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Research & Patent Portfolio on NEM® brand eggshell membrane 
NEM® is the original, #1 branded eggshell membrane ingredient with multiple published safety and efficacy studies – the most 
researched eggshell membrane ingredient for joint health. In vitro, in vivo, pilot and RCT studies accompany a comprehensive 
safety profile with patents for manufacturing and use. Recent trials conducted in exercising, healthy individuals support NEM’s 
ability to help reduce exercise-induced pain and stiffness, as well as support cartilage protection. NEM contains naturally oc-
curring nutrients essential for healthy joint cartilage and tissue including glucosamine, chondroitin and hyaluronic acid, as well 
as, collagen, peptides and other beneficial proteins – all working together for one complete joint health solution.* 
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Abstract
Objective: NEM® Brand Eggshell Membrane contains collagen and glycosaminoglycans that have beneficial effects in the 

treatment of Osteoarthritis (OA). A single-center, open-label clinical study was conducted to evaluate the efficacy and safety of NEM® 
in management of pain and stiffness associated with knee OA.

Methods: Seventy subjects with knee OA received oral NEM® 500 mg once daily for 60 days. The primary outcome measure 
was to evaluate the effectiveness of NEM® in reducing pain and stiffness associated with knee OA. The primary endpoints were the 
change in Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), Visual Analog Scale for Pain (VAS pain) and 
Lequesne Algofunctional Index measured after 10, 30 and 60 days of NEM® supplementation.

Results: NEM® treatment resulted in reduction of WOMAC overall scores at 10 days (16.6%, p=0.012), at 30 days (31.8%, 
p<0.0001) and at 60 days (46.7%, p<0.0001) post-treatment compared to baseline values. VAS pain was reduced at 10 days 
(19.6%, p<0.0001), at 30 days (31.8%, p<0.0001) and at 60 days (49.0%, p<0.0001). Overall Lequesne scores were reduced at 
10 days (11.2%, p=0.0002), at 30 days (24.0%, p<0.0001) and at 60 days (36.8%, p<0.0001). In a Global Assessment, 68.6% of 
patients and 78.6% physicians rated the efficacy of NEM® as excellent or good. Three mild and transient, and no serious adverse 
events were reported.

Conclusions: NEM® supplementation resulted in rapid and significant reduction of joint pain and stiffness (at 10 days) which 
were further improved at 60 days. NEM® treatment was safe and well tolerated.

NEM® brand eggshell membrane has shown good efficacy in 
relieving joint pain and stiffness in several clinical trials [9-12]. 
Eggshell membrane is primarily composed of collagen type I [13], 
but also of other bioactive components, namely glycosaminoglycans 
including dermatan sulfate, chondroitin sulfate, hyaluronic acid and 
hexosamines, such as glucosamine [14,15]. These constituents have 
been shown to have beneficial effects in the treatment of OA [16,17]. 
NEM® brand eggshell membrane has been shown to down-regulate 
various pro-inflammatory cytokines, including interleukin-1 beta (IL-
1β) and tumor necrosis factor alpha (TNF-α) both in vitro [18] and in 
vivo [19]. ESM Technologies, LLC (Carthage, MO, USA), has developed 
methods to efficiently and effectively separate eggshell membrane from 
eggshells. The isolated membrane is then partially hydrolyzed using a 
proprietary process and dry-blended to produce NEM® brand eggshell 
membrane.

Here, we report the findings of the single-center, 2-month open-
label, study that was designed to evaluate the efficacy of NEM® in the 

Keywords: Osteoarthritis; Pain; Stiffness; Natural eggshell membrane 
(NEM); Knee; Dietary supplement; Glycosaminoglycans

