X4

Journal of Cosmetics, Dermatological Sciences and Applications, 2024, 14, 306-322

X/

Scientific ) . . i
"‘: Research https.//www.sarp.org/]ournal/]cdsa
94% Publishing ISSN Online: 2161-4512
¢ ISSN Print: 2161-4105

Ovolux™ Brand Eggshell Membrane Reduces
the Clinical Signs of Aging by Improving SKin,
Hair & Fingernail Appearance, Texture, and
Biomechanical Properties: A Single Center,
Randomized, Double Blind, Placebo Controlled
Clinical Trial

Kevin J. Ruff?*, Nena Dockery?, Cem Aydoganz, Mathew Back!

'ESM Technologies, LLC, Carthage, USA
*Phytonet AG, Schindellegi, Switzerland

Email: *kruff@esmingredients.com, ndockery@esmingredients.com, caydogan@phytonet.com, mback@esmingredients.com

How to cite this paper: Ruff, K.J., Dockery,
N., Aydogan, C. and Back, M. (2024) Ovolux™
Brand Eggshell Membrane Reduces the
Clinical Signs of Aging by Improving Skin,
Hair & Fingernail Appearance, Texture, and
Biomechanical Properties: A Single Center,
Randomized, Double Blind, Placebo Con-
trolled Clinical Trial. Journal of Cosmetics,
Dermatological Sciences and Applications,
14, 306-322.
https://doi.org/10.4236/jcdsa.2024.144021

Received: November 6, 2024
Accepted: December 8, 2024
Published: December 11, 2024

Copyright © 2024 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

[ONom

Abstract

Background: As the population of people aged 65 and older increases, greater
attention is being paid to issues surrounding skin aging. This study was con-
ducted to evaluate the efficacy of an oral unhydrolyzed eggshell membrane
(ESM) ingredient (branded Ovolux™) versus placebo on both objective and
subjective markers of skin aging in middle-aged and senior adults, and also to
assess the possible benefits of Ovolux™ on the health of hair and fingernails.
Methods: Sixty-three healthy, men and women (aged 35 - 66) were randomly
assigned to receive either oral ESM 300 mg (n = 32) or placebo (n = 31) once
daily for 12 weeks. The primary endpoint was any statistically significant im-
provement in skin elasticity in the anterior region of the temporal fossa of the
face versus placebo evaluated at 12 weeks of treatment based upon measure-
ments taken with the Cutometer® MPA 580 multi-probe system. Secondary
endpoints were improvement in skin firmness, viscoelasticity, hydration, or
trans-epidermal water loss versus placebo. Additional secondary endpoints
were any improvement in skin, hair, or fingernail subjective parameters ver-
sus placebo as determined via Patient’s Assessments. Results: Supplementa-
tion with Ovolux™ ESM produced a significant absolute treatment effect
(TE.ps) versus placebo after both six weeks (TEabs +8.4%, p = 0.019) and twelve
weeks of treatment (TEqps +12.2%, p = 0.002) for the primary outcome meas-
ure total elasticity (R2). There were also significant treatment responses ver-
sus placebo for the objective measures of firmness (R0), net elasticity (R5),
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and viscoelasticity (R6) at both timepoints (R0: Week 6, —23.9%; Week 12,
—16.8%) (R5: Week 6, +9.5%; Week 12, +10.6%) (R6: Week 6, —17.9%; Week
12, —17.7%), as well as for skin hydration versus placebo at both 6 weeks
(+8.3%) and 12 weeks (+8.6%) of treatment. There were also significant im-
provements in the ESM treatment group versus placebo in the subjective
measures of skin appearance, skin texture, overall skin health, hair texture,
and overall hair health as determined by patient assessments. Conclusions:
Ovolux™ provided significant broad-based improvements in critical biome-
chanical skin properties versus placebo, including elasticity, firmness, and vis-
coelasticity. These effects, along with improvement in skin hydration, were
observed as early as 6 weeks and continued through the end of the 12-week
study. Treatment with ESM was reported to be well-tolerated. Ovolux™ ESM
appears to be a natural solution to help skin to resist the epidermal thickening,
the dermal thinning, and the skin laxity and elastosis found in intrinsically
aging skin. The Clinical Trial Registration number is: NCT06148337.
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1. Introduction

Globally, the number of individuals over age 65 is the fastest growing population,
with 1 in 10 persons worldwide being in this group as of 2021 [1]. But with this
growth in the aging population, comes an associated increase in health-related
effects of the aging process. Aging impacts virtually all processes and systems
within the human body, the most outwardly visible of which is frequently the skin.
Skin aging occurs as a direct result of the combined effects of time (intrinsic aging)
and the environment (extrinsic aging). The degree of skin aging over time is di-
rectly linked to non-modifiable (intrinsic) factors like age, gender, anatomical lo-
cation, and genetics that collectively influence the chronological age of skin [2].
However, skin aging is also linked to exposure to damaging, but modifiable, envi-
ronmental (extrinsic) risk factors such as UV radiation, chemical air pollutants,
and nutritional deficiencies [2]. Chronic disease conditions often manifest in the
appearance of the skin [3] [4]; therefore, attention to the skin as well as intimately
associated tissues such as hair and fingernails is not just one of cosmetic interest,
but also a general health necessity. As a result, there has been a growing trend
toward addressing the nutritional deficiencies occurring within the body that are
manifest in the skin, hair, and fingernails. Appropriate supplementation can help
ensure that key skin-supportive nutrients are available to help compensate for
those that decrease with chronological aging or are stressed or damaged because
of environmental challenges.

