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Purpose: Despite its many health benefits, moderate exercise can induce joint discomfort
when done infrequently or too intensely even in individuals with healthy joints. This study
was designed to evaluate whether NEM® (natural eggshell membrane) would reduce exercise-
induced cartilage turnover or alleviate joint pain or stiffness, either directly following exercise
or 12 hours post exercise, versus placebo.

Patients and methods: Sixty healthy, postmenopausal women were randomly assigned to
receive either oral NEM 500 mg (n=30) or placebo (n=30) once daily for two consecutive weeks
while performing an exercise regimen (50—100 steps per leg) on alternating days. The primary
endpoint was any statistically significant reduction in exercise-induced cartilage turnover via
the biomarker C-terminal cross-linked telopeptide of type-II collagen (CTX-II) versus placebo,
evaluated at 1 and 2 weeks of treatment. Secondary endpoints were any reductions in either
exercise-induced joint pain or stiffness versus placebo, evaluated daily via participant question-
naire. The clinical assessment was performed on the per protocol population.

Results: NEM produced a significant absolute treatment effect (TE ) versus placebo for
CTX-II after both 1 week (TE —17.2%, P=0.002) and 2 weeks of exercise (TE_,_ —9.9%,
P=0.042). Immediate pain was not significantly different; however, rapid treatment responses
were observed for immediate stiffness (Day 7) and recovery pain (Day &) and recovery stiff-
ness (Day 4). No serious adverse events occurred and the treatment was reported to be well
tolerated by study participants.

Conclusion: NEM rapidly improved recovery from exercise-induced joint pain (Day 8) and
stiffness (Day 4) and reduced discomfort immediately following exercise (stiffness, Day 7).
Moreover, a substantial chondroprotective effect was demonstrated via a decrease in the cartilage
degradation biomarker CTX-II. Clinical Trial Registration number: NCT02751944.
Keywords: chondroprotective, CTX-II, cartilage degradation, breakdown

Introduction

Exercise is an integral component of a healthy lifestyle and is regularly practiced
by hundreds of millions of people throughout the world. It is recommended that
adults should complete 30 minutes or more of moderate-intensity (aerobic) physical
activity every — or nearly every — day.! Exercise is known to impart a multitude of
health benefits, particularly in the prevention of a number of chronic diseases such
as cardiovascular disease? and type II diabetes® and reduces the incidence and detri-
mental effects of obesity,* which is known to contribute to the development of these
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and other chronic diseases. As people age, physical activity
gains even greater importance with the need to maintain
articular joint flexibility, lessen frailty, and improve balance
to reduce the risk of falls’ that can lead to increased disability
and mortality rates in older adults.’ Numerous studies have
demonstrated the beneficial effects of exercise in relieving
osteoarthritis (OA) symptoms,® particularly for weight-
bearing joints such as the knees or hips, and exercise is
recommended by the American College of Rheumatology
as a nonpharmacologic therapy for OA.° There is even some
clinical evidence to suggest that exercise may play a role in
the prevention of OA.!°

Despite the fact that articular joints are designed for and
intended to move, moderate exercise can still induce discom-
fort in joints when done infrequently, or too intensely, or with
too great a load, or for too long a period. This discomfort is
often realized as either pain or stiffness in the joint that was
the focus of the exercise. Whether this short-term insult to
the joint and connective tissues leads to degenerative disease
over the long-term remains to be answered definitively. What
is clear is that lack of physical activity (immobility) has sig-
nificant detrimental effects (morphological, biochemical, and
biomechanical) on all joint tissues (eg, ligaments, tendons,
cartilage, synovial fluid, joint capsule, and bone). Ligament
fibers lose integrity and weaken biomechanically, periar-
ticular muscles and associated tendons atrophy destabilizing
the joint, articular cartilage atrophies (loss of cartilage thick-
ness) and lesions form at points of contact, hyaluronic acid
content of synovial fluid lessens reducing its lubricating
ability, fibro-fatty connective tissue proliferates from the joint
capsule (synovium) into the joint space creating adhesions,
and periarticular bones become osteoporotic and fragile.!
Fortunately, all of these negative effects are reversible given
sufficient time and gradual reloading during the resumption
of physical activity.'? Interestingly, many of the detrimental
effects seen with joint immobility or lack of physical activity
mirror the morphological, biochemical, and biomechanical
changes seen in the pathology of OA."