Introduction
Osteoarthritis (OA) is a degenerative disease characterized by joint 

pain and stiffness that can cause physical dysfunction and decreased 
quality of life. OA is a common disease that occurs most often in 
people over 50 years of age, but also in younger population. The 
cartilage of articular joints is primarily affected in OA and the knee 
is one of the most commonly affected joints. The structural changes 
of articular cartilage, synovial membrane and subchondral bone are 
due to a combination of risk factors, including aging, obesity, being 
female, genetics and joint injury. In knee OA, the cartilage of knee 
joint gradually roughens, becomes thin or wears away causing bone 
rubbing on bone and pain. OA develops slowly and the joint pain and 
stiffness usually worsen as the disease progresses [1]. Inflammation 
is involved in the pathogenesis of OA. Synovitis is common in early 
and advanced OA and has been associated with knee pain and swelling 
and progression of cartilage degeneration. Synovium in OA becomes 
infiltrated by inflammatory cells and increased local levels of pro-
inflammatory cytokines such as interleukin (IL)-1β, tumor necrosis 
factor (TNF)-α, and IL-6 produced by these cells can enhance cartilage 
degradation or induce bone resorption [2-4].

Medication-based therapies in OA comprise different drugs, 
including analgesics (e.g. paracetamol, hydrocodone) or non-steroidal 
anti-inflammatory drugs (NSAIDs) (e.g. ibuprofen, celecoxib, 
etc.), alone or in combination. These therapies have shown limited 
effectiveness in clinical studies or may have significant and serious side 
effects [5-8].
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reduction joint pain, stiffness and functional disability in patients 
with moderate to severe knee OA and safety and tolerability of NEM® 
supplementation.

Patients and Methods
Study design

This study was performed according to a prospective, single-center, 
open-label design and was conducted at the Institute of Rheumatology, 
Belgrade, Serbia and conducted in accordance with the Declaration of 
Helsinki to ensure protection of human subjects.

The study protocol was reviewed and approved by an ethics 
committee at the study site. All OA patients enrolled in the study were 
appropriately informed about the study and signed informed consent.

The patients with knee OA were treated with oral NEM® 500 mg 
capsules (Pharmanova, Serbia) once daily for 60 days. NEM® capsules 
were stored in closed containers at ambient temperature. Patients 
were required to stop all current pain relief medications, except 
for paracetamol, for at least 15 days for NSAID and 3 months for 
glucocorticoids prior to enrollment. Clinic visits were scheduled at 10, 
30, and 60 days following the onset of treatment. Treatment compliance 
was checked at clinic visits by patient interview and by counting the 
number of unused doses of the study medication. Paracetamol was 
allowed for pain relief, if necessary, up to 4 tablets (500mg) per day. 
Subjects recorded the time and amount of paracetamol taken in patient 
diaries.

Study population

The study included 70 patients with knee osteoarthritis. Inclusion 
criteria for participation in the study were: patients aged 45-75 years 
diagnosed with knee osteoarthritis [20] and with persistent knee pain of 
at least month duration and not associated with the recent trauma; the 
persistent knee pain associated with OA with a baseline score of 20 mm 
to 70 mm on the Patient’s Assessment of Arthritis Pain-Visual Analog 
Scale (VAS) and patients that have been diagnosed with radiographic 
grades I-III of OA according to the Kellgren-Lawrence (KL) score [21].

Exclusion criteria for participation in the study were: pregnancy or 
breastfeeding, known allergy to eggs or egg products, hypersensitivity 
to any of the ingredients of NEM® capsules, rheumatic inflammatory 
diseases or systemic connective tissue diseases, co-morbidities including 
malignant, hematological, liver, kidney or metabolic diseases such as 
diabetes mellitus, body mass index greater than ≥29.9 kg/m², treatments 
with glucosamine, chondroitin sulfate, or methylsulfonylmethane 
(MSM), collagen, hyaluronic acid in the last three months, medications 
with NSAID in the last 15 days or corticosteroids in the last 3 months, 
and any other criteria which, by the investigator’s opinion, would 
jeopardize patient’s compliance with the study protocol.