Skin is the largest organ in the human body and serves a number of vital func-

tions, including serving as a barrier to environmental insult (physical, chemical,
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or biological), preventing excess water loss from the body, and helping to regulate
body temperature. Skin is composed of three main layers: the epidermis, the der-
mis, and subcutaneous tissue. The outermost layer, the epidermis, is a stratified
squamous epithelium layer that is primarily comprised of keratinocytes. The epi-
dermis is a continually renewing layer and gives rise to derivative structures such
as hair follicles, fingernails, and sweat glands [5]. The intermediate layer, the der-
mis, is fundamentally made up of the fibrillar structural protein type I collagen
and, to a lesser extent, the fibrillar elastic protein elastin [5]. The extracellular ma-
trix (ECM) of the dermis is additionally composed of water-binding glycosamino-
glycans (GAGs), in the form of proteoglycans, including hyaluronic acid (HA),
dermatan sulfate (DS), and heparan sulfate (HS) [6]. These GAGs help to keep
normal skin plump, soft and hydrated. The viscoelastic properties of the dermis
protect the skin from mechanical stress providing pliability, elasticity, and tensile
strength. The dermis provides structural support for the epidermis, blood vessels,
hair follicles, and fingernails. Because of this, the structural integrity of the dermis
is vital for the normal functioning of skin. Below the dermis lies the subcutaneous
tissue which contains small lobes of fat-producing cells (lipocytes).

In intrinsically (chronologically) aging skin, the dermis becomes 20% thinner
[7] due to decreasing levels of collagen [8], which leads to fine wrinkling, fragility,
and laxity (sagging) [9]. The overall collagen content per unit area of skin surface
declines by approximately 1% per year in aging skin. Total GAG levels are also
substantially decreased in intrinsically aging skin in both the epidermis and the
dermis, while HA is mainly reduced in the epidermis and HS is mainly reduced in
the dermis [6]. In extrinsically aging skin, there is epidermal thickening with the
dermis producing markedly decreased levels of fragmented and disordered colla-
gen fibrils that are increasingly replaced by abnormal elastin [8]. Total GAGs, and
particularly HA, are substantially reduced in extrinsically aging skin [7]. Com-
bined, this leads to skin dryness with deep furrows, irregular pigmentation, sal-
lowness, laxity, elastosis, and a leathery appearance [9].

Eggshell membrane (ESM) is the bi-layered fibrous membrane of the chicken
egg separating the hard outer shell from the liquid albumen (egg white), that nat-
urally contains multiple nutrients that have been shown to be beneficial for skin
care. The fibrous matrix of the membrane is primarily protein and contains col-
lagen, predominantly type I, with smaller amounts of types V and X [10] [11].
Nearly 500 proteins have been identified in ESM via proteomics [12] [13], includ-
ing six additional types of collagen (III, IV, VII, VIII, XII, and XXII) [13]. In ad-
dition to the proteins, ESM contains calcium and GAGs, including chondroitin
sulfate (CS) [14], DS [15], keratan sulfate (KS) [14] [15], HS [14] and HA. Natural
unhydrolyzed ESM and its content of collagens, elastin [10], and GAGs closely
resembles the ECM constituents of human epidermis and dermis. As such, it has
begun to be investigated for skin care. Oral supplementation of ESM was shown
to upregulate ECM growth factors and reduce skin thinning in a mouse model of

nutrient-deficient skin aging [16]. In a skin photoaging mouse model, ESM was
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found to improve skin hydration, reduce trans-epidermal water loss (TEWL), and
decrease wrinkle depth at a dose of 30 mg/kg for 12 weeks [17]. An open-label
pilot clinical study in which 10 subjects consumed 300 mg of ESM for 5 weeks
showed an 11% improvement in skin elasticity when compared to baseline [18].
Another pilot clinical study, conducted as a randomized controlled trial (RCT), in
which 20 subjects consumed 900 mg of ESM or placebo twice daily for 8 weeks
similarly demonstrated an improvement in skin elasticity versus placebo [19]. Ad-
ditionally, an RCT in which 50 subjects consumed 300 mg of ESM for 8 weeks
found an 18.3% net reduction in viscoelasticity (R6) versus placebo [20]. As such,
ESM has shown promise to resist two of the major damaging effects (laxity and
elastosis) of intrinsically aged skin.

Owing to the promise of this prior research of ESM as a “beauty from within”
oral supplement, we set out to conduct an RCT with this material to evaluate a
broader set of hair, skin, and fingernail parameters in a larger study population

with a longer study duration.

