To order reprints or e-prints of JDD articles please contact sales@jddonline.com
doi:10.36849/JDD.8172
141

MARCH 2024 VOLUME 23 ¢ ISSUE 3

CoPYRIGHT © 2024 ORIGINAL ARTICLE JOURNAL OF DRUGS IN DERMATOLOGY

Natural Moisturizing Factor-Enriched Formulations
Compared to a Ceramide-Based Cream

Hilary E. Baldwin MD,* Craig Arrowitz,® James Del Rosso DO¢

*Hilary Baldwin, Acne Treatment and Research Center, Brooklyn, NY
*Beiersdorf Inc., Florham, NJ

‘Dermatology Research Center, Las Vegas, NV

ABSTRACT

Background: \We aimed to investigate the effects of 2 ceramide plus natural moisturizing factorenriched formulations compared to a
ceramide-based cream on skin moisturization.

Methods: Two double-blinded comparative studies were conducted, which enrolled 35 (n=29 females, n=6 males) and 33 (n=21
females, n=12 males) participants, respectively. Participants applied ceramide plus natural moisturizer cream or ceramide-based cream
(study 1) or applied ceramide plus natural moisturizing factor lotion or ceramide-based cream (study 2) to each of their lower legs for 10
days with a b-day regression period (no moisturizer applied). Skin hydration by corneometry after bilateral application was conducted
once daily for each leg in both groups.

Results: An increase in corneometer units vs baseline for the ceramide plus natural moisturizing factor-enriched cream and natural
moisturizing factor-enriched lotion were greater than the increase vs baseline for the ceramide-based cream at days 10 and 15; with an
overall statistical significance in favor of the ceramide plus natural moisturizing factorenriched formulations at day 10.

Conclusions: The marked improvement in skin moisturization following utilization of the ceramide plus natural moisturizing
factorenriched cream and lotion compared to the ceramide-based cream can be attributed to the inherent properties of the natural
moisturizing factors. These properties are known to maintain the humectancy and intercellular lipid membrane of the stratum corneum,

which directly improves the permeability barrier function of human skin in reducing transepidermal water loss.
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INTRODUCTION

he skin is a complex barrier composed of tightly packed

junctions consisting of 3 parts: stratified epidermis,

dermis, and subcutaneous tissue." A primary function
of the skin is to maintain a physical barrier against external
exposures, preventing entry of harmful substances and
maintaining physiologic water content.! The permeability
barrier function of the epidermis prevents excessive fluid gain or
loss from the body occurring within the stratum corneum (SC),
the outer portion of the epidermis, which is collectively active in
maintaining multiple skin barrier functions necessary to sustain
healthy skin.?2 When the skin is compromised by exogenous
and/or external environmental exposures, permeability barrier
function is impaired. This leads to increased transepidermal
water loss (TEWL), which predisposes the skin to adverse
sequelae of xerosis; microfissuring; decreased resiliency;
natural elastic recoil, scaling, and hyperkeratosis; and an
increased risk of microbial infections.?* The water content
inside the SC is essential to maintaining the structural and
functional integrity of the skin and the multiple functions of the
skin barrier.?®
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The SC usually is described as a brick-and-mortar complex filled
with keratin cells and a lipid matrix, which sounds fixed in its
structure, but is dynamic, responds to exposures, and corrects
itself with innate repair mechanisms.267 Specific enzymes in
the epidermis act on phospholipids to synthesize ceramides,
free fatty acids, and cholesterol in a physiologic ratio of relative
concentrations, thus regulating the permeability and structural
functions of the SC.%° Ceramides are the predominant lipid
of the SC, making up approximately 50% of the intracellular
content by mass." However, the SC contains additional key
elements associated with barrier functionality, including urea,
lactic acid, and filaggrin-derived amino acids and amino
acid metabolites (ie, pyrrolidone carboxylic acid [PCA] and
urocanic acid [UCA])." These components, known collectively
as the natural moisturizing factor (NMF), are important in
regulating SC homeostasis. They act as “nature’s humectant”
to retain physiologic epidermal water content and maintain the
structural integrity of keratin bundles in corneocytes essential
for reducing TEWL."? Importantly, other hydrolytic enzymes in
the SC are responsible for desmolytic activity, which allows for
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the invisible process of normal skin desquamation via individual
separation of corneocytes. When there is diminished SC water
content below a physiologic level, these hydrolytic enzymes
function sub-optimally, leading to incomplete separation and
clumping of individual corneocytes, which can be perceived
visibly as scaling.?

