emulsion
(P), and on the control site (Control). The results were reported in Table 3 and Figure 3.



Molecules 2021, 26, 6611 4 of 12
Molecules 2021, 26, x FOR PEER REVIEW 4 of 13 

RECEPTOR 

COMPARTMENT 

Time (min)

After 1 hour After 2 hours  After 4 hours 

DERMIS 

m
A

U

m
A

U

m
A

U

Time (min) Time (min) Time (min)

EPIDERMIS 

m
A

U

m
A

U

m
A

U

Time (min) Time (min) Time (min) 

Figure 2. Chromatograms related to the determination of FBA levels in the skin.

2.2.1. Erythema Index 
The erythema index, calculated as skin redness (a*), was measured after 30 min and 

1 h from the application of the W/O Emulsion containing FBA (A), the Placebo emulsion
(P), and on the control site (Control). The results were reported in Table 3 and Figure 3. 

FBA 

FBA 

FBA 

m
A

U
 

FBA FBA FBA 

Figure 2. Chromatograms related to the determination of FBA levels in the skin.

There was a decrease in skin redness values on the control site (−8.6% after 30′

and −10.5% after 60′), and on the placebo site (−8.8% after 30′ and −11.8% after 60′).
Moreover, a significative erythema index decrease (−15.7% after 30′ and −17.8% after 60′)
was detected after applying the emulsion containing FBA (Table 3).



Molecules 2021, 26, 6611 5 of 12

Table 3. Average of Erythema Index (a* mean values) at T0, T30′ and T60′ and average of decrease in erythema (%) after 30′

and 60′ for Emulsion with FBA (site A), Placebo (site P) and control site.

Site Product Tested a* Mean Values
Percentage

Variations of
Erythema Index

Percentage
Variations of

Erythema Index

T0 T30′ T60′ T30′ vs. T0 T60′ vs. T0

A Area Emulsion with
FBA 9.63 ± 2.48 8.04 ± 1.63 7.63 ± 1.46 −15.7%

p = 0.0013
−17.8%

p = 0.0037

P Area Placebo 9.68 ± 2.19 8.61 ± 1.36 8.32 ± 1.34 −8.58%
p = 0.13

−10.53%
p = 0.064

Control site No treated 8.98 ± 2.26 8.04 ± 1.53 7.84 ± 1.41 −8.8%
p = 0.071

−11.8%
p = 0.024
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3. Discussion

Butyric acid has relevant anti-inflammatory, anti-redness, and lightening proper-
ties [20]. Nevertheless, the unpleasant organoleptic properties limit its use in the cosmetic
field. Therefore, a butyrate (FBA) phenyl derivative, which can release butyric acid on the
skin surface, was used to eliminate this unpleasant characteristic and test the potential
cosmetic properties. The Regulation (EC) No 1223/2009 of the European Union [21,22]
defines a cosmetic product as “any substance or mixture intended to be placed in contact
with the external parts of the human body (epidermis, hair system, nails, lips, and external
genital organs) or with the teeth and the mucous membranes of the oral cavity with a view
exclusively or mainly to cleaning them, perfuming them, changing their appearance, pro-
tecting them, keeping them in good condition or correcting body odors” [22]. Therefore, a
feature that differentiates the cosmetic from the pharmaceutical product is that the cosmetic
product must not enter the bloodstream. Topically applied compounds can enter the body
by diffusing the skin layers (transepidermal pathway) or through sweat ducts and hair
follicles. In the first case, they can permeate the skin transcellular or intercellular. The so-
lute’s molecular properties determine the access route. The lipophilic molecules prefer the
intercellular route [23]. Therefore, the FBA’s lipophilicity was evaluated to establish which
was the pathway of skin permeation. The substance’s amount permeated per unit area
and unit time (J) depends on the skin’s permeability to the permeant (Kp) and the gradient
of permeant concentration across the skin·(∆c). Kp depends on the partition coefficient
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P in the case of passive diffusion [24]. Previous studies evaluated skin permeation using
in vitro models, including pig, rat, rabbit, mouse, and synthetic membranes [25,26].