Cartilage is primarily composed of extracellular matrix
(ECM), a composite network of proteins such as type-II
collagen interacting with negatively charged polysaccharides
such as hyaluronic acid and chondroitin sulfate, all of which
are synthesized and secreted by chondrocytes. During normal
cartilage turnover (metabolism) in healthy articular joints,
ECM production balances ECM breakdown, thereby ensuring
the continuous renewal of this critical joint-cushioning tissue.
However, pathologic conditions such as OA are characterized
by an imbalance in cartilage turnover, in which catabolic

processes predominate over anabolic processes. ECM
synthesis cannot keep pace with degradation and a loss of
structural integrity of articular cartilage results. This cartilage
metabolism imbalance coupled with biomechanical stress
in the joint leads to chronic inflammation and ultimately
irreversible joint destruction. These cartilage degradation
products can be found in the blood and urine of both healthy
and arthritic subjects.

A number of biomarkers of cartilage turnover have been
investigated for their diagnostic and prognostic properties.'
Of these biomarkers, C-terminal cross-linked telopeptide of
type-1I collagen (CTX-II), a marker of cartilage degrada-
tion, has shown the most potential. It has been associated
with both the incidence and progression of OA in multiple
clinical trials'*!> and is predictive of the progression of OA
both radiographically,'® including two =5 year longitudinal
studies,'”!® and by MRL." Urinary CTX-II (uCTX-II) levels
are known to be substantially elevated in those afflicted with
articular joint diseases like OA and rheumatoid arthritis
(RA), but levels are also known to be elevated in a variety
of healthy subsets of the population, as well. For example,
uCTX-II levels in growing children are about 50-fold higher
than that of adults.® uCTX-II levels have been shown to
be elevated because of high-impact, strenuous exercise
in healthy college-aged endurance athletes such as cross-
country runners by about 85% over age- and weight-matched
controls, but were not significantly elevated in lower-impact
endurance athletes like swimmers and rowers.?' uCTX-II has
also been shown to be about twofold higher in postmeno-
pausal women versus age-matched premenopausal women
and moderately elevated (~25%) in overweight persons (body
mass index [BMI], =25 kg/m?) versus normal weight controls
(BMI <25 kg/m?).2

Eggshell membrane (ESM), found between the calcified
shell and the albumin in chicken eggs, is primarily composed
of fibrous proteins such as collagen Type 1,2 which form the
mesh-like structure of the bilayered material. ESMs have also
been shown to contain other bioactive components, namely,
glycosaminoglycans (ie, dermatan sulfate, chondroitin
sulfate, hyaluronic acid, etc).** ESM is known to reduce
the expression of various pro-inflammatory cytokines,
including the key mediators of inflammation interleukin-1
beta (IL-1B) and tumor necrosis factor-alpha (TNF-o) both
in vitro® and in vivo.?® A proprietary form of ESM, com-
mercially available as the branded product NEM® (natural
eggshell membrane); ESM Technologies, LLC, Carthage,
MO, USA), has demonstrated safety and efficacy in multiple
clinical trials in relieving joint pain and stiffness in humans
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with OA?"% and has been shown to reduce CTX-II levels in
rat models of both OA3® and RA*! and in naturally occurring
joint disease in dogs.*

Because of the importance of exercise to overall health
and disease prevention particularly as it relates to the long-
term health of joints and joint disease, there is a need to
evaluate therapeutics that can not only protect joints from
the potential detrimental effects from exercise but also
reduce the resultant pain and stiffness from exercise thereby
encouraging adherence to a regular exercise regimen. Taking
into account the apparent sensitivity of articular cartilage to
increased joint strain in postmenopausal women, a 2-week
randomized controlled trial was conducted to evaluate the
effects of NEM brand ESM on exercise-induced joint pain,
stiffness, and cartilage turnover in healthy, postmenopausal
women. The results are presented herein.

Patients and methods
Study design

This study was conducted utilizing the services of a clinical
contract research organization (QPS Bio-Kinetic, Springfield,
MO, USA) according to a single-center, randomized,
double-blind, placebo-controlled, parallel-group design in
accordance with the US Food and Drug Administration
(FDA)’s principles of Good Clinical Practice (Title 21,
Code of Federal Regulations, Parts 50 and 56 and ICH E6)
and the Declaration of Helsinki (1996 version) (Clinical
Trial Registration Number NCT02751944). The study
protocol was approved by a registered institutional review
board (IRB) (Bio-Kinetic Clinical Applications IRB #1;
Reg No IRB00002771) and subjects provided their written
informed consent in order to participate. After meeting all
inclusion/exclusion criteria at screening, eligible subjects
were then randomized (1:1) to receive either NEM or placebo
in the order in which they were enrolled in the study using
a permuted block randomization table consisting of four
subjects per block. Treatment consisted once-daily orally of
either 500 mg of NEM or placebo. Treatment compliance
was checked at clinic visits by participant interview and by
counting the number of unused doses of the study capsules.
Acetaminophen was allowed for pain relief rescue, if neces-
sary. Subjects recorded the time and amount of acetamino-
phen taken in subject diaries. All participants, clinical staff,
and study management staff remained blinded to treatment
assignment throughout the study.