Topical skincare products, including creams, lotions, and
ointments have been widely used to protect and maintain skin
barrier structure and function. A major emphasis of optimized
moisturizer formulations has been to incorporate ingredients
that reduce TEWL (occlusives, NMFs) and to replenish and/or
support functional components (NMFs, ceramides antioxidants,
others).*'* Due to their established major importance in skin
barrier functions, and their impairment and/or quantitative
decrease in several environmental or disease-associated
scenarios, ceramides are frequently included ingredients
in many topical skin moisturizers; many formulations also
contain NMFs to further enhance the maintenance of skin
barrier function by including compounds found in the innate
epidermal barrier.*314

In the present study, we describe the head-to-head clinical
comparison of 2 ceramide plus NMF-enriched formulations
(cream and lotion) and a ceramide-based formulation (cream)
on skin hydration in 2 double-blinded comparative studies after
10 days of daily bilateral application followed by 5 days of no
moisturizer use for regression analysis.

MATERIALS AND METHODS

Test Products

Study 1: Moisturizer A, Ceramide plus natural moisturizing
factor-enriched cream (Eucerin Advanced Repair Cream,
Beiersdorf Inc.); Moisturizer B, Ceramide-based cream (CeraVe
Moisturizing Cream, L'Oreal Group).

Study 2: Moisturizer C, Ceramide plus natural moisturizing
factor-enriched lotion (Eucerin Advanced Repair Lotion,
Beiersdorf Inc.); Moisturizer B, Ceramide-based cream (CeraVe
Moisturizing Cream, L'Oreal Group).

Institutional Review Board

Prior to participant enrollment for the study, the protocol and
informed consent form (ICF) for this study were reviewed and
approved by IntegReview Institutional Review Board (IRB)
on September 26, 2016. IntegReview IRB, located in Austin,
Texas, is a duly constituted IRB under Title 21 Code of Federal
Regulations (CFR) Parts 50 and 56.

Informed Consent

Written informed consent conforming to 21 Code of Federal
Regulations (CFR) 50.25 was obtained from each adult participant
(at least 18 years old) or the parent/guardian of each minor
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participant (under the age of 18 years) prior to enroliment in the
study.The original signed ICF for each patient participating in the
study was retained in the study file and each patient received a
copy of the signed form.

Study Design

Both studies were bilateral and double-blinded and were
conducted from October 5, 2016, to November 2, 2016, at the
Thomas J. Stephens & Associates, Inc. Colorado Research
Center, Colorado Springs, Colorado.

Participants

Study 1: The first study included 35 participants (Male, n=6;
Female, n=29) ages 16-70 years old (Mean, 57.1); 25% of the
group (n=9) had mild dryness on the legs, and approximately
75% (n=26) had moderate-to-severe dryness on the legs.

Study 2: The second study included 33 participants (Male, n=12;
Female, n=21) ages 16-70 years old (Mean, 50.9). Approximately
50% of the group (n=16) had mild dryness, and approximately
50% (n=17) had moderate-to-severe dryness on the legs.

Test Area and Application Procedures

Study 1:During the 10-day usage period of the study, participants
applied Moisturizer A on the randomly assigned (right or
left) leg and Moisturizer B on the opposite leg, once daily as
directed. After 10 days, participants discontinued the use of the
moisturizer and participated in a 5-day regression period during
which time no moisturizer was applied.

Study 2:During the 10-day usage period of the study, participants
applied Moisturizer B on the assigned (right or left) leg and
Moisturizer C on the opposite leg, once daily as directed. After
10 days, participants discontinued the use of the moisturizer and
participated in a 5-day regression period during which time no
moisturizer was applied.

Enrollment Procedures

Prior to the start of the study, potential participants were
screened over the telephone for eligibility criteria. Female
and male participants between ages 16 and 70 years old were
scheduled for eligibility screening at the clinic. Prospective
participants were advised not to shave their legs and to avoid
the application of any topical moisturizing product and use of
cleansers with moisturizing properties on the legs for at least 3
days prior to visit 1.

At visit 1 (baseline), each prospective participant or the parent/
guardian of minor prospective participants read and signed
the informed consent form after the nature of the study was
explained and any study-related questions were answered.
Minor prospective participants (under the age of 18 years)
signed an assent form indicating their agreement to participate
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in the study. In addition, prospective participants or parents/
guardians completed an eligibility and health questionnaire.
Prospective participants who signed the initial paperwork were
assigned a screening number.