2. Patients and Methods
2.1. Study Design

This study was conducted according to a single center, randomized, double-blind,
placebo-controlled design in accordance with the U. S. Food & Drug Administra-
tion’s principles of Good Clinical Practice (Title 21, Code of Federal Regulations,
Parts 50 & 56 and ICH E6) and the Declaration of Helsinki (1996 version). The
study protocol was approved by an independent, registered institutional review
board (IRB), IRB Solutions, and subjects provided their written informed consent
in order to participate. After meeting all inclusion/exclusion criteria at screening,
eligible subjects were then randomized to receive either ESM powder or placebo
in the order in which they were enrolled in the study using a permuted block ran-
domization table consisting of four subjects per block. Treatment consisted once
daily orally of either 300 mg of ESM powder or placebo. Treatment compliance
was checked at clinic visits by participant interview and by counting the number
of unused doses of the study capsules. All participants, clinical staff, and study
management staff remained blinded to treatment assignment throughout the
study.

Subjects completed skin, hair, and fingernail 10-point ordinal questionnaires at
baseline and after 6 weeks and 12 weeks of treatment to evaluate their subjective
responses to treatment effects for skin (appearance, texture, and overall health),
hair (thickness, texture, overall health, and growth rate), and fingernails (appear-
ance, strength, and growth rate). Following a period of 10 - 30 minutes at the study
facility for acclimation to the study center environment, skin hydration was meas-
ured with a Corneometer® CM825 probe, TEWL was measured with a Tewameter®
TM300 probe, and elasticity, firmness, and visco-elasticity were measured with a
Cutometer® probe, all attached to a Courage + Khazaka (Cologne, Germany) Cut-

ometer® MPA 580 with CTplus control software. Three replicate measurements
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for each parameter were taken of the skin of the anterior region of the temporal
fossa of the face (the crow’s feet area). The Corneometer® CM825 probe assesses
skin surface hydration by electrical capacitance using the stratum corneum as a
dielectric membrane. Measurements are arbitrarily expressed as indices of hydra-
tion (0 - 99), which increase with increasing skin hydration. A score less than 30
implies very dry skin; a score of 30 - 60 indicates dry skin; and a score over 60
implies sufficiently moisturized skin (C + K Technical Guide). Moisture is con-
stantly evaporating from the skin, however as the barrier function of the skin de-
clines this evaporation rate increases. The Tewameter® TM300 probe continuously
assesses the density gradient of the water evaporating from the skin indirectly via
two pairs of sensors (temperature and relative humidity) inside a dual-open-
ended hollow cylinder. Measurements were obtained over 25 seconds (s) and are
expressed as evaporation rate in g/m*/h, which decrease with decreasing TEWL.
With healthy skin, a TEWL between 5 and 15 g/m?*/h can be expected for room
conditions of 20 - 22°C and 40 - 60% relative humidity (RH) (C + K Technical
Guide). The Cutometer® probe assesses skin firmness, elasticity, and viscoelastic-
ity based on the well-established suction method that uses suction to draw the skin
into the aperture of a probe. The resistance of the skin to deformation by a con-
stant negative pressure (firmness) and its ability to return to its original position
(elasticity/viscoelasticity) were evaluated. Measurements of the biomechanical
properties of skin were performed with a 4 mm diameter probe according to the
manufacturer’s instructions with the following instrument settings: Mode 1, 450
mbar, on-time: 3 s, off-time: 3 s. The RO (or Uf) parameter measures the maxi-
mum amplitude of skin deformation in mm and represents the passive behavior
of the skin to force (firmness). Greater skin firmness results in a decrease in the
RO value. The R2 (or Ua/Uf) parameter measures the ratio of the complete (elas-
tic + viscous) recovery of the skin to its original shape to the maximal skin de-
formation (total elasticity). Greater total skin elasticity results in an increase in
the R2 value. The R5 (or Ur/Ue) parameter measures the ratio of the elastic re-
covery of skin to the elastic deformation of the skin (net elasticity). Greater net
skin elasticity results in an increase in the R5 value. The R6 (or Uv/Ue) parameter
measures the ratio of the viscoelastic skin deformation to the elastic skin defor-
mation (viscoelasticity). Greater skin viscoelasticity results in a decrease in the R6

value.

2.2. Patients

All men and women, 35 - 70 years of age, who were generally healthy and free
from any chronic skin conditions were considered for enrollment in the study.
Subjects were required to discontinue all current prescription or over-the-counter
(OTC) topical or oral medications expected to improve the health of skin, hair, or
fingernails for the duration of the study (e.g. tretinoin, isotretinoin, hyaluronic
acid, collagen, topical steroids, oral or topical antibiotics, topical retinol, topical