Treatment response

The primary outcome measure of this study was to evaluate the 
effectiveness of NEM® in reducing pain and stiffness associated with 
OA of the knee. The primary endpoints were the change in Western 
Ontario and McMaster Universities Osteoarthritis Index (WOMAC- 
overall, pain, stiffness and function), Visual Analog Scale for Pain (VAS 
pain) and Lequesne Algofunctional Index measured after 10, 30 and 60 
days of NEM® supplementation. Patient’s and physician’s estimation of 
disease activity were also estimated.

The WOMAC OA index is a tridimensional self-administered health 

status measure of pain, stiffness and physical functional disability [22]. 
The ‘‘pain,’’ ‘‘stiffness’’ and ‘‘function’’ subscales consist of five, two and 
seventeen items, respectively. Each of the overall 24 questions is graded 
on a scale ranging from ‘‘none’’ to ‘‘extreme’’ with five possible answers 
to every question (0=none, 1=mild, 2=moderate, 3=severe, 4=extreme). 
The maximum score is 20 points for pain, 8 points for stiffness and 68 
points for the physical function. Higher scores indicate the presence 
of worse symptoms, greater limitations and poorer health. Endpoints 
were then compared to pretreatment assessments.

A Visual Analog Scale (VAS) for pain was used to evaluate the 
severity of joint pain in OA patients and ranged from 0 (no problem) 
to 100 mm (extreme problems). VAS is considered to be reliable and 
valid for the assessment of subjects with specific knee conditions [23] 
In addition, patient’s and physician’s assessment of disease activity 
scores were collected using a visual-analog scale.

The Lequesne OA index is a disease-specific questionnaire, which 
directly estimates symptoms and functions and has an interview 
format [24,25]. Lequesne questionnaire includes three sections with a 
total of 11 questions: pain or discomfort (5 items), maximum distance 
walked (2 items) and activities of daily living (4 items). The sum of all 
questions is the overall Lequesne OA index score. Each section has a 
score ranging from 0 to 8, resulting in a total score between 0 and 24. 
Higher scores indicate a worse health condition. A sum between 1 and 
4 denotes a mild disability, 5-7 moderate, 8-10 severe, 11-13 very severe 
and greater than or equal to 14 extremely severe.

In a Global Assessment patients and physicians rated the efficacy 
and the safety and tolerability of NEM® on a scale ranging from: 1=no 
effect, 2= bad, 3=moderate, 4= good, 5=excellent following the 60 days 
of treatment.

Adverse events

Secondary objectives of the study were to evaluate tolerability and 
any adverse reactions associated with supplementation with NEM®. 
The subjects’ self-assessment records were reviewed. Adverse events 
were assessed by the clinical investigator at each study visit.

Statistical analysis

Statistical analysis was performed using SPSS version 22.0 i 
MedCalc Version 8.1 statistical programs. The internal consistency 
reliability of the WOMAC and Lequesne algofunctional indices was 
tested with Cronbach’s alpha coefficient [26] which showed acceptable 
reliability (α=0.96 for WOMAC and α=0.84 for Lequesne indices). 
Descriptive statistics were performed to calculate the means, standard 
deviations, standard error of mean, medians, minimum and confidence 
interval where appropriate. For categorical variables, frequencies and 
percentages were provided. Following evaluation for normality, data 
determined to be parametric were evaluated by univariate analysis 
of variance (ANOVA). If ANOVA verified significance at p < 0.05, 
pairwise comparisons were made using a parametric test to identify 
statistical differences. Post-baseline statistical analyses were done as 
repeated measures univariate analysis of variance (RM-ANOVA) with 
post hoc Bonferonni analysis. Correlation between numerical variables 
has been done by Pearson coefficient (r). Statistical significance was 
accepted at p < 0.05.