In this study, the FBA log P value was evaluated using a shake-flask approach, and
results were validated with two software to predict log P (XLOGP and ADMET). Similar
to those determined statistically, the experimental results suggested that the FBA was
a lipophilic substance. Thus, it was hypothesized that the transepidermal pathway of
penetration was the most probable. Moreover, the low molecular weight and log P value
made FBA a good candidate for skin application. Therefore, the FBA was applied at various
times (1, 2, 4 h) on porcine skin, and its concentration was determined in the epidermis
and dermis and the receptor compartment by a new validated chromatographic method.
The selectivity, linearity, precision, and accuracy were evaluated for the method validation
according to AOAC Guideline [21]. The selectivity was tested by modifying organic
solvents to obtain FBA without interfering with peaks [27]. The recovery performed the
extraction of both dermis and epidermidis at different ultrasonication times. The recovery
of 95% was considered optimal for experimental purposes. The dosage method was
validated by a correlation coefficient (r2) higher than 0.999, a sensitivity tested by measures
of the LLOQ (lowest concentration of the calibration curve) and LOD (limit of detection)
that can be quantified with accuracy (RE%) and precision (RSD%) < 20%, and an accuracy
(RE%) lower than 15%.

The results of our study suggested that FBA was not able to reach the bloodstream
so that the cosmetic properties could be attributable to butyric acid. Moreover, the low
dosage of FBA in the skin implies that the FBA quickly transforms into butyric acid. In
fact, as demonstrated in previous works [20], releasing butyrate from FBA occurs 2 h, so
the concentration founded is lower than that at 1 h. After 4 h, the degraded quantity is
constantly integrated into the epidermis by the donor compartment.

The FBA transformation into butyric acid could depend on enzymes (amidases)
produced by the skin microbiome [28,29] or the skin’s pH. The FBA has two carboxylamine
bonds: the first in the acid group of L-phenylalanine and the second between the amino
group of phenylalanine and butyric acid. In an acidic environment, the amidases could
break the amide bond and release the butyric acid. In vitro studies have shown that, in
an acidic environment, FBA releases phenylalanine and butyric acid in a time-dependent
manner [30]. Thus, it is plausible that at the acid skin’s pH, the FBA releases butyrate.
Finally, the soothing and anti-reddening effects of an emulsion containing 1.5% FBA were
tested in vivo in a skin area treated with Sodium Laureth Sulfate (SLES)-induced erythema
and results compared to a placebo cream. This FBA concentration was chosen because the
active ingredients are used in cosmetics at a variable concentration ranged from 1 to 2%.
A significant decrease of the erythema index was detected after applying the emulsion
containing FBA. The soothing and anti-reddening effects of the emulsion containing 1.5%
FBA can be caused by butyrate since the FBA does not cross the skin, and previous studies
have shown that butyrate regulates immune/inflammatory reactions in the skin [31] via
binding to its receptor, GPR43 [19,32], which modulates the production of pro-inflammatory
cytokines induced by skin injuries [32–34].

4. Materials and Methods
4.1. In Vitro Studies
4.1.1. Reagent and Chemicals

Phenylalanine butyramide (FBA) (C13H18N2O2) (234.29 g/mol) (US patent US 2011
00983.19A1; 28 April 2011) was bought by ChiroBlock® (Wolfen, Germany). Phosphate
buffered saline (PBS) was provided by Sigma Aldrich (St. Louis, MO, USA). The analytical
grade pure water (DW), acetonitrile (CAN), and ethanol (EtOH) were purchased from
Exacta + Optech (S. Prospero, MO, ITALY).
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4.1.2. Determination of Octanol/Water Partition Coefficient

Octanol−water partition coefficients of FBA were determined using a shake-flask
approach following the guidelines of the European Chemical Bureau [35]. Briefly, n-
octanol−water mixtures were first vortexed for 1 min and then shaken overnight at room
temperature (22 ± 2 ◦C) to reach the equilibrium and phase distribution. The phase ratio
was water/n octanol 4/1. FBA was dissolved in a water-saturated organic solution at a
concentration of 200 µg/mL. This solution (8 mL) was transferred to 15 mL centrifuge
tubes and added to 2 mL of pre-saturated octanol. The tubes were shaken for one hour (a
time window enough to reach equilibrium as demonstrated by preliminary experiments).
After equilibration and phase separation, FBA was analyzed by liquid chromatography
(LC) in both phases. An amount of 10 µL of the organic phase was sampled and added to
1 mL of mobile phase while the sampled aqueous phase was analyzed straight by liquid
chromatography. The partition coefficient was calculated as the organic phase ratio and
water concentration of FBA at equilibrium. Experiments were performed in triplicate.