benzoyl peroxide, topical glycolic acid, topical salicylic acid, etc.) in order to
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participate. Subjects that were currently using skin, hair, or fingernail medications
were eligible to participate in the study following a 30-day washout period. Sub-
jects were excluded if they were a current smoker or if they had smoked cigarettes,
cigars, a pipe, etc. for 3 months prior to screening and they had to be willing to
remain non-smoking for the duration of the study (the use of “vape” pens was
allowed). They were further excluded if they had ever had facial cosmetic surgery
affecting skin elasticity/flexibility (e.g. face lift, etc.) or if they had Botox® or an-
other facial injection (dermal filler) at or near the temple area within 6 months of
screening. Moreover, subjects were excluded if they had undergone any medical
procedure that would materially affect the appearance, texture, or elasticity of skin
at or near the evaluation site (e.g. chemical peel, laser resurfacing, dermaplaning,
microdermabrasion, etc.) within 6 months prior to screening or if they had expe-
rienced within 30 days prior to screening any clinically significant confounding
disease or condition that would interfere with the study evaluation (e.g. an allergic
response resulting in hives or other skin manifestation, an outbreak of rosacea, a
severe sunburn, eczema, psoriasis, skin cancer, etc.). Other exclusionary criteria
were: body weight 350 pounds (159 kg) or greater, a known allergy to eggs or egg
products, or pregnant or breastfeeding women. Subjects previously enrolled in a
research study involving an investigational product (drug, device, or biologic) or
a new application of an approved product, within 30 days of screening were also

excluded from participating in the trial.

2.3. Clinical Endpoints/Treatment Response

The primary endpoint for the study was any statistically significant improvement
in skin elasticity in the anterior region of the temporal fossa of the face versus
placebo evaluated at 12 weeks of treatment based upon measurements taken with
the Cutometer® MPA 580 multi-probe system. Secondary endpoints were any sta-
tistically significant improvement in skin firmness, viscoelasticity, TEWL or hy-
dration in the anterior region of the temporal fossa of the face versus placebo eval-
uated at 12 weeks of treatment based upon measurements taken with the Cutome-
ter® MPA 580 multi-probe system. An additional secondary endpoint was any sta-
tistically significant improvement in skin appearance, texture or overall health
versus placebo evaluated at 12 weeks of treatment determined via a Patient’s As-
sessment. A final secondary endpoint was any statistically significant improve-
ment in hair thickness, texture, overall health, or growth rate or fingernail appear-
ance, strength or growth rate versus placebo evaluated at 12 weeks of treatment as

determined via a Patient’s Assessment.

2.4. Investigational Product

For this clinical study, 400 mg of Ovolux™ powder (Lot#4013260) containing 300
mg of ESM or placebo (300 mg of psyllium husk fiber powder) were provided in
#0 vegetarian capsules by ESM Technologies, LLC (Carthage, MO USA). Psyllium

husk fiber was chosen as a placebo due to its resemblance to ESM powder and its
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lack of effect on skin health. Treatment and placebo capsules were identical in
appearance, odor, and taste and were stored in closed containers at ambient tem-
perature. Participants were initially provided a 6-week supply of capsules and were
instructed to take one capsule daily with water, approximately the same time each
morning with breakfast. An additional 6-week supply of capsules was provided at
the Week 6 clinic visit.

2.5. Safety/Adverse Events

Secondary objectives of the study were to evaluate the tolerability and safety or
any adverse reactions associated with ingestion of ESM powder. Subjects provided
a complete medical history and vital signs (resting heart rate, blood oxygenation)
were obtained. Additionally, participants’ self-assessment diaries were reviewed
at each clinic visit and any adverse events were recorded and reported in accord-
ance with applicable FDA regulations. Adverse events and serious adverse events
were assessed by the clinical investigator and were followed until resolution, as
necessary. Serious adverse events were required to be reported to the clinical mon-

itor immediately.

2.6. Statistical Analysis

The hypothesis for this study was that the treatment group would be superior to
that of the placebo group in improving skin elasticity over 12 weeks. A 15% abso-
lute change in the mean treatment response (ESM would improve elasticity by an
average of at least 15% more in the treatment group than in the placebo group)
was expected based upon results from a previously published ESM skin evaluation
trial [20]. We therefore estimated that a sample size of 24 subjects would need to
be enrolled to provide the study with a statistical power of 80% to detect a clini-
cally meaningful difference between the treatment group and the placebo group,
assuming a rate of response of +15% for the treatment group and a rate of re-
sponse of 0% for the placebo group, with no dropouts. Since the actual enrollment
for the study was 63 subjects with one dropout, this should be sufficient to pro-
vide adequate safety and comparative effectiveness information. Descriptive sta-
tistics were calculated including mean age, height, weight, body mass index
(BMI), and blood oxygenation, and comparisons of this demographic data were
made with a Kolmogorov-Smirnov test for independent distributions at baseline
to validate randomization. Following evaluation for normality (Shapiro-Wilk),
post-baseline between-group statistical analyses were done utilizing either an in-
dependent group Mann-Whitney test for multiple comparisons for non-paramet-
ric data (elasticity, firmness, viscoelasticity, TEWL, hair, skin, and fingernail ques-
tionnaires) or an independent group t test for parametric data (hydration). Post-
baseline within-group statistical analyses were done utilizing repeated measures
analysis of variance (rm-ANOVA). In all cases, statistical significance was ac-
cepted at p < 0.05. Analysis of the primary endpoint, as well as all secondary end-

points was conducted on the intent-to-treat (ITT) population (Ze. including all
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randomized patients with at least one efficacy assessment after randomization).
The last observation carried forward (LOCF) approach was used for patients who
made at least one follow-up visit but who did not complete the study (lost to fol-
low-up). GraphPad Prism® Software (version 10.3.0) was used for all statistical

analyses [21].

