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Stratum corneum

Located in the epidermis, the stratum corneum is the most superficial layer of the skin, acting as a barrier against
aggression from the external environment, preventing dehydration, and maintaining the water balance of the
skin. The stratum corneum contains the Natural Hydration Factor (NMF), a mixture of hygroscopic molecules
derived from filaggrin. The NMF includes 2-pyrrolidone-5-carboxylic acid (PCA), urocanic acid (UCA), and
histidine (His), target biomarkers that were extracted by tape-stripping from the stratum corneum of participants
for quantification in HPLC-PDA. By extracting the stratum corneum, we developed a protocol to optimize,
through audience definition, the quantification of NMF biomarkers. Chromatographic analysis was performed
using a YMC-Triart C18 chromatographic column, with a gradient elution of mobile phase composed of trie-
thylammonium phosphate and acetonitrile mixture, and a photodiode array detector. HPLC-PDA procedure was
selective, linear (in the range from 0.2 to 5.0 ug/mL), accurate (recovery from 92.7 to 115.1 %), precise (RSD
from 0.3 to 12.1 %), and with proper detection and quantification limits. The measurement uncertainty was
evaluated from validation data, with combined standard uncertainty values of 0.025-0.12 pg/mL (2.1-5.6 %),
0.004-0.28 pg/mL (2.4-12.6 %), and 0.016-0.16 pg/mL (3.2-7.9 %) for His, PCA, and UCA, respectively. Sta-
tistical analyses were performed using Monte Carlo simulation and the Mann-Whitney test, as our results were
not homoscedastic and deviated from normality. The results indicate that the best audience for quantifying
biomarkers were participants up to 35 years old, with all phototypes, and, preferably, female.

1. Introduction pyrrolidone-5-carboxylic acid (PCA) and urocanic acid (UCA) (Fig. 1)
[3]. In addition to these components, NMF includes lactates, urea, and
electrolytes [3]. Urea, another compound of NMF, is also a well-

established active ingredient. It has been used for many years to hy-

The stratum corneum comes from keratinocytes and makes up the
most superficial layer of the skin, located in the epidermis [1-3]. This

barrier protects the body from dehydration, maintains water balance,
and protects it from the external environment [1,2,4]. Composed of
corneocytes and an intercellular lipid bilayer matrix, the stratum cor-
neum depends on water to fulfill its functions; therefore, keeping it
within the physiological range is essential [3-5]. Corneocytes are
enucleated cells with keratin inside, in addition to amino acids and other
small molecules that, together, are called Natural Moisturizing Factor
(NMF) [3]. NMF is a mixture of highly hygroscopic molecules derived
from filaggrin, a protein that is rich in histidine (His) (Fig. 1), which
recovers keratin filaments [3,6]. Filaggrin, upon reaching the uppermost
layer of the skin, undergoes proteolysis, forming free amino acids that
will later compose NMF amino acids and their derivatives, such as 2-
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drate skin and treat dermatological disorders [7-9]. In this study, we use
a urea gel formulation as a potential stimulator for the biomarkers PCA,
UCA, and His.

Some components of NMF may be present in other tissues, such as
filaggrin. In addition to being in skin [6], filaggrin can also be found in
oral and nasal mucosa [10]. Urocanic acid is naturally present in the skin
in the trans-conformation (tUCA), and upon contact with UVB radiation,
it transforms into cis- (cUCA). In this way, urocanic acid has the function
of protecting from UVB radiation. In this study, only tUCA was consid-
ered. PCA is found in the skin as well as plasma and cerebrospinal fluid
[11]. PCA is the most hygroscopic and one of the most important com-
ponents of the NMF, corresponding to approximately 12 % of NMF [1].
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Although the components are present in different human body tissues,
only methodologies restricted to dermal analysis were considered to
enable optimization of NMF analyses. To develop this study, research by
Dapic et al. [12], Hermann and Abeck, [13]; Kezic et al. [14], and
Koppes et al. [6] were used as methodological references and adapta-
tions were made as necessary.

The literature contains various analytical procedures quantifying the
dermatological markers PCA and UCA. The most commonly used tech-
nique is high-performance liquid chromatography [5,10,11,15-18].
However, other techniques, such as Direct Analysis in Real Time
[19,20], Raman spectroscopy, and electrophoresis [15], are also
described in the literature. Although several analytical procedures are
described in the literature, studies were not found that focus on how
population characteristics (such as gender, age range, and phototype)
affect the determination of the dermatological markers in question to
optimize the analysis.

NMF represents 20-30 % of the dry weight of the stratum corneum,
which is composed of approximately 20 % water [3]. The percentage of
water present in the stratum corneum is linked to the water retention
capacity of the NMF [3]. Some studies report that low levels of NMF are
often related to dry, scaly skin, atopic dermatitis, psoriasis [5], and even
skin cancer (in the case of UCA), demonstrating the importance of
developing new approaches to detecting NMF components. In this
investigation, we aimed to develop a protocol to optimize, through
audience definition, the determination of pyrrolidone carboxylic acid,
urocanic acid, and histidine in the stratum corneum using high-
performance liquid chromatography with photodiode array detector
(HPLC-PDA).