4.1.3. Validation of Octanol/Water Partition Coefficient

The XLOGP (Atomistic and knowledge-based method calculated by XLOGP program,
version 3.2.2, courtesy of CCBG, Shanghai Institute of Organic Chemistry) and ADMET
(Simulation Plus, West Lancaster, PA, USA) programs predicted the n octanol/water
partition coefficient (log Poct/w). ADMET software result was given as log Kp*Kp (cm/h)
defined below:

Kp =
Km ∗D

h
Km is the distribution coefficient between stratum corneum and vehicle.
D is the average diffusion coefficient (cm2/h), and h is the skin thickness (cm).

4.1.4. Tissue Preparation

For permeation analysis, porcine skin, coming from the outer part of the ear, was
used. The skin was excised post-sacrifice from female and male animals (age 10–12 months,
weight 150–190 kg) from a local slaughterhouse (Avellino, Italy) within 3 h from animal
death. Subcutaneous fat was removed, and skin samples were maintained at 4 ◦C until the
experiment was performed within 24 h. The skin was put on a filter paper (Fisherbrand™
Grade 601, Fisher Scientific, Leicestershire, UK) and cut into pieces of appropriate size
before assembly in the Franz cells. The integrity of porcine skin was examined by measuring
the impedance of the skin.

4.1.5. Chromatographic Analysis for Skin Permeation Study

The quantitative determination of FBA was performed with a chromatographic system
consisted of a high performance liquid chromatographic system (LC-20 AD VP; Shimadzu
Corp., Kyoto, Japan), equipped with a 7725 Rheodyne injection valve fitted with a 20 µL
loop, and an ultraviolet (UV)–visible detector (Shimadzu Model SPD10 AV) set at λ 200 nm.
The chromatographic condition is reported in Table 4. The mobile phase solvents were
vacuum-filtered through 0.45 µm nylon membranes (Millipore, Burlington, MA USA).
Data acquisition and integration were accomplished by Cromatoplus 2011 software. Each
sample was injected three times to test the instrument repeatability.

Table 4. Chromatographic conditions.

Column Phenyl Hexyl (250 × 4.6 mm, 100 Å) (Kinetex,
USA)

Precolumn 4 × 3.0 mm; Phenomenex, CA, USA
Mobile phase ACN:DW (30:70)

UV detection λ 200 nm
Flow rate 0.5 mL/min

Retention time 5.90 ± 0.5 min
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4.1.6. Validation of FBA Extraction Method and HPLC Analysis

The AOAC guidelines were used to validate the method [21].

Selectivity

Blank samples of epidermis and dermis were blank. They were extracted at room
temperature with 1 mL of EtOH. The solutions were analyzed to verify the presence of
interfering peaks eluting at the retention time of FBA. The receptor solution of a blank
permeation experiment was analyzed too. Blanks samples were spiked with known
amounts of FBA (25, 10, and 5 µL of standard solution in ethanol 200 µg/mL). The dried
specimens were extracted with 1 mL of EtOH in various conditions. The samples were
centrifuged at 15.000 rpm for 10 min and sonicated for 6 min. The recovery of FBA from
skin layers was assessed compared to the amount applied and evaluated by injection of
spiked concentrations without skin layer samples.

The HPLC system was calibrated using standard synthetic solutions prepared by dilut-
ing the FBA in EtOH to four different concentration values ranging from 0.625 to 10 µg/mL.
A stock solution of FBA with a 2 mg/mL concentration was prepared by dissolving 2 mg
of FBA in 1 mL of ACN. Each concentration level was analyzed in triplicates. Linearity
was assessed by inspecting the detection signals as a function of analyte concentrations by
a regression line by the method of the least-squares.

Quantitative analyses were performed on matrix-matched calibration curves, peak
area vs. concentration (µg/mL). The matrix-matched calibration curves were obtained
from the analyses of blank sample extracts spiked FBA at the same range concentrations
above reported.

Sensitivity

The analytical sensitivity defines the minor concentration of a measurand that an
analytical procedure can reliably measure [36]. The lower limit of quantification (LLOQ)
and the lower detection limit (LOD) explains this validation parameter.