3. Results

Recruitment began in November 2023 at a single clinical site in Missouri and the
final follow-up was conducted in March 2024. Sixty-three (63) male and female
subjects were screened and a total of 63 subjects between the ages of 35 and 66
years were enrolled in the trial and underwent randomization. Thirty-one subjects
(49.2%) were randomized to the placebo group and 32 subjects (50.8%) were ran-
domized to the ESM treatment group (Figure 1). All subjects that completed the
study did so per the protocol and there was one dropout. Compliance with the
study treatment regimen was good in both treatment groups, as judged by capsule
count at the final clinic visit. The mean room conditions across baseline, Week 6
and Week 12 were: temperature 23.7°C, 34.1% RH.

Enrollment

‘ Assessed for eligibility (n=63)

Excluded (n=0)
+ Not meeting inclusion criteria (n=0)
+ Declined to participate (n=0)

+ Other reasons (n=0)

‘ Randomized (n=63) |

Allocation ] 4

[§

Allocated to NEM intervention (n=32)
+ Received allocated intervention (n=32)
+ Did not receive allocated intervention (n=0)

Allocated to placebo intervention (n=31)
+ Received allocated intervention (n=31)
+ Did not receive allocated intervention (n=0)

Follow-Up v

)
Lost to follow-up (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=1) Discontinued intervention (n=0)

Analysis v

Analysed (n=31)

Analysed (n=32)

Figure 1. A CONSORT trial participant flow diagram for the present study.

3.1. Participant Characteristics and Demographics

Participant demographic data (Table 1) was initially evaluated to verify random-
ization. There were no abnormalities in any of these baseline evaluations (not
shown). One subject (1.6%) withdrew from the study before the 6-week timepoint;
however, their last observation was carried forward and therefore was included in

all subsequent data analyses.
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Table 1. Participant baseline demographic data.

Ovolux ESM (n = 32) Placebo (n = 31)
Age, yrs 50.6 £ 9.5 485+74
Sex
Female (%) 24 (75) 19 (61)
Male (%) 8(25) 12 (39)
Height, cm 169 £ 10 172 £ 11
Weight, kg 83.4+£20.9 90.0 £18.1
BMI, kg/m? 29.0+5.7 303+6.2
Blood Oxygenation, % 979+ 14 97.3+1.2

Notes: Except where indicated otherwise, values are reported as mean * standard devia-
tion. Vital signs were obtained after at least 15 minutes, while seated. Abbreviations: BMI,
body mass index, calculated as weight in kilograms divided by the square of height in me-
ters.

A clinical comparison of valid subjects was carried out to obtain mean scores
for both the subjective outcome measures (skin, hair & fingernail questionnaires)
and the objective outcome measures (hydration, TEWL & firmness/elasticity) af-
ter six weeks and twelve weeks of treatment. Absolute Treatment Effects (TEus)
for all outcome measures were calculated as the net difference of treatment versus
placebo for the mean change in treatment effect from baseline for each group ex-
pressed as a percentage. Positive values represent superior results in the ESM
treatment group for hydration, total elasticity, and net elasticity, whereas negative
values represent superior results in the ESM treatment group for TEWL, firmness,

and viscoelasticity.

3.2. Outcome Measures/Endpoints

Statistical analysis of the primary outcome measure (total elasticity, R2) revealed
that supplementation with ESM produced a significant treatment response versus
placebo after both six weeks (TEqps +8.4%, p = 0.019) and twelve weeks of treat-
ment (TEas +12.2%, p = 0.002) (Table 2). Within-group improvement from base-
line was also statistically significant for total elasticity for the ESM treatment
group at both timepoints (Week 6, +8.0%, p = 0.001; Week 12, +11.2%, p < 0.001),
whereas neither timepoint was significant for the placebo group. There were also
significant treatment responses versus placebo for firmness (R0), net elasticity
(R5), and viscoelasticity (R6) at both timepoints (R0: Week 6, TE.ws —23.9%, p <
0.001; Week 12, TE.;s —16.8%, p = 0.002) (R5: Week 6, TE.,s +9.5%, p = 0.013;
Week 12, TE.bs +10.6%, p = 0.032) (R6: Week 6, TEq -17.9%, p < 0.001; Week 12,
TEas —17.7%, p < 0.001). Within-group improvement from baseline was also sta-
tistically significant for firmness (R0) at Week 6 (+7.4%, p = 0.006), whereas the
placebo group worsened significantly from baseline at both timepoints (Week 6,
—16.5%, p < 0.001; Week 12, —13.2%, p < 0.001). Within-group improvement from
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baseline was also significant for net elasticity (R5) for the ESM treatment group at
both timepoints (Week 6 +10.8%, p = 0.002; Week 12 +10.6%, p = 0.008), whereas
neither timepoint was significant for the placebo group. Viscoelasticity (R6) also
improved significantly within-group at both timepoints for the ESM treatment
group (Week 6, —10.7%, p = 0.002; Week 12, —10.0%, p = 0.005), while the placebo
group significantly worsened at both timepoints (Week 6, +7.2%, p = 0.031; Week
12, +7.7%, p = 0.025). There was a moderate significant absolute treatment effect
for skin hydration versus placebo at both 6 weeks (TE.ss +8.3%, p = 0.010) and 12
weeks (TE.us +8.6%, p = 0.019) of treatment. The skin hydration with ESM treat-
ment decreased modestly within-group by Week 6 (-5.6%, p = 0.040) but essen-
tially recovered by Week 12 (-0.9%, p = 0.850), whereas the placebo group signif-
icantly worsened from baseline at both timepoints (Week 6, —15.4%, p < 0.001;
Week 12, —=10.5%, p = 0.010). TEWL was not significantly different from placebo
at either timepoint and there were no significant within-group changes for either