Prospective participants acclimated to ambient temperature and
humidity conditions for at least 15 minutes prior to participating
in clinical procedures. During the study, applicable waiting/
instrumentation rooms were maintained at a temperature of
68°F to 75°F and relative humidity from 35% to 65%.

Application of Moisturizers

Participants were distributed pre-weighed units of the test
material and instructed to apply it to each leg according to the
following instructions:

e Apply a sufficient amount of moisturizer (about the size
of a half-dollar coin) to the appropriate leg (starting at the
kneecap and down to the ankle) once daily in the evening
for 10 days. Please make sure the moisturizer covers
the entire lower leg area. Wash and dry hands between
applications of each test material (one moisturizer per leg)
to avoid cross-contamination of the sites.

Regression Period

After completion of the day 10 procedure, participants were
instructed not to shave their legs, apply any moisturizing
products, or use cleansers with moisturizing effects on the legs
for a 5-day regression period during which no moisturizer was
used.

H.E. Baldwin, C. Arrowitz, J. Del Rosso

Corneometer Measurements

At baseline, day 10, and day 15, triplicate corneometer (CM 825,
Courage & Khazaka, Germany) measurements were taken on
both legs of each participant at the midline between the knee
and ankle of the lateral side.

Statistical Analysis

Triplicate corneometer measurements for each participant,
location, and time point were averaged prior to statistical
analysis. All results are presented as the percent mean change
from baseline. Significance of mean change from baseline and
comparison between groups was tested using a paired t-test. All
statistical tests were 2-sided at a significant level of alpha=0.05.
P-values were reported to 3 decimal places. No multiple testing
corrections were considered in the study. Statistical analyses
were performed using SAS software version 9.40 series (SAS
Statistical Institute).

Ceramide Plus NMF Cream vs Ceramide Cream

Assessment of skin hydration by corneometer was performed
on day 10 after once daily use of ceramide plus NMF or ceramide
cream, and a 5-day regression period of no daily moisturization
(day 15). Daily moisturization for 10 days with the ceramide plus
NMF cream resulted in a 76.9% increase in corneometer units
compared to baseline (P<0.001), while daily moisturization of
the ceramide cream resulted in an increase of 50.1% compared
to baseline (P<0.001), with an overall statistical significance in
favor of the ceramide plus NMF cream vs the ceramide cream
(P<0.001) (Figure 1).

FIGURE 1. Clinical evaluation of skin hydration after 10 days of daily moisturization. Thirty-five participants (Male, n=6; Female, n=29) ages 16
to 70 years old (Mean, 57.1), 25% (n=9) with mild dryness on the legs and approximately 75% (n=26) with moderate-to-severe dryness on legs,
applied ceramide plus NMF cream on the assigned (right or left) leg and ceramide cream on the opposite leg, once daily for 10 days, as directed.
At baseline and day 10, triplicate corneometer (CM 825, Courage & Khazaka) measurements on both legs of each participant were taken at the
midline between the knee and ankle of the lateral side and increase from baseline corneometer units were plotted, with mean change from

baseline calculated.
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Corneometer Units
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Day 10 Daily Use
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“Statistically significant improvement compared to baseline (P<0.001). *Statistically significant difference between treatments in favor of Ceramide plus NMF (P<0.001).
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The lasting effect of Improvementin skin hydration was evaluated Ceramide Plus NMF Lotion vs Ceramide Cream

at day 15 (5-day regression with no additional moisturization). To address the misconception that creams are always more
The ceramide plus NMF cream 10-day moisturization plus 5-day efficacious than lotions, we evaluated the clinical efficacy of
regression yielded a 32.2% increase from baseline corneometer improvement in skin hydration after 10 days of daily use of the
units (P<0.001), while the ceramide cream vyielded a 22.8% ceramide plus NMF lotion compared to the ceramide cream,
increase from baseline corneometer units (P<0.05) (Figure 2). followed by corneometer assessment at day 15 following a 5-day

FIGURE 2. Clinical evaluation of skin hydration on day 15 (5-day regression period with no moisturization). Thirty-five participants (Male, n=6;
Female, n=29) ages 16 to 70 years old (Mean, 57.1), 25% with (n=9) mild dryness on the legs and approximately 75% (n=26) with moderate-to-severe
dryness on the legs, applied ceramide plus NMF cream on the assigned (right or left) leg and ceramide cream on the opposite leg, once daily for
10 days, as directed, followed by a 5-day regression period of no moisturization. At baseline and day 15, triplicate corneometer (CM 825, Courage
& Khazaka) measurements were taken on both legs of each participant at the midline between knee and ankle of the lateral side, and increase
from baseline corneometer units were plotted, with mean change from baseline calculated.

i Day 15 (5 day Regression Period)

8
& 5.84™"
4.30%
4
Mean Change 0
) from Baseline 22.8%
0
Ceramide + NMF Ceramide

“Statistically significant improvement compared to baseline (P<0.001). “Statistically significant improvement compared to baseline (P<0.05).