2. Material and methods

Urea (cosmetic grade) was obtained from Petrobras (Rio de Janeiro,
Brazil), and 2-pyrrolidone-5-carboxylic acid, 4-imidazoleacrylic acid
(HPLC grade), L-histidine (analytical grade), hydrochloric acid
(analytical grade), and triethylammonium phosphate (TEAP) (analytical
grade) 1 M solution were obtained from Merck Brazil (Sao Paulo, Brazil).
Disodium EDTA was obtained from Shijiazhuang Jackchem Co. Ltd.
(Shijiazhuang, China); methylparaben was obtained from UENO Fine
Chemical (Osaka, Japan); and imidazolidinyl urea was from Wuhu
Huahai Bio. Engineering Co., Ltd. (Wuhu, China), all supplied in Brazil
by Embacaps Quimica e Farmacéutica LTDA (Sao Paulo, Brazil).
Ammonium acryloyldimethyltaurate/VP copolymer (Aristoflex® AVC)
was obtained from Clariant (Muttenz, Switzerland) and supplied in
Brazil by Pharma Special (Campinas, Brazil). Analytical Grade acetoni-
trile was obtained from Honeywell Brazil (Sao Paulo, Brazil). MilliQ®
water was obtained from a Merck apparatus.

2.1. Study sample

Twenty-four participants (7 men and 17 women) between 19 and 58
years old were enrolled in the study. None of the participants had
dermatological disorders or allergies. The study protocol was performed
following the Declaration of Helsinki (2013) [21] and was previously
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approved by the Ethics Committee of the FCF-USP (CAAE:
45264021.1.0000.0067). Furthermore, all participants were asked not
to apply any moisturizing product to the skin of their forearms for at
least 24 h before the study. The subjects remained in an environment at
room temperature (25 °C) throughout the analysis. A gel with urea was
used to stimulate skin hydration and facilitate the visualization of HPLC
of stratum corneum biomarkers during analysis. The forearm of each
participant was divided into 3 delimited areas of 2x5 cm. From these 3
randomly delimited areas, each participant provided one sample of
stratum corneum from untreated skin (control group), another sample of
stratum corneum after the application of a neutral gel (neutral group),
and another sample of stratum corneum after the application of a gel
containing 10 % urea (urea group). Urea is one of the components of
NMF, corresponding to approximately 7 % of it. When used as an active
ingredient in moisturizing formulas, urea regulates transepidermal
water loss, in addition to attracting water and maintaining skin. The gel
placebo and urea gel formulas used were prepared as described in
Table 1.

After 2 h, tape-stripping was performed using 10 tapes at each site.
To avoid sample loss, all tapes were used in quantification analysis. The
tapes were placed in Falcon tubes with 5 ml of 0.001 N HCI solution and
shaken (Merse) for 1 min, followed by an ultrasound bath (Solidteel) for
20 min. Then, the samples were filtered using a 0.22 pm filter and
analyzed (in triplicates) using a high-performance liquid chromatog-
raphy (HPLC) (Thermo Scientific Accela) equipped with a quaternary
pump, an autosampler, and a photodiode array detector (PDA detector).
A YMC-Triart C18 chromatographic column (100 x 3.0 mm, 1.9 um),
with pre-column, was used. The chromatographic runs were performed
using stepwise gradient elution. The mobile phase of TEAP 0.01 M was
used from minutes 1 to 5. However, minutes 0 to 5 were analyzed to
identify the UCA, PCA, and His markers. Between minutes 5 to 7, we
identified some interfering factors, which led us to use acetonitrile from
minutes 8 to 14 (Table 2). This prevented the interfering factors from
influencing the next reading. A 5 mL sample was injected with a flow
rate of 400 puL/mL. The samples were monitored at 210 nm for His and
PCA and at 268 nm for UCA.

2.2. Measurement with Corneometer®

Tests with a Corneometer® were conducted by an external company
with 12 people (men and women) aged 22 to 53 with phototypes Il to IV,
according to the Fitzpatrick scale. The inclusion and exclusion criteria

Table 1
The gel placebo and 10% urea gel formulas used in the stratum corneum study.

Placebo gel (neutral group) 10 % urea gel (Urea group)

Aristoflex® AVC 1.0 % 1.0%
Urea - 10.0 %
Disodium EDTA 0.1 % 0.1 %
Methylparaben 0.1 % 0.1 %
Imidazolidinyl Urea 0.5 % 0.5 %
Water q.s.p q.s.p.

His

Fig. 1. Chemical structure of 2-pyrrolidone-5-carboxylic acid (PCA), urocanic acid (UCA), and histidine (His) [29-31].
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Table 2

Gradient elution of the chromatographic runs.
Time Triethylammonium phosphate (TEAP) 1 M solution Acetonitrile
0-7 min 100 0
7-8 min* 100-0 0-100
8-14 min* 0 100

*Used for cleaning the chromatographic column after the elution of biomarkers.

were the same as those used to carry out the tape-stripping. Participants
underwent a 30 min acclimatization period at a temperature of 20 +
2 °C and relative humidity of 50 & 5 % before the start of measurements.
For this test, two sites were defined on the forearm (right or left) of each
volunteer, one for the application of the neutral gel and the other for the
gel with urea, each evaluation site measuring 3 x 3 cm. Next, baseline
corneometry measurements were performed in quintuplicate to assess
skin hydration, using a Corneometer® probe coupled to the Multi Probe
Adapter, MPA 580, equipment (CK electronics, Germany). The unit of
hydration assessment is given in arbitrary corneometric units. After the
baseline measurement, the test products were applied, and new hydra-
tion measurements were taken after 2 h in quintuplicates. A coefficient
of variation between measurements (quintuplicate per site per time) of a
maximum of 10 % was accepted. Otherwise, the measurement was
repeated.