The intent of this study was to evaluate whether NEM
brand ESM would reduce cartilage turnover (via the CTX-II
biomarker) or alleviate joint pain or stiffness, either directly

following exercise or 12 hours post exercise (recovery),
versus placebo. Participants performed 50—100 steps per leg
utilizing a 6”-tall acrobics step at the clinical site. At screen-
ing, subjects performed 50 steps per leg, increasing by 10 at
a time per leg up to 100 steps per leg, until they experienced
at least a 1 unit change in discomfort (either pain or stiff-
ness) from their resting rating. This number of steps was
then assigned to that subject for the remainder of the study.
Participants then followed their assigned exercise regimen
on alternating days for 2 consecutive weeks (ie, Sunday,
Tuesday, Thursday, Saturday, Monday, Wednesday, and
Friday). Additionally, participants were required to provide
blood and urine samples approximately 24 hours after the
final weekly exercise visit, that is, on Friday of Week 1 and
Saturday of Week 2. Changes in pain and stiffness (both
immediate and 12-hour) and changes in CTX-II levels were
compared to those of the placebo group.

Patients

All healthy postmenopausal women, 40-75 years of age,
who had not been diagnosed with a joint or connective tis-
sue disorder of the lower extremities (ie, ankles, knees, or
hips), were considered for enrollment in the study. To be
eligible to participate, subjects must have been amenorrheic
(postmenopausal) for at least 12 months prior to baseline
evaluation, either naturally or surgically. Additionally,
subjects must not have had persistent lower-extremity joint
pain at rest; however, subjects could have experienced mild
periodic lower-extremity joint pain rated =3 on a 10-point
ordinal scale. Subjects must have been sufficiently healthy
to perform moderate exercise as judged by a medical exami-
nation including vital signs (ie, resting heart rate, blood
pressure, respiration) and an electrocardiogram (ECQ).
Subjects were required to suspend all current prescription
or over-the-counter pain relief medications (ie, nonsteroidal
anti-inflammatory drugs [NSAIDs], analgesics, opioids,
anti-depressants prescribed for painful conditions such as
fibromyalgia, or joint supplements) at least 30 days prior in
order to participate in the study. Subjects who were currently
taking analgesic or related medications were eligible to par-
ticipate in the study following a 14-day washout period for
NSAIDs, a 7-day washout period for opioids, and a 90-day
washout period for injected steroids or antidepressants. Sub-
jects currently taking joint supplements such as glucosamine,
chondroitin sulfate, curcumin, and Boswellia were only eli-
gible after a 3-month washout period. Subjects could not meet
any of the classification criteria (other than age >50 years)
according to the American College of Rheumatology for
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either OA* or RA.* Subjects were also excluded if they
were currently receiving remission-inducing drugs such as
methotrexate or immunosuppressive medications or had
received them within the past 3 months. They were further
excluded if they had a confounding inflammatory disease or
condition (gout, pseudo gout, lupus, Paget’s disease, chronic
pain syndrome, etc) that would interfere with assessment of
lower-extremity joints. Moreover, subjects were excluded
if they participated in activities involving intensive use of
the lower extremities (ie, running/jogging, sports, bicycling,
dancing, etc) two or more days per week or participated in
activities that involved moderate use of the lower extremities
(ie, walking, golfing, yoga, etc) three or more days per week.
Other exclusionary criteria were body weight 275 pounds
(125 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.

Clinical endpoints/treatment response

The primary endpoint for the study was any statistically
significant reduction in exercise-induced cartilage turnover
(via the CTX-II biomarker) versus placebo evaluated at 1 and
2 weeks of treatment. Treatment response (reduction) was
defined as either a lesser magnitude increase or a decrease
from baseline in mean uCTX-II (corrected for creatinine
[Cr]) induced by exercise in the NEM group compared to
the placebo group. Urine samples were collected from the
second void of the morning within 24 hours of completing
the final exercise period for each week. Secondary endpoints
were any statistically significant reductions in either exercise-
induced joint pain or stiffness versus placebo evaluated daily
via participant questionnaire. The questionnaire consisted
of an immediate assessment (during or up to 1 hour post
exercise) and a 12-hour assessment. Each assessment asked
the participants to rate their joint pain and stiffness on a
10-point ordinal scale with zero equating to no pain (or stiff-
ness) and 10 equating to severe pain (or stiffness). A similar
10-point ordinal scale was also used to evaluate participant
joint pain and stiffness at rest (average from the prior 7 days)
and during screening assessment, deemed baseline.

