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STUDIES

Prospective Randomized Double-Blind
Vehicle-Controlled Study of Topical Coconut
and Sunflower Seed Oil-Derived Isosorbide
Diesters on Atopic Dermatitis

Dawnica Nadora, BS, MS,"t Wagas Burney, MBBS," Ratan K. Chaudhuri, PhD,#
Aidan Galati, BS,§ Mildred Min, BS,"t Sydney Fong, BS,” Kenny Lo, BS,
Cindy J. Chambers, MD, MAS,"1§ and Raja K. Sivamani, MD, MS, AP"1+&]

Abstract: Background: Preliminary studies support the use of topical coconut and sunflower seed oil for atopic
dermatitis (AD). However, standardized topical formulations of fatty acids from these sources have not been studied.

Objective: This study investigates whether coconut oil- and sunflower seed oil-derived isosorbide diesters can be
used in conjunction with colloidal oatmeal to improve itch, AD severity, and the need for topical steroids in adults.

Methods: This was a single-center, 4-week, randomized, double-blind, and vehicle-controlled study conducted be-
tween 2021 and 2022. Thirty-two male and female adults with mild-to-moderate AD were enrolled and completed the
study. Participants were randomized to receive either 0.1% colloidal oatmeal (vehicle) or isosorbide diesters (IDEAS,
4% isosorbide dicaprylate and 4% isosorbide disunflowerseedate) along with 0.1% colloidal oatmeal. The main out-
comes of the study were changes in the visual analogue rating of itch and 75% improvement in the Eczema Area and
Severity Index score (EASI 75) at 4 weeks. Other measures included the use of topical steroids and the relative
abundance of skin Staphylococcus aureus.

Results: Participants in the IDEAS group had a 65.6% improvement in itch compared with 43.8% in the vehicle group
(P=0.013). In total, 56.5% and 25% of the those in the IDEAS and vehicle groups, respectively, achieved EASI 75 at
4 weeks (P=0.07). There was no difference in skin hydration or transepidermal water loss. The relative abundance of
S. aureus was decreased in the IDEAS group at week 4 compared with no change in the vehicle group (P=0.044).
Topical corticosteroid use increased in the vehicle group compared with a decrease in the IDEAS group at week 1
(292.5% vs 24.8%; P value=0.039) and week 2 (220% vs 46%; P value =0.08).

Conclusions: Topical application of emollients containing coconut oil- and sunflower seed oil-derived fatty esters
may improve itch, reduce topical steroid use, and reduce the relative abundance of S. aureus in mild-to-moderate AD.
CTR number: NCT04831892.
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Capsule Summary

* Topical coconut oil and sunflower seed oil have previously
been shown to improve atopic dermatitis (AD). However,
standardized derivatives of coconut oil- or sunflower seed
oil-based isosorbide diesters (IDEAS) have not been studied
for topical use.

e This randomized double-blind vehicle-controlled study
evaluates the use of a standardized isosorbide diester that is
derived from coconut oil and sunflower seed oil. This study
shows that topical application of IDEAS with colloidal oat-
meal significantly improves itch and achievement of 75%
improvement in the Eczema Area and Severity Index score
(EASI 75) compared with topical application of colloidal
oatmeal alone. Participants using IDEAS compared with
vehicle had reduced need for the use of topical steroids.

¢ Topical application of standardized isosorbide diesters de-
rived from coconut oil and sunflower seed oil may improve
mild-to-moderate AD and may reduce the need for the use of
topical steroids.

INTRODUCTION

Atopic dermatitis (AD) is a chronic relapsing inflamma-
tory skin disease, with increased transepidermal water loss
(TEWL) and further characterized by xerosis, itch, and ery-
thematous lesions. The clinical course of AD fluctuates between
periods of remission and episodes of acute exacerbations. Cur-
rently, estimates indicate that up to ~20% of children and ~3%
of adults worldwide have AD." Although its pathogenesis has not
been fully elucidated, research suggests that epidermal barrier
dysfunction is critical in the development of AD that initiates a
Th2-dominant inflammatory cascade.””