Corneometer® was used as a reference in measuring skin hydration,
which was subsequently compared with the results of quantifying the
markers PCA, tUCA, and His by HPLC-PDA in human stratum corneum
extracted using the tape-stripping technique.

2.3. HPLC-ex vivo protocol analytical procedure validation

The HPLC-PDA procedure was validated by checking specificity,
matrix effect, linearity/linear range, trueness (recovery), precision
(repeatability and intermediate precision), carry-over, stability, and
limits of detection and quantification (LOD/LOQ), according to the ICH
guideline M10 on bioanalytical method validation and study sample
analysis [22].

To verify the method specificity, a mixture of PCA, UCA, and His, in
the presence and absence of tape-stripping (Magic Scotch), were subject
to HPLC analysis. Linearity was checked by analyzing PCA, UCA, and His
standard solution at concentrations of 0.2, 0.5, 1.0, 2.0, 4.0, 8.0, and 10
pg/mL. The HIS, PCA, and UCA standards were weighed individually
and dissolved in 0.001 N HCI. Serial dilutions were then performed to
obtained calibration solution with a pool of standards (HIS, PCA, and
UCA) at different concentrations (0.2, 0.5, 1.0, 2.0, 4.0, 8.0, and 10 pg/
mL). These standards were added to Falcon tubes containing 50 cm tapes
and sample matrix to assess the matrix effect. This effect was evaluated
by analyzing three replicates prepared using a matrix from different
sources at low (0.2 ug/mL), medium (1.0 pg/mL), and high (5.0 ug/mL)
concentrations. Recovery was determined by the ratio of the average
area of the spiked samples (at three levels - 0.2, 1.0, and 5.0 pg/mL) and
the average area of standard solutions. The standard deviations of spiked
samples (at three levels — 0.2, 1.0, and 5.0 ug/mL) were calculated to
assess the precision, with repeatability (nine replicas analyzed by same
analyst, same instrument, same day) and intermediate precision (same
instrument, same analyst, on two different days) conditions. Trueness
and precision reference values were defined from AOAC [23,24]. A
carry-over study was performed by testing a blank sample following the
highest calibration standard. The stability of sample solutions was tested
for 24 h at room temperature. The limits of detection and quantification
were estimated as 3 and 10 times, the ratio of intercept standard devi-
ation, and the slope of linear equation, respectively.

2.4. Measurement uncertainty evaluation

Measurement uncertainty evaluation was performed using a top-
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down approach based on method validation data. Combined standard
uncertainty (u.) was calculated as described in Eq. 1, based on uncer-
tainty from trueness (u,, from recovery studies of spiked simulated
samples) and uncertainty from precision (u,, from repeatability/inter-
mediate precision studies).

U = /up? +u,% =/ (R— 100)2 +sp2 (1)where R is the mean re-
covery value and s, is the standard deviation from repeatability/inter-
mediate precision.

Biomarker concentrations (PCA, UCA, and His) obtained for the urea,
control, and neutral groups for each volunteer were compared using
Monte Carlo simulation. Monte Carlo method was implemented in MS-
Excel, using the equation “=INV.NORM(RAND();X;uX)”, where X and
uX are the measured value and respective measurement uncertainty of
each biomarker (PCA, UCA, or His) from each group (urea, control, or
neutral) of each volunteer. P-value of pairwise comparisons (between
urea and control groups, urea and neutral groups, and control and
neutral groups) were obtained from 50,000 Monte Carlo simulations.

2.5. Moisturizer application and measurement protocol

The participants were acclimatized to room temperature (+/—25 °C)
for approximately 30 min. On the volar part of the forearm, local
cleaning was carried out only with a dry gaze to avoid sample loss, and
then three locations were delimited, measuring 2 x 5 cm each. To allow
the measurement of hydration itself over time, 20 mg of placebo gel
(neutral group) or 10 % urea gel (urea group) was applied on the pre-
determined sites, and the third predetermined site was kept without any
product. After 2 h, stratum corneum samples were removed from each of
the three sites with 10 strips, totaling 30 strips per volunteer. To carry
out the test, all options were considered to avoid sample loss.

3. Results and discussion

3.1. Chromatographic method for simultaneous quantification of PCA,
UCA, and His in ex vivo samples

First, samples from the tape-stripping tapes were subject to chro-
matographic analysis (Figs. 2A and 3A) to identify possible interference.
Then, stripped tapes spiked with PCA, UCA, and His reference standards
in the range from 0.2 to 10 pug/mL were subject to chromatographic
analysis (Figs. 2B and 3B). Finally, the tapes from participants were
subject to chromatographic analysis. A representative chromatogram of
stripped tapes from subjects is provided in Figs. 2C and 3C. In the results
from the chromatogram, the peaks associated with dermal markers
could be distinguished from the interfering peaks through different
retention times. Therefore, the method presented satisfactory speci-
ficity. Using previous studies as a reference [5,25], the peaks after a
retention time of 6 min were considered interfering; thus, we chose to
use a gradient with acetonitrile to avoid possible errors in the following
analyses. To keep the column free from interference, acetonitrile was
used after 8 min of running, therefore, the peaks presented after this
time are related to it. For this reason, chromatograms with standards
and samples from subjects were not analyzed after 8 min.