Results
Demographic and clinical characteristics of OA patients

A total of seventy subjects between the ages of 45 and 75 with 
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osteoarthritis of the knee were enrolled in the study. The mean age of 
all enrolled subjects was 64.0 years. Of all enrolled patients 6% were 
between the ages of 45 and 50, 17% between 51 and 60, 54% between 61 
and 70 and 23% between 71 and 75 years. Of these subjects, fifty-nine 
(84.3%) were female and eleven (15.7%) were male. The distribution of 
OA patients by age between genders was similar, with no significant 
difference in age between females and males. The mean body-mass 
Index (BMI) of all enrolled patients was 25.9, 23 patients (32.9%) 
had BMI 18.0-24.9, while 47 patients (67.1%) had BMI 25.0-29.9. The 
mean disease duration of all enrolled patients was 80.6 months with 
median duration of 48 months (minimum of 7 and maximum of 404 
months). The majority of patients (76%) had disease duration in the 
range of zero to 120 months. Of the seventy patients, forty-two (60.0%) 
had bilateral incidence of knee OA. Of all patients, 16 had less severe 
disease (Kellgren-Lawrence score grade 1); while 54 patients had more 
severe disease (Kellgren-Lawrence score grade 2/3). Bilateral affection 
of knee joints was present in 9 patients with grade 1, in 18 patients with 
grade 2 and in 15 patients with grade 3 KL score. The mean disease 
duration was 36.2 months in patients with KL grade 1, 73.9 months in 
those with grade 2 and 122.5 months in grade 3 patients. All seventy 
subjects completed baseline assessments and the 2-month study per 
the protocol. Compliance with the study treatment regimen was good. 
Demographic and clinical characteristics of OA patients are presented 
in Table 1.

Effects of NEM® supplementation on WOMAC knee 
osteoarthritis indices

Analysis of the primary outcome measure revealed that 
supplementation with NEM® resulted in a significant treatment 
response from baseline at all-time points for overall WOMAC scores 

in patients with knee OA in this study. Moreover, overall WOMAC 
scores significantly decreased between all-time points over the study 
period as shown in Table 2.

A significant decrease in overall WOMAC scores was observed 
after only 10 days (16.6% reduction, p=0.012) following NEM® 
treatment. After 30 days (31.8% reduction, p<0.0001) and 60 days 
(46.7% reduction, p<0.0001) of NEM® therapy further improvement 
of WOMAC scores was observed. Analysis of pain related WOMAC 
scores revealed significant reduction of pain from baseline at all-time 
points. Pain related WOMAC scores significantly decreased between 
the all-time points over the study period (Table 2). Reduction of pain 
was observed after only 10 days (19.8% reduction, p<0.0001), with 
further reductions after 30 days (32.1% reduction, p<0.0001) and 60 
days (51.9% reduction, p<0.0001) of NEM® therapy.

Supplementation with NEM® resulted in significant reduction of 
stiffness from baseline at all-time points. Stiffness related WOMAC 
scores significantly decreased between all-time points over the study 
period (Table 2). Reduction of stiffness was observed after only 10 
days (12.9% reduction, p=0.012), after 30 days (35.5% reduction, 
p<0.0001) and after 60 days (51.6% reduction, p<0.0001) of NEM® 
supplementation.

Physical function improved after supplementation with NEM® as 
revealed by significantly decreased function related WOMAC scores 
from baseline at all-time points. Namely, mean function WOMAC 
subscores showed a 16.4% absolute improvement at 10 days (p<0.0001), 
31.6% at 30 days (p<0.0001) and 45.1% at 60 days (p<0.0001). Also, 
significant improvement in function was observed between all study 
points over the study period as shown in Table 2.

Next, we analyzed the overall WOMAC scores in NEM® 
supplemented patients with knee OA classified according to Kellgren-
Lawrence score at baseline and 10, 30, and 60 days post-treatment as 
shown in Table 3. Patients with KL grade 1 had significantly lower overall 
WOMAC scores compared to those with KL grade 2 (p=0.018) and KL 
grade 3 (p=0.001) at baseline. After 30 days of NEM® supplementation 
overall WOMAC scores remained significantly higher in patients with 
KL grade 3 compared to those with KL grade 1 (p=0.002) and KL grade 
2 (p=0.001). Importantly, at 60 days following NEM® supplementation 
there were no differences in overall WOMAC scores between patients 
with KL grade 1, grade 2 and grade 3.