Assessment of uCTX-lI

Urine samples were collected from the second void of the
morning. Fifteen milliliters from each urine specimen were
centrifuged at 3,000 rpm for 10 minutes at 12°C-25°C.

Following centrifuging, two 5 mL aliquots were removed
by pipette and were immediately placed in a —20°C freezer.
Samples were stored frozen (—20°C) until analysis. Only a
single aliquot of the pair was subsequently thawed for initial
analysis, to avoid repeated freeze/thaw cycles that might
result in aberrant repeat assay values. Urinary concentrations
of CTX-II were measured via enzyme-linked immunosorbent
assay using a commercial immunoassay (Urine CartiLaps
EIA; Immunodiagnostic Systems, Inc, Gaithersburg, MD,
USA) and urinary Cr was measured via a colorimetric
assay (Cr (urinary) Colorimetric Assay Kit; Cayman
Chemical Company, Inc, Ann Arbor, MI, USA) according
to the manufacturers’ instructions using a SpectraMax Plus
384 microplate reader (Molecular Devices, LLC, Sunnyvale,
CA, USA). uCTX-II concentrations were subsequently nor-
malized by dividing uCTX-II expressed in micrograms per
liter (Lg/L) by urinary Cr expressed in millimoles per liter
(mmol/L), the results of which were reported as nanograms
of CTX-II per millimole of creatinine (ng/mmol Cr). Samples
were assayed in duplicate and all assays were repeated (n=4).
Duplicate assay values that were within 90% agreement were
subsequently averaged. Repeated assay means that were
within 90% agreement were further averaged. If repeat assay
means differed by more than 10%, an additional assay was
performed in duplicate with the remaining frozen aliquot
of urine. The additional repeat assay mean was either sub-
stituted for the original outlier, or if insufficient agreement
was reached with either original repeat assay mean, then all
three were averaged. About 36% of the uCTX-II assays were
repeated three times, primarily due to interassay variability.
Overall intra-assay coefficients of variation were 6.83 and
2.03 for uCTX-II and Cr, respectively.

Investigational product

The investigational product, NEM, is derived from ESM and
is manufactured via a patented process. During the manu-
facture of NEM, the ESM is partially hydrolyzed utilizing a
gentle enzymatic process, as opposed to using harsh indis-
criminate chemicals, to enhance gastrointestinal absorption
while preserving the membrane’s natural biological activity.
For this clinical study, 500 mg of NEM (Lot #8012980) or
placebo (500 mg of excipients) was provided in #0 vegetarian
capsules by ESM Technologies, LLC (Carthage, MO, USA).
Treatment and placebo capsules were identical in appear-
ance, odor, and taste and were stored in closed containers
at ambient temperature. Participants were instructed to take
one capsule daily with water, approximately the same time
each morning before eating breakfast.
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Safety/adverse events (AEs)

Secondary objectives of the study were to evaluate toler-
ability and safety or any adverse reactions associated with
ingestion of NEM. Subjects underwent a thorough medical
examination at screening and upon study completion by a
licensed physician including a complete medical history,
physical examination, vital signs, ECG, clinical chemistry,
hematology, and urinalysis. Vital signs included resting heart
rate, blood pressure, respirations, and temperature. Clinical
chemistry included alanine aminotransferase, alkaline phos-
phatase, aspartate aminotransferase, protein (total), bilirubin
(total), blood urea nitrogen, Cr, potassium, sodium, chloride,
calcium, and bicarbonate. Hematology included complete
blood count consisting of red blood cell count, hemoglobin,
hematocrit, mean corpuscular volume, mean corpuscular
hemoglobin, mean corpuscular hemoglobin concentration,
platelet count, and white blood cell count with differential
(neutrophils, eosinophils, basophils, lymphocytes, and
monocytes). Urinalysis included bilirubin, blood, glucose,
ketones, nitrites, pH, protein, specific gravity, urobilinogen,
and leukocyte esterase. Additionally, participants’ self-
assessment diaries were reviewed at each clinic visit and any
discomfort beyond what would be expected with exercise
or any other AEs were recorded and reported in accordance
with applicable FDA regulations. AEs and serious AEs were
assessed by the clinical investigator and were followed until
resolution, as necessary. Serious AEs were required to be
reported to the clinical monitor immediately.