The HPLC-PDA ex vivo procedure was validated considering the
specificity, matrix effect, linearity, trueness (recovery), precision
(repeatability and intermediate precision), carry-over, stability, and
LOD/LOQ according to criteria defined by AOAC and ICH guidelines
(Table 3) [22-24]. No analyte response alteration was detected due to
interfering components in the sample matrix. Table 3 presents the
regression equations (Y) and the coefficient of determination (R2) ob-
tained for His, PCA, and UCA in the 0.25 to 10 ug/ml range. The values
demonstrated that the linear model used was adequate since the coef-
ficient of determination was greater than 0.99. The accuracy of the
method for concentrations from 0.2 to 5.0 pg/ml, according to the AOAC
[24], must be between 75 and 120 %. The mean recovery values
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Fig. 2. Chromatogram in a short run (8 min) of 268 nm: A) isolated tape-stripping; B) UCA standards (1 pg/ml) in the presence of the tape; C) participant’s tape-

stripping skin (without the presence of gel).
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Fig. 3. Chromatogram in a short run (8 min) of 210 nm: A) isolated tape-stripping; B) PCA and His standards (1 ug/ml) in the presence of the tape; C) participant’s

tape-stripping skin (without the presence of gel).

obtained at different concentrations for His, PCA, and UCA were within
the value required by AOAC, ranging from 100.2 to 102.1 % for His, 99.3
to 103.6 % for PCA, and 98.3 to 105.6 % for UCA (Table 3). According to
the AOAC Guidelines [24], relative standard deviation (RSD) under
repeatability and intermediate precision conditions should be less than 8
and 16 %, respectively. Thus, the values obtained for the three analytes
at different levels revealed that the HPLC-PDA procedure was precise
(1.3-5.2 %, 0.3-12.1 %, and 0.3-5.6 % for His, PCA, and UCA, respec-
tively). Sample solutions were stable for at least 24 h at room temper-
ature. Carry-over in the blank sample followed by the highest calibration
standard was below 5 %. The LOD and LOQ were estimated to be 3 to 6
times, respectively, of the ratio of the standard deviation of the intercept
at the linear search orientation. A summary of validation data is pro-
vided in Table 3.

3.2. Measurement uncertainty evaluation

Measurement uncertainty (i.e., total error) values were found to be
0.025-0.12 pg/mL (2.1-5.6 %), 0.004-0.28 pg/mL (2.4-12.6 %), and
0.016-0.16 pg/mL (3.2-7.9 %) for His, PCA, and UCA, respectively. Bias
uncertainty contributed to 1-58 % of overall uncertainty, while the
precision uncertainty component was responsible for 42-99 % of overall
uncertainty. Concentrations of His, PCA, and UCA obtained from the
tape-stripping of participants were expressed with expanded measure-
ment uncertainty value, considering a 95 % coverage level (k = 2).

3.3. Detailed evaluation of HPLC-ex vivo protocol according to the
volunteers’ profile

The results obtained by both the Corneometer and the HPLC-ex-vivo
protocol did not demonstrate, in general, that urea has a moisturizing
effect when vehiculated in this type of gel. A summary of Corneometer
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Table 3

Summary of validation data results of specificity, linearity, trueness, precision, and LOD/LOQ.
Parameter Criteria His PCA UCA
Specificity No interference of stripping tape on the No interference No interference No interference

Matrix effect

Linearity /Linear range

Trueness (recovery)

Precision (RSD)
Repeatability /
Intermediate precision

Carry-over
Stability

LOD*
LOQ*

determination of His, PCA, and UCA
No analyte response alteration due to
interfering components in the sample matrix

Linear equation
R2 > 0.99 /0.2 to 10 pg/mL

0.2 pg/ml: 75-120 %
1.0 pg/ml: 75-120 %
5.0 pg/ml: 75-120 %

0.2 ug/ml: 8% /16 %
1.0 pg/ml: 8 % / 16 %

5.0 pg/ml: 8 % / 16 %
Carry-over below 5 %

Sample solution stable for 24 h at room

temperature

No matrix effect

Y=8800 + 135183X
R2 =0.9999 /

0.2 to 10 pg/mL
100.2 % (RSD=2.7 %)
98.3 % (RSD=1.1 %)
102.1 % (RSD=0.9 %)

1.7%/21%

1.4%/1.4%

1.3%/52%

<5%

Sample solution stable for 24 h
at room temperature

0.03 pg/ml

0.1 ug/ml

No matrix effect

Y=-780 + 36230X
R2=10.9999 /0.2 to 10 ug/mL

103.6 % (RSD=2.7 %)
102.2 % (RSD=3.9 %)
99.3 % (RSD=0.4 %)

3.5%/12.1%

4.6%/2.0%

03%/23%

<5%

Sample solution stable for 24 h
at room temperature

0.09 pg/ml

0.3 pg/ml

No matrix effect

Y=26032 + 513058X
R2 =0.9999 /0.2 to 10 pg/mL

105.6 % (RSD=3.3 %)
98.6 % (RSD=0.5 %)
98.3 % (RSD=0.4 %)