Effects of NEM® supplementation on joint pain and overall 
disease activity

Assessment of joint pain using VAS revealed that supplementation 

at all-time points. Moreover, pain significantly decreased on VAS 
between all-time points over the study period as shown in Table 4. 
In comparison to baseline values, significant reduction of pain was 
observed at 10 days (19.6% reduction, p<0.0001), at 30 days (31.8% 
reduction, p<0.0001) and at 60 days (49.0% reduction, p<0.0001) 
following NEM® supplementation. The similar rate of reduction of VAS 

Age (yrs), mean (SEM) 64.0 (0.9)
Gender Male N (%) 11 (15.7)

Female N (%) 59 (84.3)
Height (cm), mean (SEM) 167.6 (1.2)
Weight (kg), mean (SEM) 72.9 (1.3)
Body-mass Index (kg/m2), mean (SEM) 25.9 (0.3)
Disease duration (months), mean (SEM) 80.6 (8.3)
Disease duration (months)
0-120 (N, %) 53 (76)
120-240 (N, %) 14 (20)
240-360 (N, %) 2 (3)
360-480 (N, %) 1 (1)
Affected joints
Left knee (N, %) 13 (18.6)
Right knee (N, %) 15 (21.4) 
Bilateral (N, %) 42 (60.0)
Radiographic classification (Kellgren-Lawrence score)
Grade 1 (N, %) 16 (22.9)
Grade 2 (N, %) 32 (45.7)
Grade 3 (N, %) 22 (31.4)

Table 1: Demographicand clinical characteristics of patients with knee OA.

Days post-treatment Pain Stiffness Function Overall
Baseline 8.1 ± 0.3a, b, c 3.1 ± 0.2a, b, c 30.4 ± 1.0a, b, c 41.5 ± 1.4a, b, c

10 days 6.5 ± 0.4a, d, e 2.7 ± 0.2a, d, e 25.4 ± 1.1a, d, e 34.6 ± 1.6a, d, e

30 days 5.5 ± 0.4b, d, f 2.0 ± 0.2b, d, f 20.8 ± 1.2b, d, f 28.3 ± 1.6b, d, f

60 days 3.9 ± 0.4c, e, f 1.5 ± 0.2c, e, f 16.7 ± 1.2c, e, f 22.1 ± 1.6c, e, f

Results are presented as mean ± SEM (n=70). p<0.05: abaseline vs. 10 days; bbaseline vs. 30 days; cbaseline vs. 60 days; d10 vs. 30 days; e10 vs. 60 days; f 30 vs. 60 
days; p values were determined by repeated measures univariate analysis of variance (RM-ANOVA, post hoc Bonferonni)

Table 2: WOMAC scores in supplemented patients with knee OA at baseline and after 10, 30 and 60 days of therapy.

with NEM® resulted in significant reduction of pain from baseline 

®NEM
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pain and pain related WOMAC scores was noticed from baseline at all-
time point as shown in Figure 1.

Patients’ evaluation of disease activity using VAS revealed significant 
treatment response from baseline at all-time points. Decrease of disease 
activity was observed after 10 days by 17.9% (p<0.0001), after 30 days 
by 32.7% (p<0.0001) and after 60 days by 46.2% (p<0.0001) of NEM® 
therapy. A significant decrease of disease activity was observed when 
comparison was done between all-time points over the study period 
(Table 4).

Supplementation with NEM® resulted in a significant decrease 
in disease activity from baseline at all-time points as estimated by 
physicians. Decrease of disease activity was observed at 10 days 
by 21.6% (p<0.0001), at 30 days by 40.9% (p<0.0001) and by 53.1% 
(p<0.0001) at 60 days post-treatment in comparison to baseline values. 

Disease activity significantly decreased when comparisons were done 
between each time points over the study period (Table 4).

There was no significant difference between patient’s and 
physician’s assessment of disease activity using VAS.