Statistical analysis

The hypothesis for this study was that the treatment group
would be superior to that of the placebo group in limiting the
increase in uCTX-II levels resulting from moderate exercise.
A 16% absolute change in the mean treatment response
(uCTX-II would increase by an average of at least 16%
more in the placebo group than in the treatment group) was
expected based upon the prior proof-of-concept trial (unpub-
lished). We estimated that a sample size of 60 subjects would
need to be enrolled to provide the study with a statistical
power of 80% to detect a clinically meaningful difference
between the treatment group and the placebo group, assuming
a rate of response of —4% for the treatment group and a rate
of response of +12% for the placebo group, with no dropouts.
As the actual enrollment for the study was 60 subjects, this
should be sufficient to provide adequate safety and compara-
tive effectiveness information. Descriptive statistics were
calculated including mean age, height, weight, BMI, and
number of steps per leg, and comparisons of this demographic

data were made with a Kruskal-Wallis test for multiple
independent samples at baseline to validate randomization.
Following evaluation for normality, postbaseline statistical
analyses were done utilizing either an independent-group
t-test (CTX-II) or repeated-measures univariate analysis of
variance (rm-ANOVA) (pain and stiffness). Items found
to have statistical significance with rm-ANOVA were
then compared using a Kruskal-Wallis test for multiple
independent samples. In all cases, statistical significance
was accepted at P<<0.05. Analysis of the primary endpoint,
as well as all secondary endpoints, was conducted on the
per-protocol population. SYSTAT software (version 13)
(Systat Software, Inc, San Jose, CA, USA) was used for all
statistical analyses.

Results
Recruitment began in November 2015 at a single clinical site
in Missouri and the final follow-up was conducted in January
2016. One hundred seventy-two (female) subjects were
screened and a total of 60 (female) subjects between the ages
of 44 and 74 years were enrolled in the trial and underwent
randomization. Thirty subjects (50.0%) were randomized to
the placebo group and 30 subjects (50.0%) were randomized
to the NEM treatment group. All subjects completed the study
per the protocol and there were no dropouts (0%). Compliance
with the study treatment regimen was good in both treatment
groups, as judged by capsule count at clinic visits and all
subjects attended every assigned exercise period.
Participant demographic data (Table 1) was initially
evaluated to validate randomization. There were no statistical

Table | Participant baseline demographic data

Demographic parameters NEM Placebo
Age, years 56.1£7.4 57.74£5.9
Sex

Female (%) 30 (100) 30 (100)
Height, cm 164+5 164+7
Weight, kg 75.7£13.6 78.1£14.5
BMI, kg/m? 28.245.4 28.8+4.4
uCTX-ll, ng/mmol Cr 258+106 236175
Resting pain score 0.2+0.4 0.510.8
Resting stiffness score 0.3+0.6 0.6£0.9
Number of steps per leg 61.9t16.2 59.3x11.9
Baseline pain score 1.4+1.1 1.4+1.4
Baseline stiffness score 1.3£1.0 1.7+1.3

Notes: Except where indicated otherwise, values are reported as mean + SD (n=30
per group). There were no statistical differences between treatment groups in any
of the listed parameters. Baseline pain and stiffness scores were obtained from
performing the number of steps per leg determined at screening.

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by
the square of height in meters; NEM, natural eggshell membrane; uCTX-Il, urinary
C-terminal cross-linked telopeptide of type-Il collagen, reported as nanograms per
millimole of creatinine (ng/mmol Cr).
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differences between treatment groups in any of the
parameters listed (not shown). Importantly, parameters
expected to have a bearing on endpoint differences (ie,
BMI, steps per leg, uCTX-II, baseline pain, and stiffness)
were evenly distributed between treatment groups. A clinical
comparison of valid subjects was carried out to obtain mean
scores for each of the outcome measures (CTX-II, pain, and
stiffness) after 1 week and 2 weeks of exercise (Table 2).
Absolute treatment effects (TE ) for all outcome measures
were calculated as the net difference of treatment versus
placebo for the mean change in treatment effect from
baseline (or resting) for each group expressed as a percent.
Negative values represent superior results in the treatment
group. Statistical analysis of the primary outcome measure
(CTX-II) revealed that supplementation with NEM produced
a significant treatment response versus placebo after both
1 week (TE —17.2%, P=0.002) and 2 weeks of exercise
(TE,, —9.9%, P=0.042) (Figure 1). The overall trend for
immediate pain was not significantly different from placebo
(P=0.209) (Figure 2A), despite a statistically significant
decrease from baseline for Days 7—13 in the NEM treatment
group (Day 13 TE , —38.1%), whereas the placebo group was
not significantly different from baseline at any time point.
The overall trend for recovery (12-hour) pain was signifi-
cantly different from placebo (P=0.016), and this difference
occurred at Day 8 and continued through Day 14 (end of

Table 2 Mean scores for CTX-Il and (immediate and |12-hour)
pain and stiffness in NEM-supplemented and placebo groups at
baseline (or resting) and after | and 2 weeks of exercise