4.8% /5.6 %

0.3% /4.9%

03%/27%

<5%

Sample solution stable for 24 h
at room temperature

0.06 pg/ml

0.2 ug/ml

*The limits of detection and quantification were estimated as 3 and 10 times, respectively, for the ratio of intercept standard deviation and the slope of linear equation.

and HPLC-ex-vivo protocol results is presented in Table 4. These results
led to the design of a more precise protocol for this test, in which we
segmented the subjects’ results into gender, phototype, and age group
(up to 35 years old and over 35 years old). The phototype was separated
according to the Fitzpatrick scale, considering low-value phototype I to
IV and high-value V to IV [26]. In this study, we only worked on tUCA;
however, the presence of cUCA may influence the results, as the par-
ticipants may have had different sun exposure times.

As the data showed deviations from normality and lack of homo-
scedasticity, we compared the results using two different approaches.
The first approach was the Monte Carlo simulation, where the values
presented involve the concentration of each biomarker (His, PCA, or
UCA, in pg/mL) for each volunteer, followed by the standard deviation
value (Table 5). The second approach employed the non-parametric
Mann-Whitney test, where p-values are presented and considered a
significance of 5 % (95 % confidence level) (Table 6).

Considering the gender comparisons, the concentration of His was
significantly different (p-value < 0.05) between the control and neutral
groups for 100 % (17 in 17) of females and 43 % (3 in 7) and males.
Comparing the control and urea groups, the difference in the concen-
tration of His was significant (p-value < 0.05) for 76 % (13 in 17) of
females and 100 % (7 in 7) of males. When comparing the neutral and
urea groups, the difference in the His concentration was significant (p-
value < 0.05) for 100 % (17 in 17) of females and 71 % (5 in 7) of males.
Furthermore, the concentration of PCA was significantly different (p-
value < 0.05) between the control and neutral groups for 82 % (14 in 17)
of females and 86 % (6 in 7) of males. When comparing the control and
urea groups, the difference in PCA concentrations was significant (p-
value < 0.05) for 76 % (13 in 17) of females and 71 % (5 in 7) of males.
The comparison between neutral and urea groups indicated that the
difference in the PCA concentration was significant (p-value < 0.05) for
82 % (14 in 17) of females and 71 % (5 in 7) of males. Finally, in the
comparison between genders, the concentration of UCA was signifi-
cantly different (p-value < 0.05) between the control and neutral groups

Table 4

Summary of Corneometer and HPLC-ex vivo protocol results.
Parameter Urea vs. Neutral group response (IC 95 %) (n) p-valor
Corneometer 0.285 (—1.85; 2.83) (12) 0.931
HPLC-ex vivo protocol
— histidine 0.1076 (—0.0732; 0.2687) (24) 0.244
— PCA 0.2394 (—0.2632; 0.6506) (24) 0.348
— UCA 0.0468 (—0.0536; 0.1707) (24) 0.327

for 76 % (13 in 17) of females and 57 % (4 in 7) of males. In the com-
parison of the control and urea groups, the difference in the concen-
tration of UCA was significant (p-value < 0.05) for 82 % (14 in 17) of
females and 43 % (3 in 7) of males. When comparing the neutral and
urea groups, the difference in the UCA concentration was significant (p-
value < 0.05) for 82 % (14 in 17) of females and 43 % (3 in 7) of males.

We also compared the medians of biomarker concentration for the
control, neutral, and urea groups considering gender. The comparisons
of the concentrations of His between females and males were not sig-
nificant when divided by the control (p-value = 0.057), neutral (p-value
= 0.228), or urea (p-value = 0.066) groups. For PCA, the comparisons
between females and males were not significant when divided by the
control (0.446), neutral (p-value = 0.899), and urea groups (p-value =
0.253). Finally, the comparisons of the concentrations of UCA between
females and males were not significant when divided by the control (p-
value = 0.568), neutral (p-value = 0.374), or urea (p-value = 1.000)
groups. Analyzing the concentrations of biomarkers (His, PCA, and
UCA) according to gender elucidated that females tend to respond better
to this type of study. The box-plot graphs for gender (female and male)
comparisons were presented in Fig. 4A.

In the second section, the results obtained from the participants were
compared according to their respective phototypes. The concentration
of His was significantly different (p-value < 0.05) between the control
and neutral groups for 80 % (16 in 20) of lower values of phototypes and
100 % (4 in 4) of higher values of phototypes. When comparing the
control and urea groups, His concentration was significantly different (p-
value < 0.05) for 80 % (16 in 20) of lower phototypes and 100 % (4 in 4)
of higher phototypes. The comparison between the neutral and urea
groups indicated that His concentration was significantly different (p-
value < 0.05) for 90 % (18 in 20) of lower phototypes and 100 % (4 in 4)
of higher phototypes. Furthermore, the concentration of PCA was
significantly different (p-value < 0.05) between the control and neutral
groups for 85 % (17 in 20) of lower phototypes and 75 % (3 in 4) of
higher phototypes. The comparison between the control and urea groups
indicated that the PCA concentration was significantly different (p-
value < 0.05) for 75 % (15 in 20) of lower phototypes and 75 % (3 in 4)
of higher phototypes. When comparing the neutral and urea groups, the
PCA concentration was significantly different (p-value < 0.05) for 80 %
(14 in 20) of lower phototypes and 75 % (3 in 4) of higher phototypes.
Finally, the UCA concentration was significantly different (p-value <
0.05) between the control and neutral groups for 70 % (14 in 20) of
lower phototypes and 75 % (3 in 4) of higher phototypes. The com-
parison between the control and urea groups indicated that UCA
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Table 5
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Concentration of His, PCA, and UCA and their respective measurement uncertainty (expressed as expanded uncertainty, with a 95 % confidence level, k = 2) for 24
participants with different gender, phototype, and age (phototype values — low: I-IV and high: V-VI; and age: A<35 years old and B>35 years old).