treatment group.

Table 2. Mean skin hydration, TEWL, firmness, total elasticity, net elasticity, and viscoelasticity as measured with a Cut-
ometer® MPA 580 in Ovolux ESM-treated and placebo groups at baseline and after 6 weeks and 12 weeks of supplementa-

tion.

Hydration

TEWL, g/m*h

Firmness, mm (RO)

Total Elasticity, % (R2)

Net Elasticity, % (R5)

Viscoelasticity, % (R6)

Time Post-Dose Treatment Ovolux Absolute Placebo Treatment P-value
ESM Effect (Tx vs Pbo)

Baseline (n = 32, 31) 434 +£10.6 41.7 £12.0 - 0.548
6 Weeks (n = 32, 31) 41.0 £ 12.2* 353 + 11.0** +8.3% 0.010
12 Weeks (n = 32, 31) 43.0 £ 10.1 37.3 +10.1* +8.6% 0.019
Baseline (n = 32, 31) 19.1+6.8 173+ 4.0 - 0.519
6 Weeks (n =32, 31) 18.1+7.3 16.6 £ 5.0 -1.2% 0.730
12 Weeks (n = 32, 31) 18.6 5.5 173 +5.1 -2.6% 0.289
Baseline (n = 32, 31) 0.363 £ 0.084 0.330 £ 0.060 - 0.375
6 Weeks (n = 32, 31) 0.336 + 0.066** 0.385 + 0.076** -23.9% <0.001
12 Weeks (n = 32, 31) 0.350 £0.073 0.374 £ 0.077** -16.8% 0.002
Baseline (n = 32, 31) 75.1 +12.0 77.6 +£10.7 - 0.377
6 Weeks (n =32, 31) 81.1 £ 11.4** 77.3£9.6 +8.4% 0.019
12 Weeks (n = 32, 31) 83.5 + 8.8%* 76.8 £ 9.1 +12.2% 0.002
Baseline (n = 32, 31) 82.2+24.4 86.1 +22.3 - 0.414
6 Weeks (n = 32, 31) 90.0 + 22.3* 87.2+15.6 +9.5% 0.013
12 Weeks (n = 32, 31) 89.8 +24.3** 86.1 £ 19.1 +10.6% 0.032
Baseline (n = 32, 31) 49.2+8.3 47.1+94 - 0.345
6 Weeks (n =32, 31) 43.9 £ 9.3%* 50.5 + 9.3 -17.9% <0.001
12 Weeks (n = 32, 31) 44.3 £ 9.4%* 50.7 £ 9.8% -17.7% <0.001

Except where indicated otherwise, values are reported as mean + standard deviation (SD). **P < 0.01, *P < 0.05 within-

group versus baseline. TEWL = trans-epidermal water loss. Tx = treatment, Pbo = placebo
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Figure 2. Mean skin appearance (a), texture (b), and overall health (c), and hair thickness (d), texture (e),

and overall health (f) questionnaire scores in Ovolux ESM-treated and placebo groups at baseline and after 6

weeks and 12 weeks of supplementation.

There were statistically significant improvements in the ESM treatment group
versus placebo for skin appearance, texture, and overall health as determined by
patient assessments (Figure 2(a-c)). There was a modest but significant absolute
treatment effect for skin appearance versus placebo at both 6 weeks (TE.ps +2.8%,
p = 0.045) and 12 weeks (TEw. +6.1%, p = 0.028) of treatment. Within-group
improvement from baseline was also significant for skin appearance for the ESM
treatment group for Week 12 (+15.7%, p = 0.002), whereas the placebo group
results were non-significant at both timepoints. Similarly, there was a moderate
significant absolute treatment effect for skin texture versus placebo at both 6
weeks (TEws +5.7%, p = 0.049) and 12 weeks (TEws +7.0%, p = 0.033) of treat-
ment. Within-group improvement from baseline was also significant for skin tex-
ture for the ESM treatment group for Week 12 (+14.4%, p = 0.028), whereas the
placebo group results were non-significant at both timepoints. There was addi-
tionally a small but significant absolute treatment effect for overall skin health
versus placebo at both 6 weeks (TEas +1.3%, p = 0.010) and 12 weeks (TEaps
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+4.0%, p = 0.010) of treatment. Within-group improvement from baseline was
also significant for overall skin health for the ESM treatment group for Week 12
(+10.4%, p = 0.032), whereas the placebo group results were non-significant at
both timepoints.