Parameter Weeks Treatment

Post treatment NEM Placebo
uCTX-l Resting (n=30, 30) 258+106 236x175

I (n=30, 30) 234483* 255+172*

2 (n=30, 30) 242+101% 245+184
Immediate pain Baseline (n=30, 30) l.4£1.1 1.4£1.4

I (n=30, 30) 1.0£l.1* 1.6£1.5

2 (n=30, 30) 0.7+0.9* 1.3£1.5
12-hour pain Resting (n=30, 30) 0.2+0.4 0.5+0.8

I (n=30, 30) 0.4+0.6* 1.0£1.3%

2 (n=30, 30) 0.3+0.6% 0.8+1.2%
Immediate stiffness Baseline (n=30, 30) 1.3£1.0 1.7£1.3

I (n=30, 30) 0.9£0.9% 1.7£1.5

2 (n=30, 30) 0.7£0.9* 1.2+1.5%
12-hour stiffness Resting (n=30, 30) 0.3+0.6 0.6+0.9

I (n=30, 30) 0.5+0.7* 1.0£1.2*%

2 (n=30, 30) 0.3+0.6 0.9£1.4%

Notes: Values are reported as mean + SD. *P<<0.05; #*P<<0.10 within group from
baseline or resting.

Abbreviations: NEM, natural eggshell membrane; uCTX-ll, urinary C-terminal
cross-linked telopeptide of type-Il collagen, reported as nanograms per millimole
of creatinine (ng/mmol Cr).

study) (Figure 2B). By the end of the 2-week evaluation
period, recovery pain had nearly returned to resting levels
for the NEM treatment group (Day 14 TE —11.8%), while
placebo group recovery pain levels remained substantially
elevated. The overall trend for immediate stiffness was
significantly different from placebo (P=0.042) and this dif-
ference occurred at Days 7 and 11, with Days 3, 5, 9, and
13 showing a positive trend (P<<0.10) for being different
from placebo (Figure 3A). Both groups experienced less
immediate stiffness from performing the exercise regimen
as the study progressed; however, the NEM treatment group
felt a greater benefit (Day 13 TE | —18.5%). The overall trend
for recovery (12-hour) stiffness was also significantly dif-
ferent from placebo (P=0.014) and this difference occurred
at Days 4, 8, 12, and 14, with Days 2, 6, and 10 showing
a positive trend (P<<0.10) for being different from placebo
(Figure 3B). Similar to recovery pain, recovery stiffness
had nearly returned to resting levels for the NEM treatment
group (Day 14 TE  —56.3%), while the placebo group
recovery stiffness levels remained substantially elevated.

There were 25 non-exercise-related AEs reported by
the treatment group, the most common of which were eight
instances of headache, three instances of nausea, and three
instances of cold/flu/sinus congestion. None of the treat-
ment group AEs were judged by the clinical investigator to
be associated with treatment. There were 32 non-exercise-
related AEs reported by the placebo group, the most common
of which were 12 instances of headache, three instances of
nausea, and five instances of cold/flu/sinus congestion. None
of the placebo group AEs were judged by the clinical investi-
gator to be associated with treatment. There were no serious
AEs reported during the study in either treatment group.
Although there were a greater number of AEs in the placebo
group (56%) versus the NEM group (44%), the overall use of
acetaminophen was similar between the groups. There were
seven instances of acetaminophen use in the placebo group
(avg 18.6 mg/subject/day) and eight instances in the NEM
treatment group (avg 18.0 mg/subject/day) with the vast
majority of these instances being related to either headache
or cold/flu/sinus congestion. The treatment was reported to
be well tolerated by study participants.

Discussion

Discomfort during and resulting from exercise is extremely
common, particularly for those 45 years and older. It is
important to minimize this discomfort and to mitigate any
long-term consequences that may result in order to realize the
myriad health benefits of regular exercise, and in the elderly
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Figure | Percent change from resting in urinary CTX-Il in NEM-supplemented and placebo groups after | week (A) and 2 weeks (B) of exercise.

Notes: *P<<0.05; **P<<0.01 versus placebo.