Effects of NEM® supplementation on Lequesne knee 
osteoarthritis indices

Supplementation with NEM® resulted in a significant treatment 
response as reflected by significantly decreased overall Lequesne scores 
from baseline at all-time points. Moreover, overall Lequesne scores 
significantly decreased when comparisons were done between all-
time points over the study period as shown in Table 5. A significant 
decrease in overall Lequesne scores was observed after 10 days (11.2% 
improvement, p=0.0002), 30 days (24.0% improvement, p<0.0001) and 

Days post-treatment Grade 1 (n=16) Grade 2 (n=32)  Grade 3 (n=22)
Baseline 33.2 ± 1.7a, b 42.4 ± 2.2a 46.3 ± 2.1b

10 days 31.2 ± 1.6 32.2 ± 2.5 40.6 ± 3.1
30 days 23.3 ± 1.9b 24.4 ± 2.3c 37.7 ± 2.8b, c

60 days 18.8 ± 2.2 20.1 ± 2.7 27.4 ± 2.8
Results are presented as mean ± SEM (n=70), p<0.05: agrade 1 vs. grade 2; bgrade 1 vs. grade 3; cgrade 2 vs. grade 3; p values were determined by repeated measures 
univariate analysis of variance (RM-ANOVA, post hoc Bonferonni)

Table 3: Overall WOMAC scores in NEM®  supplemented patients with knee OA classified according to Kellgren-Lawrence score at baseline and at 10, 30 and 60 days after 
therapy.

Days post-treatment VAS pain VAS disease activity (patients) VAS disease activity (physicians)
Baseline 53.1 ± 1.7a, b, c 49.8 ± 1.9a, b, c 50.1 ± 1.5a, b, c

10 days 42.7 ± 2.2a, d, e 40.9 ± 2.2a, d, e 39.3 ± 2.0a, d, e

30 days 36.2 ± 2.4b, d, f 33.5 ± 2.2b, d, f 29.6 ± 2.0b, d, f

60 days 27.1 ± 2.4c, e, f 26.8 ± 2.5c, e, f 23.5 ± 2.2c, e, f

Results are presented as mean ± SEM (n=70), p<0.05: abaseline vs. 10 days; bbaseline vs. 30 days; cbaseline vs. 60 days; d10 vs. 30 days; e10 vs. 60 days; f30 vs. 60 
days; p values were determined by repeated measures univariate analysis of variance (RM-ANOVA, post hoc Bonferonni)

Table 4: Joint pain, patient’s and physician’s disease activity VAS in NEM® supplemented patients with knee OA at baseline and at 10, 30, and 60 days after therapy.

Days post-treatment Pain or Discomfort Maximum Distance Walked Activities of Daily Living Overall
Baseline 5.1 ± 0.2a, b, c 3.2 ± 0.2b, c 4.2 ± 0.1a, b, c 12.5 ± 0.4a, b, c

10 days 4.3 ± 0.2a, d, e 3.0 ± 0.1d, e 3.8 ± 0.2a, d, e 11.1 ± 0.4a, d, e

30 days 3.8 ± 0.2b, d, f 2.7 ± 0.1b, d 3.1 ± 0.2b, d, f 9.5 ± 0.5b, d, f

60 days 3.1 ± 0.2c, e, f 2.3 ± 0.2c, e 2.5 ± 0.1c, e, f 7.9 ± 0.5c, e, f

Results are presented as mean ± SEM (n=70), p<0.05: abaseline vs. 10 days; bbaseline vs. 30 days; cbaseline vs. 60 days; d10 vs. 30 days; e10 vs. 60 days; f30 vs. 60 
days; p values were determined by repeated measures univariate analysis of variance (RM-ANOVA, post hoc Bonferonni)

Table 5: ® supplemented OA patients at baseline and at 10, 30 and 60 after therapy.
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Figure 1: The similar rate of reduction of joint pain was noticed from baseline at all-time points in WOMAC pain and VAS pain in NEM® supplemented patients with 
knee OA.
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60 days (36.8% improvement, p<0.0001) of NEM® therapy compared to 
baseline overall Lequesne scores.