AD is characterized by a compromised barrier function, even in
nonlesional skin, so the daily use of moisturizers to repair and
maintain skin’s barrier function has become a mainstay of treat-
ment for AD of all severities, typically in combination with anti-
inflammatory drugs as needed for episodic flares.>” Previous
studies document the benefits of topical moisturizers to reduce the
incidence of flares and prolong the time between flares, thereby
extending periods of remission.>* Moisturizers may contain in-
gredients that act as emollients, humectants, or occlusives that
may help alleviate inflammation or target barrier health to en-
hance hydration and improve barrier function.'’

There has been growing interest in the use of topical plant-
based oils with evidence showing that topical application of co-
conut and sunflower seed oils may improve AD'"'* and reduce
the presence of Staphylococcus aureus.'> One of the limitations of
coconut oil and sunflower seed oil is that there can be batch-to-
batch variations and it is not clear whether different sources of
plant-based oils may differ in their topical effects."*'?

Previous research reported 2 novel compounds
created by esterifying coconut-derived caprylic acid or sunflower
fatty acids with isosorbide to produce isosorbide dicaprylate

16,17
that were

(IDC) and isosorbide di-(linoleate/oleate) (IDL), respectively.
Numerous studies have chronicled the barrier improvement ef-
fects of sunflower oil rich in linoleic acid content or coconut oil
rich in caprylic acid content as natural phytochemicals and their
utility to treat and alleviate symptoms of compromised skin, in-
cluding xerosis and AD.""'*'®!' In an earlier study, Chaudhuri
and Bojanowski have demonstrated that IDC upregulates genes
associated with improvements in the epidermal permeability
barrier to promote skin hydration.'”

Gene expression profiling on IDL revealed that it upregulated
expression of genes associated with keratinocyte differen-
tiation and downregulated gene expression associated with in-
flammation.'® Moreover, IDL downregulated the expression of
“unhealthy skin signature” genes linked to loss of epidermal
homeostasis, and repressed an interferon-inducible coexpression
module normally activated dermatoses such as AD.'® Overall,
these results support that IDC and IDL complement one another
in their molecular and cellular mechanisms of action to improve
skin’s barrier properties.'®!”

Although IDC and IDL have been tested separately in clinicals
on normal subjects with varying degrees of dry skin, their com-
bined clinical benefits in AD skin have yet to be explored. The
objective of this study was to assess the efficacy of IDC and IDL
(code named IDEAS [isosorbide diesters]) formulated into an o/w
emollient containing colloidal oatmeal to improve the visible signs
and symptoms of AD in patients with mild-to-moderate severity
in a double-blind vehicle-controlled clinical study over a 4-week
period.

MATERIALS AND METHODS

Study Design, Recruitment, and Randomization

This is a 4-week double-blind vehicle-controlled clinical trial with
a 1 week follow-up visit completed between April 2021 and April
2022. This study was approved by the institutional review board
(IntegReview Ltd.; Protocol No. 120-ISO1). All participants pro-
vided written informed consent before enrollment. Participants
were recruited directly from an outpatient dermatology clinic and
through social media advertisements. Individuals were screened
for eligibility and all study procedures were performed at In-
tegrative Skin Science and Research in Sacramento, CA.

Participants who met the inclusion criteria were randomized
and preallocated into 2 treatment groups. The allocation was
conducted by the clinical research coordinator using a computer-
based randomization generator with blinded sealed envelopes.
The IDEAS group (n=16) received a topical emollient containing
0.1% colloidal oatmeal and 8% IDEAS composed of 4% Hy-
draSynol® DOI (IDC) and 4% HydraSynol IDL (isosorbide dis-
unflowerseedate) (Sytheon, Parsippany, NJ, USA).

The control group (n=16) received an emollient containing
0.1% colloidal oatmeal without IDEAS. Both groups were in-
structed to apply the emollients to the entire body once daily for
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Figure 1. CONSORT flow diagram. CONSORT, Consolidated Standards of Reporting Trials.