Abbreviations: CTX-ll, C-terminal cross-linked telopeptide of type-Il collagen, reported as nanograms per millimole of creatinine (ng/mmol Cr); NEM, natural eggshell

membrane.

to prevent the detrimental musculoskeletal changes that are
a consequence of immobility. This trial was designed to
evaluate the effects of NEM brand ESM in relieving exercise-
induced pain, stiffness, and cartilage turnover in healthy,
postmenopausal women. NEM demonstrated meaningful
beneficial effects for all three of these clinical endpoints.
NEM-treated subjects experienced 38.1% less exercise-
induced (immediate) pain than placebo subjects by the end
of the 2-week evaluation period. Although this difference
failed to reach statistical significance in the overall trend,
Day 11 differed statistically from placebo and Day 13 fell
just shy of significance. This substantial decrease from
baseline for the NEM-treated group was also statistically
significant (within group) for Days 7-13, whereas it was
not different from baseline at any time point for the placebo
group. Combined, these two statistical comparisons suggest
that the overall trend may have reached significance had the
study had slightly greater enrollment or had the evaluation
period continued for an additional few days to a week. The
overall trend for recovery from exercise-induced pain was
statistically significant for NEM-treated subjects compared

to the placebo group. This improved pain recovery occurred
just after 1 week (Day 8) of supplementation with NEM and
persisted through the remainder of the study. Importantly,
recovery pain had nearly returned to resting levels for the
NEM-treated subjects by the end of the 2-week evaluation
period while placebo group recovery pain levels remained
substantially elevated.

NEM-treated subjects experienced 18.5% less exercise-
induced (immediate) stiffness and recovered 56.3% better
than placebo subjects by the end of the 2-week evaluation
period. Both of these substantial improvements were statis-
tically different from placebo overall, with the difference
in immediate stiffness occurring after 1 week (Day 7) of
supplementation with NEM and recovery from stiffness
differing after only 4 days of supplementation. While these
differences were not continuously significant across the
entire evaluation period, the discontinuous timepoints fell
just shy of significance (P<<0.10). Again, this issue likely
would have been resolved had enrollment been slightly
greater. Similar to recovery pain, recovery stiffness had
nearly returned to resting levels for the NEM-treated group
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Figure 2 A plot of immediate pain (A) and |2-hour pain (B) in NEM-supplemented and placebo groups across 2 weeks of exercise.

Notes: Overall trend differences were determined via rm-ANOVA. Trend differences found to have statistical significance with rm-ANOVA were then compared using a
Kruskal-Wallis test for multiple independent samples to identify specific time points that differed between treatment and placebo. *P<<0.05; *P<<0.10 versus placebo.
Abbreviations: NEM, natural eggshell membrane; rm-ANOVA, repeated-measures analysis of variance.

while placebo group recovery stiffness levels again remained
substantially elevated.

Interestingly, recovery from stiffness was more rapid
(Day 4 vs Day 8) and exhibited a greater treatment response
(=56% vs —12%) than recovery from pain. This is generally
consistent with what has been observed in prior clinical
studies with NEM that were conducted in OA subjects,>” %
particularly in relation to the magnitude of the treatment
responses. This observed clinical effect is also consistent
with the proposed mechanism of action of NEM. That is,
the reduction in proinflammatory cytokines demonstrated in
previous mechanistic investigations*?3° would be expected
to have a direct correlation to joint stiffness, which is a likely
result of localized inflammation. Although NEM has also
been shown to affect pain signal transduction via reducing
prostaglandin E, (PGE,) in an OA rat model,” the corre-
sponding clinical effect would be expected to lag behind any
anti-inflammatory effect as PGE, synthesis is amplified by
the inducible enzyme, cyclooxygenase-2 (COX-2), that is
induced by and responsive to proinflammatory cytokines.*

Moreover, the perception of pain (nociception) has been
shown to be hypersensitized by proinflammatory cytokines*
wherein normally painful stimuli are perceived as more
painful. This hyperalgesia is thought to contribute sub-
stantially to the nature of chronic pain perception in joint
diseases like OA.3" A hydrolysate of NEM was also found
to moderately inhibit the enzyme 5-lipoxygenase (5-LOX)
(IC,, 11,188 ug/mL) in vitro while not inhibiting COX-1 or
COX-2 to any appreciable extent (unpublished). Leukotrienes
are produced via the 5-LOX conversion of cell-surface
arachidonic acid and have been shown to play a significant
role in both nociception and chronic and inflammatory pain
pathways.* One of these lipid proinflammatory mediators,
leukotriene B,, was found to be significantly reduced by NEM
in an OA rat model.*

NEM-treated subjects also experienced markedly less
cartilage degradation than the placebo group. uCTX-II
levels were 17.2% lower after 1 week of supplementation
with NEM while this reduction moderated slightly to —9.9%
after 2 weeks of supplementation. When the trial was initially
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Figure 3 A plot of immediate stiffness (A) and 12-hour stiffness (B) in NEM-supplemented and placebo groups across 2 weeks of exercise.