- LLOQ

The method’s LLOQ was the concentrations of the analytes that provided signals equal
to 10 times the noise signal of the analysis. It was evaluated on the synthetic standards and
calculated on the standard deviation of the response (SDa) of the curve and the slope of the
calibration curve (S). The standard deviation of the response was determined based on the
standard deviation of y-intercepts of regression lines.

LOQ =
SDa ∗ 10

S

- LOD

The method’s LOD was assumed as the concentrations of the analytes that provided
signals equal to 3 times the noise signal of the analysis.

LOQ =
SDa ∗ 3

S

Precision and Accuracy

The method’s precision was evaluated by running three replicate samples at four
different concentration levels. The analyses were repeated along the two different days to
cover both intra-day and inter-day precision.

The accuracy (relative error RE%) was measured as the difference between the theo-
retical amounts and the approximation and divided by the magnitude of the exact value.
The precision (RSD%) was calculated as the coefficient of variation of the back-calculated
concentrations.
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Matrix Effect

Matrix effect was calculated as follows:

Matrix effect (%) =
Peak area of analyte in a standard solution− peak area of the analyte in a sample

Peak area of analyte in a standard solution
%

All the analyses were expressed as the mean of the three analyses.

4.1.7. Skin Permeation and Retention

The FBA diffusion tests were undertaken on Franz-type vertical diffusion cells (Ø 9 mm,
5-mL receptor compartment, SES GmbH-Analyse System, Bechenheim, Germany) with an
effective diffusion area of 0.6 cm2 and receptor volume of 4 mL [37]. The total thickness
of the skin was washed three times with 1 mL of water and mounted between the two
halves of the cell with the stratum corneum facing the donor compartment. The receptor
compartment was filled with 4 mL of degassed saline solution (NaCl 0.9% w/v), while in
the donor compartment, was put 1 mL of a solution composed of 1 mg FBA dissolved in
1 mL of PBS/EtOH (70:30).

The Franz Cell system was maintained at a constant temperature of 37 ± 0.5 ◦C
through thermostatic bath circulation, while the receptor medium was constantly kept
under magnetic stirring through the experiments. At the end of the application time (1,
2, and 4 h), the skin was removed from the cell. Some aliquots were collected from the
supernatant portion and analyzed by HPLC to quantify the amounts of FBA. The skin was
wiped three times with paper soaked in distilled water, and the epidermis and dermis were
separated. The skin was cut according to the permeation area (1 cm2) and heated at 50 ◦C
with an air dryer for 30 s. Then epidermis was separated from the dermis by scraping with
a scalpel. Experiments were performed in triplicate. Epidermis and dermis samples were
placed in glass vials and extracted with 1 mL of EtOH. The samples were centrifuged at
15.000 rpm for 10 min and sonicated for 6 min. An amount of 1 mL of the samples was
filtered using a 0.45 µm polyamide (PA) filter (Sartorius AG, Goettingen, Germany) and
applied [37].

4.1.8. Permeability Calculation

The skin permeability was calculated by dividing the amount of FBA present in the
skin (epidermis and dermis) by skin surface area using the following formula:

D
( ug

cm

)
=

Amount receptor fluid + Amount skin
SSA (skin surface area)

The ratio of the total amount of PP in the receptor fluid and skin to the amount of FBA
applied was calculated to determine the total absorption rate:

Total absorption (%) =
Amount receptor fluid + Amount skin

Amount total
× 100

4.2. In Vivo Study

The revisions recognized by the European Community of the principles of the Helsinki
Declaration (1964) [38] and the Colipa Guidelines for evaluating the efficiency of cosmetic
products (May 2008) [39] were followed to perform the experimental study.