Gender Phototype Age His (ug/ml) PCA (pg/ml) UCA (pg/ml)
Control Neutral Urea Control Neutral Urea Control Neutral Urea
Female Low values B 1.31 (0.03) 1.38 (0.03) 1.12 (0.02) 2.40 (0.07) 2.70 (0.08) 2.37 (0.07) 0.41 (0.03) 0.52 (0.04) 0.46 (0.04)
Male Low values B 1.12 (0.02) 0.98 (0.02) 1.10 (0.02) 2.05 (0.06) 2.11 (0.06) 2.50 (0.07) 0.30 (0.02) 0.34 (0.03) 0.48 (0.04)
Male Low values B 0.75 (0.02) 0.98 (0.02) 0.75 (0.02) 1.60 (0.05) 2.07 (0.06) 1.68 (0.05) 0.59 (0.05) 0.76 (0.06) 0.63 (0.05)
Male Low values B 0.51 (0.01) 0.61 (0.01) 0.46 (0.01) 2.11 (0.06) 2.65 (0.08) 2.00 (0.06) 0.70 (0.06) 0.90 (0.07) 0.71 (0.06)
Male Low values A 0.31 (0.01) 0.52 (0.01) 0.31 (0.01) 1.02 (0.03) 2.12 (0.06) 1.47 (0.04) 0.23 (0.02) 0.51 (0.04) 0.34 (0.03)
Male Low values A 2.80 (0.06) 2.00 (0.04) 0.60 (0.01) 4.27 (0.13) 3.39 (0.10) 1.14 (0.03) 0.33 (0.03) 0.23 (0.02) 0.04 (0.01)
Female Low values A 1.56 (0.03) 2.10 (0.05) 2.20 (0.05) 3.31 (0.10) 4.67 (0.14) 4.78 (0.14) 0.49 (0.04) 0.64 (0.05) 0.64 (0.05)
Male High values B 0.52 (0.01) 0.69 (0.01) 0.63 (0.01) 0.74 (0.09) 0.98 (0.12) 0.81 (0.10) 0.10 (0.01) 0.17 (0.01) 0.15 (0.01)
Male Low values B 0.62 (0.01) 0.48 (0.01) 0.51 (0.01) 1.99 (0.06) 1.90 (0.06) 2.49 (0.07) 0.41 (0.03) 0.52 (0.04) 0.86 (0.07)
Male Low values B 1.88 (0.04) 2.33 (0.05) 1.32(0.03) 2.12 (0.06) 2.44 (0.07) 1.36 (0.04) 0.33 (0.03) 0.33 (0.03) 0.17 (0.01)
Female Low values B 0.52 (0.01) 0.50 (0.01) 0.42 (0.01) 1.79 (0.05) 1.92 (0.06) 1.53 (0.05) 0.17 (0.01) 0.18 (0.01) 0.20 (0.02)
Male Low values A 0.37 (0.01) 0.46 (0.01) 0.60 (0.01) 0.71 (0.09) 1.01 (0.03) 1.46 (0.04) 0.06 (0.01) 0.10 (0.01) 0.21 (0.02)
Male High values B 1.96 (0.04) 2.09 (0.05) 2.51 (0.05) 3.75(0.11) 4.16 (0.12) 5.01 (0.12) 0.88 (0.07) 1.00 (0.08) 1.01 (0.05)
Male High values B 0.39 (0.01) 0.45 (0.01) 0.31 (0.01) 1.96 (0.06) 2.69 (0.08) 1.58 (0.05) 0.61 (0.05) 0.95 (0.08) 0.46 (0.04)
Male Low values A 0.49 (0.01) 0.71 (0.02) 0.40 (0.01) 1.79 (0.05) 2.54 (0.08) 1.30 (0.04) 0.40 (0.03) 0.61 (0.05) 0.27 (0.02)
Female Low values B 2.43 (0.05) 1.35 (0.03) 2.14 (0.05) 3.82(0.11) 2.17 (0.06) 3.43(0.1) 0.65 (0.05) 0.32 (0.03) 0.55 (0.04)
Female Low values B 1.22 (0.03) 1.27 (0.03) 1.33 (0.03) 2.15 (0.06) 2.33 (0.07) 2.72 (0.08) 0.24 (0.02) 0.27 (0.02) 0.33 (0.03)
Male Low values B 0.45 (0.01) 1.48 (0.03) 0.93 (0.02) 1.96 (0.06) 7.13 (0.17) 4.88 (0.15) 0.68 (0.05) 2.51 (0.13) 1.74 (0.09)
Female Low values B 0.88 (0.02) 1.55 (0.03) 1.18 (0.03) 1.58 (0.05) 2.87 (0.09) 2.30 (0.07) 0.41 (0.03) 0.77 (0.06) 0.58 (0.05)
Male Low values B 0.92 (0.02) 1.94 (0.04) 2.06 (0.04) 2.56 (0.08) 4.78 (0.14) 5.04 (0.12) 0.71 (0.06) 1.38 (0.07) 1.28 (0.07)
Female Low values B 1.23 (0.03) 1.22 (0.03) 1.08 (0.02) 1.96 (0.06) 1.99 (0.06) 1.90 (0.06) 0.53 (0.04) 0.58 (0.05) 0.57 (0.05)