Notes: Overall trend differences were determined via rm-ANOVA. Trend differences found to have statistical significance with rm-ANOVA were then compared using a
Kruskal-Wallis test for multiple independent samples to identify specific time points that differed between treatment and placebo. *P<<0.05; *P<<0.10 versus placebo.
Abbreviations: NEM, natural eggshell membrane; rm-ANOVA, repeated-measures analysis of variance.

conceived, it was expected that NEM would simply mitigate
the increase in urinary outflux of CTX-II resulting from
exercise-induced cartilage degradation. It is noteworthy
that NEM not only prevented such an increase, but actually
reduced uCTX-II below baseline levels (Figure 1). This
remarkable chondroprotective effect resulting from treat-
ment with a natural health product is the first instance, to our
knowledge, demonstrated in healthy subjects. Similarly, a
profound chondroprotective effect from NEM treatment was
recently demonstrated for the first time in dogs with natu-
rally occurring joint disease.’> NEM was initially shown to
affect CTX-II in a rat model of OA* wherein this effect was
found to correlate with chondroprotection via histopathology
and micro-CT-arthography. In that study, NEM treatment
suppressed cartilage deformation and preserved cartilage
volume compared to untreated OA controls. At least part of
this chondroprotection may result from the anti-inflammatory
properties of NEM noted previously; however, serum levels
of matrix metalloproteinases (MMP-2 and -9) known to
degrade cartilage, were also substantially reduced.*

NEM’s effect on CTX-II production may be further
evidence of a second immunomodulatory mechanism of
action outside of the typical direct interaction with immune
cells in the blood or inflamed tissues. That is, 50% of
OA patients were found to have autoantibodies to type II
collagen® and these autologous fragments as well as other
cartilage-derived fragments are thought to be a major
driver of the immune-mediated cartilage destruction that
typifies OA progression. The immune component of OA
includes antigen-specific proliferation of T cells, synovial
membrane infiltration, and the subsequent localized pro-
duction of proinflammatory cytokines including IL-1f3 and
TNF-0.among others.** Similarly, collagen-induced arthritis
(CIA), a well-accepted animal model of RA, is initiated by
subdural injection of type II collagen in combination with an
immunogenic adjuvant. The adjuvant functions via the acti-
vation of the cytoplasmic transcription factor nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB)
and the subsequent antigen-specific T-cell proliferation
pathway that closely mirrors that described above for OA.
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This CIA rat model has been used to validate an immune
regulatory process known as “oral tolerance”. Oral tolerance
refers to the phenomenon of a reduced peripheral immune
response (tolerance) that results from the repeated exposure
of the mucosal immune system in the gut to ingested pro-
tein antigens. Oral tolerance to immunogenic peptides that
are repeatedly ingested is believed to result from immune
surveillance within the gut-associated lymphoid tissue as a
way for the body to prevent an inappropriate or unnecessary
immune response to proteins normally consumed in the
diet. A hydrolysate of NEM was found to activate NF-xB
in vitro,* and in a subsequent study employing the CIA rat
model, oral supplementation with NEM substantially sup-
pressed swelling due to inflammation and markedly lessened
cartilage damage, pannus formation, and periarticular bone
resorption histologically.’! Immune tolerance to cartilage
components, particularly type II collagen, from oral supple-
mentation with NEM (which contains types I, V, and X
collagen) is a more likely explanation for the longer-term
reduction in CTX-II formation demonstrated here than is
direct suppression of localized inflammation in the joints
experiencing strain from exercise.

There was a moderate number of 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 placebo group (56%) versus the NEM group (44%), the
overall use of acetaminophen was similar between the groups
with seven instances and eight instances, respectively, with
the vast majority of these instances being related to either
headache or cold/flu/sinus congestion. No side effects were
noted in this trial, nor in any of the five prior trials published
to date.””?* Food-derived natural products such as NEM
would be expected to have a robust safety profile, and this has
been confirmed throughout its clinical research experience,
excluding the obvious egg allergy concern.

Conclusion

NEM brand ESM, 500 mg once daily, rapidly improved
recovery from exercise-induced joint pain (Day 8) and stiff-
ness (Day 4) and also significantly reduced the discomfort
from stiffness immediately following exercise (Day 7). More-
over, a substantial chondroprotective effect was demonstrated
from supplementation with NEM through a lasting decrease
in the cartilage degradation biomarker CTX-II. There were
no dropouts in the study, and treatment with NEM was
reported to be well tolerated. The beneficial effects of NEM
versus placebo in exercise-induced joint pain, stiffness, and
cartilage turnover described here for the first time in healthy,

postmenopausal women should help women of this age group
to stay active and maintain healthy joints as they age. The
ability to recover quickly from exercise-induced discomfort
(both pain and stiffness) could lead to more frequent exercise
and may ultimately reduce the rate of exercise discontinu-
ation. And although not a sensory response, the knowledge
that one’s joint cartilage is also being protected from damage
due to exercise should further improve one’s inclination to
exercise and continue exercising.
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