There were also statistically significant improvements in the ESM treatment
group versus placebo for hair texture and overall hair health as determined by
patient assessments (Figure 2(e-f)). Hair thickness was not significantly different
from placebo at either timepoint, despite the fact that there was a statistically sig-
nificant within-group improvement from baseline for the ESM treatment group
for Week 12 (+11.4%, p = 0.036), whereas the placebo group results were non-
significant at both timepoints. There was a significant absolute treatment effect
for hair texture versus placebo at 12 weeks (TEas +23.8%, p = 0.026) of treatment.
Within-group improvement from baseline was also significant for hair texture for
the ESM treatment group for Week 12 (+28.4%, p < 0.001), whereas the placebo
group results were non-significant at both timepoints. There was additionally a
significant absolute treatment effect for overall hair health versus placebo at 12
weeks (TEaps +22.9%, p = 0.027) of treatment. Within-group improvement from
baseline was also significant for overall hair health for the ESM treatment group
at both 6 weeks (+16.1%, p = 0.033) and 12 weeks (+30.5%, p < 0.001) of treat-
ment, whereas the placebo group results were non-significant at both timepoints.
Hair growth rate was not significantly different from placebo at either timepoint,
despite the fact that there was a statistically significant within-group improvement
from baseline for the ESM treatment group for Week 12 (+19.8%, p = 0.013),
whereas the placebo group results were non-significant at both timepoints.

Fingernail appearance was not significantly different from placebo at either
timepoint. There was, however, a statistically significant within-group improve-
ment from baseline for the ESM treatment group for Week 12 (+25.7%, p = 0.005).
Similarly, fingernail strength was not significantly different from placebo at either
timepoint. Nonetheless, there was a statistically significant within-group improve-
ment from baseline for the ESM treatment group for Week 12 (+15.7%, p = 0.040).
Fingernail growth rate was also not significantly different from placebo at either
timepoint and there were no within-group changes in either treatment group. Al-
ternatively, evaluating the fingernail data for females only, resulted in significant
absolute treatment effects for appearance (TEaps +6.7%, p = 0.059), strength (TEap,
+10.0%, p = 0.035), and growth rate (TE.ss +3.8%, p = 0.020) versus placebo at 12

weeks.

3.3. Safety Outcome

Throughout the twelve-week study, there were forty-three (43) adverse events
(AEs) reported by the ESM treatment group, the most common of which were
eighteen (18) instances of cold/flu/sinus congestion and ten (10) instances of
headache. None of the treatment group AEs were judged by the clinical investiga-
tor to be associated with treatment. There were forty (40) AEs reported by the
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placebo group, the most common of which were thirteen (13) instances of head-
ache and twelve (12) instances of cold/flu/sinus congestion. None of the placebo
group AEs were judged by the clinical investigator to be associated with treatment.
There was no obvious difference in the pattern of AEs between the two treatment
groups and there were no serious AEs reported in either treatment group. The

treatment was reported to be well tolerated by study participants.

4. Discussion

Because ESM closely resembles the ECM constituents of human skin, it is not par-
ticularly surprising that ESM has shown significant benefits when used topically
for wound healing [22] [23]. Perhaps more interesting is that oral supplementa-
tion with ESM has proven so impactful on the health of skin, the so-called “beauty
from within” effect. The present study not only confirmed the total elasticity re-
sults from prior pilot studies [18] [19], it extended these beneficial effects to the
objective measures of skin hydration, firmness, net elasticity, and viscoelasticity,
as well as the subjective measures of skin appearance, skin and hair texture, and
skin and hair health overall. And in females only, there were additional benefits
for subjective measures of fingernail strength and growth rate.

Ovolux™ ESM provided significant improvement (+8.4%) versus placebo in the
primary outcome measure total elasticity (R2) after just 6 weeks, and this benefit
increased to +12.2% by the end of the study (12 weeks). ESM also produced sim-
ilar improvements in net elasticity (R5) (+9.5% and +10.6%, respectively), visco-
elasticity (R6) (—=17.9% and —17.7%, respectively), and firmness (R0) (-23.9% and
—-16.8% respectively). Collectively, these broad-based effects on critical biome-
chanical skin properties demonstrate the naturally occurring, multi-faceted ap-
proach to ameliorating the clinical signs of aging that results from oral supple-
mentation with ESM. Accordingly, ESM helps skin to resist epidermal thickening
(ie it maintains elasticity), to resist dermal thinning (Ze. it maintains viscoelas-
ticity), and to resist skin laxity and elastosis (Ze. it maintains firmness) found in
intrinsically aging skin. These effects likely arise from calcium signaling and GP6
signaling pathways that were shown to be substantially upregulated by oral sup-
plementation with ESM in a mouse model of skin aging [16]. The latter pathway
is particularly important as it plays a crucial role in collagen synthesis, and Fu-
rukawa, et al. found a 2-fold to 3-fold upregulation of the collagen synthesis genes
Collal and Col2al, the fibroblast growth factor gene Fgfl, and the hyaluronic acid
synthesis gene Has2, along with numerous others [16].