Male High values A 0.68 (0.01) 0.38 (0.01) 0.46 (0.01) 1.75 (0.05) 1.01 (0.03) 1.36 (0.04) 0.42 (0.03) 0.26 (0.02) 0.34 (0.03)
Male Low values B 0.85 (0.02) 0.75 (0.02) 0.91 (0.02) 2.78 (0.08) 2.53 (0.08) 2.52(0.08) 0.76 (0.06) 0.70 (0.06) 0.99 (0.08)
Male Low values B 1.17 (0.03) 1.34 (0.03) 1.16 (0.03) 2.37 (0.07) 2.76 (0.08) 2.46 (0.07) 0.69 (0.06) 0.87 (0.07) 0.33 (0.03)
Table 6
Statistical comparisons (p-values*) for the concentration of His, PCA, and UCA for the 24 participants with different gender, phototype, and age.
Gender  Phototype Age  His (p-values) PCA (p-values) UCA (p-values)
Control vs. Control vs. Neutral vs. Control vs. Control vs. Neutral vs. Control vs. Control vs. Neutral vs.
Neutral Urea Urea Neutral Urea Urea Neutral Urea Urea
Female Low values B 0.0661 0.0000 0.0000 0.0028 0.3622 0.0011 0.0164 0.1453 0.1340
Male Low values B 0.0000 0.2165 0.0001 0.2201 0.0000 0.0000 0.1769 0.0002 0.0012
Male Low values B 0.0000 0.4864 0.0000 0.0000 0.1291 0.0000 0.0128 0.2778 0.0467
Male Low values B 0.0000 0.0002 0.0000 0.0000 0.1036 0.0000 0.0149 0.4554 0.0200
Male Low values A 0.0000 0.3144 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0001
Male Low values A 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0013 0.0000 0.0000
Female Low values A 0.0000 0.0000 0.0531 0.0000 0.0000 0.2839 0.0063 0.0067 0.4967
Male High B 0.0000 0.0000 0.0025 0.0599 0.3019 0.1391 0.0000 0.0003 0.2210
values
Male Low values B 0.0000 0.0000 0.0068 0.1455 0.0000 0.0000 0.0142 0.0000 0.0000
Male Low values B 0.0000 0.0000 0.0000 0.0004 0.0000 0.0000 0.4554 0.0000 0.0000
Female Low values B 0.1880 0.0000 0.0000 0.0445 0.0002 0.0000 0.2828 0.0705 0.1870
Male Low values A 0.0000 0.0000 0.0000 0.0006 0.0000 0.0000 0.0000 0.0000 0.0000
Male High B 0.0234 0.0000 0.0000 0.0084 0.0000 0.0000 0.1236 0.0620 0.4520
values
Male High B 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0042 0.0000
values
Male Low values A 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0003 0.0000
Female Low values B 0.0000 0.0000 0.0000 0.0000 0.0047 0.0000 0.0000 0.0595 0.0000
Female Low values B 0.1077 0.0036 0.0754 0.0240 0.0000 0.0003 0.1410 0.0020 0.0328
Male Low values B 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Female Low values B 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0019 0.0077
Male Low values B 0.0000 0.0000 0.0276 0.0000 0.0000 0.0867 0.0000 0.0000 0.1520
Female Low values B 0.3708 0.0000 0.0000 0.4004 0.2187 0.1516 0.2251 0.2884 0.4210
Male High A 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0270 0.0075
values
Male Low values B 0.0000 0.0104 0.0000 0.0128 0.0103 0.4698 0.2319 0.0087 0.0011
Male Low values B 0.0000 0.4243 0.0000 0.0002 0.1813 0.0032 0.0221 0.0000 0.0000