4 weeks. There were no changes to the methods or trial outcomes
after the initiation of the study, and the study was stopped once
enrolled participants completed the study. The study diagram
overview is illustrated in Figure 1.

Inclusion and Exclusion Criteria

Male and female subjects ages 18 years and older diagnosed with
mild-to-moderate AD were eligible. Individuals with a known
allergy to IDEAS and those who had dermatitis solely on their
hands and/or feet did not qualify. Participants who had been on
topical calcineurin inhibitors or crisaborole completed a 2-week
washout. However, they were allowed to continue the use of
topical steroids given their dose and formulation remained stable.
Patients who were currently on systemic therapy or who needed
systemic therapy at the time of screening were excluded. Other
exclusion criteria include subjects with an ongoing secondary
infection of the skin, subjects with a diagnosis of scabies, pregnant
women, prisoners, and those unable to provide consent.

Participants were asked to comply with the following require-
ments: applying the moisturizer throughout the study and log-
ging their application of the study product. Subjects were asked to
minimize controllable external factors that might trigger flare-
ups, such as using harsh soaps and altering exposure to the en-
vironment. This was done to reduce confounding variables.

Measurements of the Biophysical Properties
of the Skin

All measurements were collected after subjects acclimated to
ambient conditions for 15 minutes in a climate-controlled room.
Measurements were collected at the baseline visit, week 1, and
week 4.

The following biophysical properties of the predetermined ar-
eas were measured: skin TEWL using the Vapometer® (Delfin
Technologies Ltd., Kuopio, Finland) and skin hydration by the
MoistureMeterSC™ (Delfin Technologies Ltd., Kuopio, Finland).
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Assessments of Eczema Area and Severity
Index Score

A trained physician investigator assessed the subject’s Eczema
Area and Severity Index (EASI) score at all study visits. EASI score
measures the extent (area) and severity of AD. The area score is
recorded for each of the 4 regions of the body including the head
and neck, trunk, upper limbs, and lower limbs and is measured
as the percentage of skin affected by eczema. The proportion of
patients with a 75% improvement in the EASI score (EASI 75) at
week 4 was reported.

Subjective Reporting of Itch and Sleeplessness
on Visual Analogue Scale

All subjects were asked to report their level of itching and sleep-
lessness at every visit on a validated numerical rating system with
a 10 cm line. Subjects made a vertical tick mark along the line that
best represented their itch and sleeplessness.

Skin Microbiome Collection and Sequencing

Skin microbiome on predetermined areas was collected using
sterile Eswab® at baseline, week 2, week 3, and week 4. Swabbing
was performed using sterile technique and samples were collected
from the ambient environment to serve as negative controls for
the skin microbiome analysis. All samples were stored at —80°C
and subsequently sent to CosmosID® for analysis.

Skin swabs were pretreated with Metapolyzyme (Sigma
Aldrich, St. Louis, MO, USA) before extraction with the Zymo-
BIOMICS MicroPrep Kit, according to manufacturer’s instruc-
tions. Extracted DNA samples were quantified using the GloMax
Plate Reader System (Promega) using the QuantiFluor® dsDNA
System (Promega) chemistry.

Genomic DNA was quantified with Qubit 2.0 DNA HS Assay
(ThermoFisher, Massachusetts, USA). Target regions were am-
plified through PCR using the following primers: 27F (AGAG
TTTGATCCTGGCTCAG) and 534R (ATTACCGCGGCTGC
TGG), which cover hypervariable regions V1 to V3. Illumina®
8-nt dual indices were subsequently added by PCR. Final libraries
were quantified using Qubit 2.0 (ThermoFisher, Massachusetts,
USA) and quality was assessed by TapeStation D1000 ScreenTape
(Agilent Technologies, Inc., California, USA). Equimolar pooling
of libraries was performed based on QC values and sequenced
on an Illumina [Miseq] (Illumina, California, USA) with a read
length configuration of 2x300 for 0.1IM PE reads per sample
(50 K in each direction).