ESM also supplied a benefit for skin hydration during the study (+8.3% and
+8.6%, respectively). This demonstrated meaningful protection against the drying
effects from winter weather (the season during which the present study was con-
ducted) as the placebo group skin hydration dropped by over 10% during the
course of the study, whereas the ESM treatment group skin hydration was essen-
tially unaffected. ESM did not provide a benefit for the related parameter TEWL

in the present study. Interestingly, this is consistent with what Gil-Quintana, et al.
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found for TEWL in their dermal study of ESM [20]. It isn’t clear why ESM would
maintain hydration without a concomitant effect on TEWL, particularly in light
of the effects observed by Sim, ef al. in photoaged skin of mice [17]. It could be
that the treatment effect was just too small to be significant in this and previous
studies versus the >100% deficit in TEWL produced in the Sim, et al. study design.
It could also be related to the fact that the room conditions in the present study
(23.7°C, 34.1% RH) were warmer and drier than the conditions recommended by
the Tewameter® TM300 probe manufacturer (20 - 22°C, 40% - 60% RH).

The objective results determined with the various Cutometer® MPA 580 probes
are of obvious importance, however it is also critical to demonstrate that these
measures translate to the subjective perceptions of the participants. This was in-
deed the case in the present study, as subjects found noticeable improvements in
the appearance, texture, and overall health of their skin compared to placebo sub-
jects at both 6 weeks (+2.8%, +5.7%, +1.3%, respectively) and 12 weeks (+6.1%,
+7.0%, +4.0%, respectively). This confirms that the improvements in skin biome-
chanical properties from ESM supplementation determined with the Cutometer®
are large enough to be perceived by the study participants.

Similar benefits were observed for hair texture and overall health at 12 weeks
(+23.8% and +22.9%, respectively). It is consistent that skin would benefit earlier
from oral ESM than would an associated appendage like hair, that is derived from
differentiated keratinocytes. Human hair grows roughly 1.1 cm per month [24],
which could make it difficult for participants to evaluate not only growth rate but
also thickness and texture in just 6 weeks. This would reasonably explain the lack
of significance at 6 weeks versus placebo, despite a significant (+16.1%) within-
group improvement in overall hair health in the ESM treatment group at 6 weeks.

Although fingernail improvements were not noted in the treatment group
overall versus placebo, there were some benefits in females only for strength and
growth rate at 12 weeks (+10.0% and +3.8%, respectively). Again, it is consistent
that skin would benefit earlier from oral ESM than would an associated appendage
like fingernails. Human fingernails grow roughly 3 mm per month [25], which
could make it difficult for participants to evaluate appearance, strength, and
growth rate in just 3 months. It is unclear why this effect would only be observed
in female subjects, however this may be due to the fact that these subjects are often
more attentive to the condition of their fingernails than are their male counter-
parts.

There was a moderate number of adverse events (AEs) in the trial, all of which
were deemed unrelated to treatment, and no serious AEs occurred. Although
there were a greater number of AEs in the ESM group (52%) versus the placebo
group (48%), there were no obvious trends in these occurrences. The vast majority
of AEs in both groups were related to cold/flu/sinus congestion and headaches,
which is consistent with a study conducted during the height of cold and flu sea-
son in the U. S. No side effects were noted in this trial. Food-derived natural prod-

ucts such as eggshell membrane would be expected to have a robust safety profile,
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and this appears to be borne out in this study.

One limitation of the present study was that subjects had healthy hair, skin, and
fingernails. That is, there were a moderate number of subjects in both the ESM
and placebo (pbo) groups for whom their hair, skin, and fingernails were suffi-
ciently healthy that they couldn’t improve (hair, 11 subjects [6 ESM, 5 pbo]; skin,
13 subjects [8 ESM, 5 pbo]; fingernails, 9 subjects [3 ESM, 6 pbo]). These subjects
were, in essence, non-responders. In practical terms, this reduced the study size
by 14% - 21%, which would in turn reduce the sensitivity of the questionnaires to
detect differences. This could partially explain why hair and fingernail changes
weren’t detected until the end of the study, at 12 weeks. Also of note, nearly all of
these subjects were age 50 years or younger. Future investigations should probably

limit the subject population to 45 years and older.

5. Conclusion

Ovolux™ ESM, 400 mg daily, provided significant broad-based improvements in
critical biomechanical skin properties versus placebo, including elasticity, firm-
ness, and viscoelasticity. These effects, along with improvement in skin hydration,
were observed as early as 6 weeks and continued through the end of the 12-week
study. Moreover, there were significant improvements versus placebo in skin ap-
pearance, skin and hair texture, and skin and hair health overall, as well as finger-
nail strength and growth rate in females only. Treatment with ESM was reported
to be well-tolerated. Ovolux™ ESM appears to be a natural solution to help skin to
resist the epidermal thickening, the dermal thinning, and the skin laxity and elas-

tosis found in intrinsically aging skin.
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