FIGURE 3. Clinical evaluation of skin hydration after 10 days of daily moisturization and on day 15 (5-day regression period with no moisturization).
Thirty-three participants (Male, n=12; Female, n=21) ages 16 to 70 years old (Mean, 50.9), some with mild dryness on the legs (n=16) and some
with moderate-to-severe dryness on legs (n=17), applied ceramide plus NMF lotion on the assigned (right or left) leg and ceramide cream on
the opposite leg, once-daily as directed for 10 days followed by a 5-day regression period of no moisturization. At baseline, day 10, and day 15,
triplicate corneometer (CM 825, Courage & Khazaka) measurements were taken on both legs of each participant at the midline between the knee
and ankle of the lateral side, and increase from baseline corneometer units were plotted, with mean change from baseline calculated.
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“Statistically significant improvement compared to baseline (P<0.001). Statistically significant difference between treatments in favor of Ceramide + NMF lotion (P<0.05).
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regression period, similar to the methodologies used in the
ceramide plus NMF cream vs ceramide cream study described
above. Daily moisturization for 10 days with the ceramide plus
NMF lotion resulted in a 49.7% increase in corneometer units
compared to baseline (P<0.001), while daily moisturization of the
ceramide cream resulted in an increase of 32.4% compared to
baseline (P<0.001), with an overall statistical significance in favor
of the ceramide plus NMF lotion vs the ceramide cream (P<0.05)
(Figure 3). Once again, the lasting effect of improvement in skin
hydration was evaluated at day 15 (5-day regression with no
additional moisturization). The ceramide plus NMF lotion 10-day
moisturization plus 5-day regression yielded a 35.2% increase
from baseline corneometer units (P<0.001), while the ceramide
cream yielded a 27.6% increase from baseline corneometer units
(P<0.05) (Figure 3).

DISCUSSION

While the focus on barrier repair with topical moisturization has
often centered on the inclusion of ceramides in formulations,
the utilization of additional ingredients, including NMFs, has
not received adequate attention to their potential importance
in moisturizer formulations. In this study, we demonstrate the
statistical superiority of both a ceramide plus NMF cream and a
ceramide plus NMF lotion compared to a ceramide cream based
on recognized objective methods of testing hydration after 10
days of daily application. While all 3 formulations improved
skin hydration, as indicated by the significant increase in
corneometer units from baseline, the ceramide plus NMF cream
and ceramide plus NMF lotion demonstrated a significantly
higher increase in skin hydration as compared to baseline and
as compared to the ceramide cream.

Ceramides and NMFs are major SC components that contribute
to maintaining skin hydration.” NMFs originate from the
breakdown of filaggrin and include hydrophilic amino acids, and
their derivatives such as PCA, UCA, lactic acid, sugars, organic
acids, peptides, and urea, which collectively are associated with
the establishment of a physiologic water gradient in the SC.'6"8

The increased role of NMFs in skin barrier function continues to
be elucidated, with recent studies demonstrating the importance
of NMFs in skin barrier function in atopic dermatitis (AD)."
Decreases in NMF are attributed to both intrinsic and extrinsic
factors, which are associated with xerotic skin, increased surface
pH, and increased risk for worsening of AD.” The addition of
NMFs in well-formulated topical moisturizers has previously
been shown to augment skin hydration by supporting the
maintenance of water content in dehydrated conditions, thus
retaining the optimal fluidity and function in SC lipid and protein
components.?’ Exposure of the skin to commonly encountered
external daily conditions that can impair epidermal barrier
function, including washing, showering, and bathing, or the
use of occlusive sanitary products such as diapers, which can
deplete important hydrophilic compounds of the SC, including
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NMFs. This depletion markedly affects the ability of the SC to
attract and maintain water, leading to a cascade of events
that can steadily progress to severe xerosis and eczematous
dermatitis, both associated with pruritus and increased potential
for microbial colonization.??? These data and the results of our
study suggest that the utilization of a moisturizer (cream or
lotion) that contains both ceramides and NMFs may be a more
optimal formulation, compared to a ceramide cream alone, for
maintaining skin hydration, improving barrier function, and
decreasing the clinical sequela associated with dry skin.
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