Raw sequences were processed using the CosmosID-HUB
Microbiome’s 16S workflow (CosmosID, Germantown, MD,
USA), which implements the DADA2 algorithm® as part of the
Nextflow Ampliseq pipeline.”’ The resulting table of sequences
and observed frequencies was filtered to remove chimeric se-
quences (those that exactly match a combination of more-
prevalent “parent” sequences). Taxonomic identifications were

conducted with DADA2’s naive Bayesian classifier, using the
Silva version 138.1 database.

Functional potential of the community was profiled using
PICRUSt2.>>"*® Functional capabilities were given by EC classi-
fiers and MetaCyc ontologies, each aggregated to predict path-
ways and genes that are likely present in each sample. The
resulting features tables were analyzed in R using the packages
vegan (alpha and beta diversity), ape (beta diversity), and corrplot
(Pearson correlation plots). Statistical comparisons of groups
used Wilcoxon tests as implemented in the ggpubr and rstatix
packages.

Heatmaps were generated using the pheatmap R package based
on relative abundances of features. Alpha diversity was measured
using the following methods: Chaol, Shannon diversity, and in-
verse Simpson diversity (1 — D). Beta diversity principal coordi-
nates analyses (PCoAs) were calculated based on the Bray—Curtis
dissimilarity. Linear Discriminant Analysis Effect Size (LEfSe)*”
analysis and figures were generated in the lefser R package. This
tool determines which features are most discriminative between 2
groups using a 1-way Kruskal-Wallis test, 2-way Wilcoxon rank-
sum test, and linear discriminatory analysis (LDA). All features
shown meet p < 0.05 for Kruskal-Wallis and Wilcoxon tests and
have an LDA score where |“effect — size”| > 2.0.

Materials

IDL [isosorbide di-(linoleate/oleate)] is commercially available
from Sytheon. (Parsippany, NJ, USA) under the trade name
HydraSynol IDL (INCI: Isosorbide Disunflowerseedate; CAS No.
1818326-42-9). Composition consisted of ~70% linoleate and
15% oleate with other minor fatty acid esters. IDC is also com-
mercially available from Sytheon under the trade name
HydraSynol DOI (INCI: Isosorbide Dicaprylate; CAS no. 64896-
70-4).

Composition consisted of >99% mono- and dicaprylic acid
esters of isosorbide with diester content >95%. Colloidal oatmeal
(Colloidal Oatmeal USP/NF; CAS no. 134134-86-4) used in this
study was obtained from Charkit Chemical Company (Norwalk,
CT, USA). Key components used in the IDEAS o/w lotion are 4%
IDL, 4% IDC, and 0.1% colloidal oatmeal. Vehicle lotion con-
tained only 0.1% colloidal oatmeal.

Statistical Analysis

As this is a pilot study, no prior studies were available to estimate a
power analysis. Nevertheless, a power analysis showed that to
have a 95% power to detect a 20% difference in reduction of the
visual analogue itch score, a total of 15 participants would need to
be recruited in each group with alpha at 0.05. The Wilcoxon rank-
sum test was used to determine statistical significance where
P<0.05 was statistically significant. A chi-squared analysis was
performed on categorical data where P<0.1 was statistically sig-
nificant. Only data from enrolled subjects that received the study
intervention were analyzed.
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Figure 2. (A) Percentage of participants who achieved EASI 75. *P<0.01. (B) Relative weekly use of topical steroids was tracked over the
course of the 5 weeks. *P<0.05, #*P<0.1. EASI 75, 75% improvement in the Eczema Area and Severity Index score.

RESULTS

Of the 32 participants who completed the study, 21 were women
and 11 were men. There were 16 subjects in the control group,
with 11 women and 5 men. The mean age of the participants in the
control group was 49.8 +18.9 years. In the IDEAS cohort (1 =16),
there were 10 women and 6 men. The average age of the partic-
ipants in this cohort was 54.7 +12.6 years.