4.2.1. Study Design

An active substance with a 1.5% (1.5 × 104 µg/mL) concentration (Emulsion with
FBA) and a placebo cream were used to evaluate the FBA’s soothing action. A single-blind
study was used to evaluate the soothing action of the FBA in W/O emulsion (Emulsion
with FBA). The protocol of the Short Term Test provided the identification of three zones
(4 cm2) on the fly part of the volunteers’ arm and the induction of the erythema using
SLES at high concentration (5 mL of pure Sodium Laureth Sulfate at 30%) for 1 min,
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and successively gently cleaning with water and a tamponade tap dry with absorbent
paper. The erythema’s area was divided into three portions: placebo, emulsion with FBA
formulation, and control. The erythema index was quantified using the Colorimeter CL
400 (Courage + Khazaka electronic GmbH (Köln, Germany)) probe, which sends out white
LED light, arranged circularly to illuminate the skin uniformly. The emitted light was
scattered in all directions. Parts of it traveled through the layers, and some were scattered
out of the skin. The light reflected from the skin was measured by the probe and expressed
accordingly. The raw data of the probe were corrected with a particular color matrix as
close as possible to typical values. The measured color of the skin was expressed as an
XYZ-value (tristimulus) and was calculated into RGB values (red/green/blue) or L*a*b
related value. The parameter a* (T30′–T60′) was measured after induction of erythema (T0)
and after 30′ and 60′ from the application on the three areas. Instrumental measurements
were carried out at T = 25 ◦C ± 2◦ and controlled humidity (45 ± 5% RH) was measured
after an acclimatization period of about 30 min.

4.2.2. Study Population

Twenty healthy female volunteers (caucasian ethnicity), from all social categories,
aged 20–60 years, skin phototype: II-IV Fitzpatrick scale, who had no systemic pathologies,
and who had not applied any product on the test site in the previous seven days, were
enrolled. Excluded were pregnant or breastfeeding women, women with cutaneous hyper-
reactivity or intolerance reactions to cosmetic products/ingredients, topical or systemic
treatment with any drug that may interfere with the outcome of the test, women affected
by skin diseases (eczema, psoriasis, lesions), topical use of retinoids in the previous six
months at the start of the study or with systemic retinoids in the previous 12 months, and
topical use of products based on alpha and beta-hydroxy acids in the 30 days before the
start of the study.

The volunteers subscribed an informed consent to permit the process of the per-
sonal data and images taken during the in vivo tests for the uses permitted by D.Legs
n. 196 of 30 June 2003, and in which they declared to know the composition of the ac-
tive/formulation and no allergy to its components.

For each volunteer, a detailed form was prepared to use the samples provided by the
R&D Cosmetics center of the Pharmacy Department.

4.2.3. Cream Composition

The Emulsion with FBA contained two phases: phase O (oil phase) polyglyceryl-3
methylglucose 5.0%, cetyl alcohol 2%, and cetearyl alcohol 3%, and phase W (water phase)
containing water (88.8%), FBA (1.5%), sodium benzoate 0.5%, potassium sorbate, and
perfume (0.1%). The placebo cream contained all the ingredients without the FBA. The
creams’ components were bought at ACEF (Fiorenzuola D’Arda, Italy) and Parfum by
Farotti Essenze (Rimini, Italy). The two creams were made, homogenizing the two phases
energetically at 70 ◦C using a Silverson L5M-A Laboratory Mixer (SBL, Shanghai, China),
cooling in an ice bath, and adding the remaining components at room temperature. Finally,
the pH (5.4–5.5) and viscosity (30.203–30.406 mPa; L4, 20 rpm) were tested using a Crison
GPL20 pH-Meter (Crison, Barcelona, Spain) and a Visco Basic Plus rheometer (Fungilab,
Barcelona, Spain).

4.2.4. Statistical Analysis

Descriptive statistics were reported as means and standard deviations (SDs) for contin-
uous variables. The independent sample t-test was performed to evaluate the differences
among continuous variables. The level of significance for all statistical tests was two-sided,
p < 0.05. All data were collected in a dedicated database and analyzed by a statistician
using QSPR model implemented by Potts and Guy, 1992 Pharm. Res Swissadme® (Swiss
Institute of bioinformatics) [40] and ADME® (Simulation Plus, West Lancaster, PA, USA)
predictor software was used.
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5. Conclusions

In this study, the skin permeation, and the soothing and anti-reddening effect of the
FBA, a new odorless and rapidly absorbed by skin butyrate derivative able to release
butyric acid in the skin were tested for the first time. The results suggest that FBA could
not reach the bloodstream, and cosmetic benefits could be attributable to butyric acid.
Therefore, the FBA represents an innovative way to exploit the benefits of butyric acid in
the cosmetic field without the organoleptic limits of the latter.
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