*p-values were determined using Monte Carlo simulations based on the comparisons of the concentration values and their respective measurement uncertainty values.

Group A indicates age < 35, and Group B>35.

concentration was significantly different (p-value < 0.05) for 70 % (14
in 20) of lower phototypes and 75 % (3 in 4) of higher phototypes.
Comparing the neutral and urea groups indicated that UCA concentra-
tion was significantly different (p-value < 0.05) for 75 % (15 in 20) with
lower phototypes and 50 % (2 in 4) of participants with higher
phototypes.

When comparing the medians of biomarker concentrations in the
control, neutral, and urea groups, considering the phototypes, none of
the comparisons was statistically different. The p-values for the com-
parisons of the His concentration between lower and higher phototypes
were 0.561, 0.201, and 0.462 when divided by the control, neutral, and
urea groups, respectively. When comparing the PCA concentrations
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Fig. 4. Box-plot graphs of HIS, PCA, and UCA concentration by (a) gender
(female and male), (b) age (groups A and B), and (c) phototype (low and high).

between lower and higher phototypes, the p-values were 0.416, 0.510,
and 0.333, when divided by the control, neutral, and urea groups,
respectively. Finally, the p-values for the comparisons of the UCA con-
centration between lower and higher phototypes were found to be
0.670, 1.000, and 0.727, when divided by the control, neutral, and urea
groups, respectively. In this second section, no statistical significance
was observed in the comparisons between the medians. However, there
was a slight tendency toward more significant results in subjects with
higher phototype values. As the difference between the lower and higher
phototype groups was small, and as the group of participants with a
higher phototype was small, it was not possible to verify any difference
between the groups. The comparisons between low and high phototype
were presented in Fig. 4B.

In the last section, the results were compared according to two age
groups: up to 35 years old (group A) and over 35 years old (group B). The
concentration of His was significantly different (p-value < 0.05)
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between the control and neutral groups for 100 % (5 in 5) of group A and
79 % (15 in 19) of group B. When comparing the control and urea
groups, His concentration was significantly different (p-value < 0.05) for
80 % (4 in 5) of group A and 84 % (16 in 19) of group B. The comparison
between the neutral and urea groups indicated that the His concentra-
tion was significantly different (p-value < 0.05) for 100 % (5 in 5) of
group A and 89 % (17 in 19) of group A. In addition, the PCA concen-
tration was significantly different (p-value < 0.05) between the control
and neutral groups for 100 % (5 in 5) of group A and 79 % (15 in 19) of
group B. The comparison between the control and urea groups indicated
that the PCA concentration was significantly different (p-value < 0.05)
for 100 % (5 in 5) of group A and 68 % (13 in 19) of group B. When
comparing the neutral and urea groups, the PCA concentration was
significantly different (p-value < 0.05) for 100 % (5 in 5) of group A and
74 % (14 in 19) of group B. Finally, the UCA concentration was signif-
icantly different (p-value < 0.05) between the control and neutral
groups for 100 % (5 in 5) of group A and 63 % (12 in 19) of group B. The
comparison between control and urea groups indicated that UCA con-
centration was significantly different (p-value < 0.05) for 100 % (5 in 5)
of group A and 63 % (12 in 19) of group B. When comparing the neutral
and urea groups, UCA concentration was significantly different (p-value
< 0.05) for 100 % (5 in 5) of group B and for 63 % (12 in 19) of group B.

Some statistical differences were found in medians of biomarker
concentrations in the control, neutral, and urea groups, considering the
age groups. The p-values for the comparisons of His concentration be-
tween groups A and B were found to be 0.115 and 0.118, when divided
by the control and neutral groups, respectively. However, the p-value for
the comparisons of His concentration between group A and group B was
significant (p-value = 0.013), when divided by the urea group. When
comparing the PCA concentrations between groups A and B, the p-values
were found to be 0.155 and 0.320, when divided by the control and
neutral groups, respectively. However, the p-value for the comparisons
of PCA concentration between groups A and B was significant (p-value
= 0.004), when divided by the urea group. Finally, the p-values for the
comparisons of UCA concentration between groups A and B were found
to be statistically significant (0.047, 0.047, and 0.028, when divided by
the control, neutral, and urea groups, respectively). Considering these
results, we can conclude that, even though it is a small sample, people up
to 35 years old seemed to respond better to this study. The box-plot
graphs for age (groups A and B) comparisons were presented in Fig. 4C.

The results demonstrate that the public that responded best to the
study were people age 35 or under, with all skin types and, preferably,
females. The fact that participants under 35 years of age responded
better to the study may be related to a greater natural concentration of
biomarkers in the stratum corneum of this population. Although not yet
fully elucidated, studies indicate that hormonal factors tend to reduce
the concentration of NMF after the age of 40-50, especially in post-
menopausal females [27]. As we noticed that the urea gel did not in-
crease skin hydration, as verified in the Corneometer and HPLC tests,
these markers remained low throughout the study period. Previous
studies demonstrate that hydrated skin has a greater concentration of
PCA, the largest component in NMF [28]. Previous studies indicate that
female skin can vary its hydration naturally up to 40 years [27]. In the
case of males, hydration tends to remain stable until the age of 50, and
after that, it begins to lose its water retention capacity [27]. This allows
us to conclude that the slight trend shown by females may be related to
age and, consequently, a greater concentration of biomarkers generating
greater dermal hydration.

4. Conclusions

Optimizing biomarker quantification techniques through the devel-
opment of a protocol allows studies to be more assertive and provide an
understanding of certain pathologies. Although some results indicated
limitations due to the number of participants, we obtained significant
responses for the improvement of a protocol for quantifying the
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biomarkers His, PCA, and UCA by HPLC-PDA from the human stratum
corneum ex vivo. The statistical analyses indicate that the best audience
for quantifying dermal markers were people up to 35 years old, of all
phototypes, and preferably females. The fact that urea gel samples did
not present statistically relevant results is a limiting factor in studies
involving dermatological changes. Future investigations should seek a
better understanding of the hydration of the gel containing urea in the
stratum corneum and expand the audiences with different phototypes.
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