AD and Steroid Use Assessment

When assessing those who achieved at least a 75% improvement
in their EASI score (EASI 75), there was an increase in the IDEAS
group compared with the vehicle group (56.5% vs 25%, P=0.07;
Fig. 2A). At baseline, participants in both IDEAS and vehicle
groups were using 1 or more topical corticosteroids to treat AD.
After initiating the use of IDEAS, the relative use of topical cor-
ticosteroids decreased compared with baseline at week 1, week 2,
and week 4, whereas the relative use of steroid increased in the
vehicle group.

When comparing the relative use of topical corticosteroids in
the vehicle and IDEAS groups, there was significant increased use
of corticosteroids in the vehicle group compared with a decrease
in the IDEAS group at week 1 (292.5% vs 24.8%; P value=0.039)
and week 2 (220% vs 46%; P value=0.08). The relative use
of topical corticosteroids increased at week 5 in both groups af-
ter discontinuing the study interventions at week 4 as shown in
Figure 2B.

Itch Intensity and Sleeplessness Reported on VAS

Patient-reported assessments of itch in the IDEAS treatment
group had a higher percent improvement at week 4 than those in
the vehicle-treated group (Fig. 3). Subjects in the IDEAS group
experienced a 65.6% improvement in itch compared with subjects
in the vehicle group who only had an improvement of 43.8%
(P=0.013). There was no significant difference in week 4 sleep-
lessness rating when the IDEAS group was compared with the

vehicle group. When the subjects were stratified for those with
moderate-to-severe sleeplessness, the participants in the IDEAS
group reported a 52.8% improvement compared with a reported
25.9% improvement in the vehicle group (P=0.02) (Fig. 4).

Skin Hydration

When compared with the baseline, there was a statistically sig-
nificant increase in skin hydration in both the control group
(P=0.0027) and the IDEAS group (P<0.0001) (Fig. 5A). How-
ever, there was no statistically significant difference in the increase
in skin hydration between the IDEAS and the vehicle groups at
week 4.

Transepidermal Water Loss

There was no statistically significant difference in the subjects’
TEWL when comparing the relative average change in both the
vehicle and IDEAS groups. However, the TEWL in the control

80- * B Vehicle
B IDEAS

60—

%Improvement in Itch

0-

Week 4

Figure 3. Improvement in itch. ltch improvement in all subjects in the
vehicle and IDEAS groups, *P=0.013. IDEAS, isosorbide diesters.
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Figure 4. Improvement in sleeplessness. (A) improvement in sleep disturbance improvement in all subjects in the vehicle and IDEAS group.
(B) Percent improvement in subjects with moderate-to-severe sleep disturbances (sleeplessness rating =5 at baseline), *P=0.02. IDEAS,

isosorbide diesters.

group increased by 11% (P value=0.3755), whereas the IDEAS
group had a 12% decrease in TEWL (P value =0.3028), Figure 5B.

Skin Microbiome and Functional Assessments

There were no shifts in the Shannon diversity with IDEAS
treatment, but there was a decrease in the relative abundance of
S. aureus (P=0.044) after treatment (Supplementary Fig. S1) and
no change in Staphylococcus epidermidis. The functional assess-
ments of the genes that increased and decreased in abundance are
shown in Supplementary Figure S2.

Adverse Events

One subject in the vehicles (control) group withdrew due to an
adverse reaction, leading to a rash on both arms after 16 days of
application.

DISCUSSION

This study shows that the use of IDEAS with colloidal oatmeal is
superior to using colloidal oatmeal alone for mild-to-moderate
AD. There was a striking difference in the IDEAS group in those

250 Bl \ehicle
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200+ *
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%Change in Hydration
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who achieved EASI 75 and a reduction for a need for topical
steroids within the first 2 weeks of use. Although there have been
no prior studies performed with IDEAS, previous studies with the
topical application of sunflower seed oil and coconut oil have
shown improvements in skin barrier function and AD,'"!>!%28
which is consistent with our findings.

No statistical difference in the skin hydration or TEWL was
found between the vehicle and the IDEAS groups. The increase in
moisture seen in the vehicle group is supported by a study that
reported significant improvement in skin hydration after 14 days
of intervention with 1% colloidal oat eczema cream in comparison
with a standard moisturizer.”> This study utilized a lower con-
centration at 0.1% colloidal oatmeal and a hydration effect was
still observed in the vehicle group.

The improvements observed in the IDEAS group may be at-
tributable to the isosorbide disunflowerseedate that is a stabilized
form of linoleic acid. The findings in this study are corroborated
by studies showing that linoleic acid has anti-inflammatory effects
leading to decreased AD severity.*® One reason for this is that
linoleic acid is converted to GLA (gamma-Linolenic acid), pro-
ducing anti-inflammatory substances such as prostaglandin E1
(PGE1) and thromboxane Al (TXA1).*
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Figure 5. Change in hydration and TEWL. (A) Both the vehicle (P=0.0027) and IDEAS (P< 0.0001) groups increased in hydration at week 4
compared with baseline. There was no statistically significant difference between the vehicle and IDEAS groups at week 4. (B) The IDEAS
emollient reduced TEWL while vehicle increased TEWL, but there was no statistically significant difference between the 2 groups. IDEAS,

isosorbide diesters; TEWL, transepidermal water loss.
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Animal studies have also shown that topical conjugated linoleic
acid dose-dependently inhibited proinflammatory and proin-
flammatory enzyme expressions in induced AD-like lesions.>"
The findings suggest that topically applied isosorbide fatty acid
diesters are not limited to barrier repair but may include inhibi-
tion of the inflammatory cascade that may amplify pruritus and
cutaneous eruption.32

Of particular interest is the reduction in topical steroid use that
was found in the IDEAS subgroup. The desire for nonsteroidal
alternatives is widespread among AD patients. Our findings
suggest that the use of topical IDEAS may mitigate the need to use
steroids during flares and may help to reduce further exposure to
steroids.

Our skin microbiome findings show that topical application
of IDEAS may reduce the relative abundance of S. aureus
whose overgrowth is associated with triggers of AD.* The abil-
ity to reduce the presence of S. aureus may have a preventa-
tive effect as S. aureus overgrowth has been shown to precede
flares of AD.> Interestingly, coconut oil has been shown to re-
duce the relative abundance of S. aureus and contains caprylic
acid.” IDC is derived from isosorbide and caprylic acid and it
may reflect a similar action found in coconut oil. Future studies
should assess the role of topical IDEAS-based moisturizer use
for prevention of flares rather than use in those who are in a
flared state.

The functional analysis revealed several notable findings.
First, the abundance of serine protease was elevated after treat-
ment with IDEAS and the reasons for this are not clear as in-
creased expression of serine protease is typically associated with
worsening of the skin barrier. Second, the elevation of phytoene
desaturase presence after 4 weeks of topical IDEAS application
suggests that there was enhanced ability to produce local carot-
enoids by the skin’s bacteria and this could have an anti-
inflammatory and antioxidant effect. Further studies that measure
the skin’s carotenoid content after IDEAS application should be
explored.

This study has several limitations. This study only evaluated
mild-to-moderate AD and the findings cannot be extended to
severe AD. Also, the long-term impact of applying IDEAS topi-
cally is not addressed in our 4-week study, and future studies with
longer interventions period could be considered. This study was
limited to adults and a future study is needed to assess how topical
IDEAS may impact the skin of pediatric and adolescent AD.

CONCLUSION

In conclusion, our findings demonstrate that IDEAS along with
colloidal oatmeal is effective in improving mild-to-moderate AD
and may reduce the need for the use of topical steroids in adults.
Furthermore, the topical application of IDEAS may reduce the
relative abundance of S. aureus. The results may support a dual
mechanism of action of IDEAS involving anti-inflammatory ef-
fects and modulation of epidermal homeostasis.

SUPPLEMENTARY MATERIAL

Supplementary Figure S1
Supplementary Figure S2
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