Analysis of pain or discomfort related Lequesne scores revealed 
significant reduction of pain from baseline at all-time points. Moreover, 
pain related Lequesne scores significantly decreased between all-time 
points over the study period (Table 5). Reduction of pain was observed 
after 10 days (15.7% reduction, p=0.0002), 30 days (25.5% reduction, 
p<0.0001) and 60 days (39.2% reduction, p<0.0001) following NEM® 
supplementation.

Supplementation with NEM® resulted in significantly lower distance 
related Lequesne scores from baseline at 30 days (15.6% improvement, 
p=0.01) and at 60 days (28.1% improvement, p<0.0001). The 
improvement of distance related Lequesne scores was not significant 
from baseline at 10 days (6.3% improvement, p=0.64) (Table 5).

Post-treatment Lequesne activities of daily living related scores 
were significantly lower at all-time points compared to baseline values. 
Namely, mean Lequesne activities of daily living subscores showed 
a 9.5% reduction at 10 days (p=0.002), 26.2% reduction at 30 days 
(p<0.0001) and 40.5% reduction at 60 days (p<0.0001).

Next, we analyzed the overall Lequesne scores in NEM® 
supplemented patients with knee OA classified according to 
Kellgren-Lawrence score at baseline and after 10, 30, and 60 days of 
NEM® treatment as shown in Table 6. Patients with KL grade 3 had 
significantly higher overall Lequesne scores compared to those with 
KL grade 1 (p<0.0001) and KL grade 2 (p<0.0001) at baseline. This 
difference remained at 30 days post-treatment as overall Lequesne 
scores were significantly higher in patients with KL grade 3 compared 
to those with KL grade 1 (p<0.0001) and KL grade 2 (p<0.0001). Of 
note, there were no differences in overall Lequesne scores between 
patients with KL grade 1, grade 2 and grade 3 after 60 days of NEM® 
supplementation.

Correlation analysis revealed the significant association of patients’ 
age, BMI, and disease duration with overall Lequesne scores at baseline 
and at all-time points over the study period as shown in Table 7.

Global assessment of NEM® efficacy and analgesic use

In a Global Assessment, greater than 68% of patients rated 

the efficacy of NEM® as good or excellent following 60 days of 
supplementation (Table 8). Physicians also rated the treatment effective 
in subjects, and greater than 78% of physicians rated the efficacy of 
NEM® as good or excellent (Table 9).

More than 98% of patients rated the safety and tolerability of 
NEM® as good or excellent (Table 8) and all physicians rated the 
safety and tolerability of NEM® as good or excellent (Table 9). Prior 
to study commencement, patients consumed on average 1.50 ± 0.11 
(mean ± SEM) tablets of paracetamol per day. Analgesic use had 
dropped considerably to 0.44 ± 0.08 (p<0.001) tablets per day at 60 
days of supplementation with NEM®. The use of paracetamol was not 
significantly reduced after 10 days, but the significant reduction was 
observed after 30 days (55.3%; p<0.001) and 60 days (70.7%; p<0.001) 
following the treatment with NEM®.

There were no serious adverse events reported during the study. 
There were three adverse events reported, one was a skin rash which 
was not related to allergic reaction to medication, constipation and 
stomach discomfort. All three reported adverse events were mild and 
transient and they might not be related to the study material. All three 
patients completed the 2-month study per the protocol.

Discussion
Osteoarthritis is a common disease and it is estimated that about 

one-third of the population have some form of OA in European 
countries [27,28]. Patients with OA experience varying degrees of 
chronic pain and joint stiffness which largely contributes to functional 
impairment and decreased quality of life [29]. It is expected that the 
incidence of OA will increase worldwide as population ages. Therefore, 
it is important that OA patients have effective and safe treatment 
options.

This clinical trial was designed to evaluate the efficacy and safety 
of NEM® as a treatment option for knee OA. Results from this study 
suggest that NEM®, 500 mg taken once daily, is both effective and 
safe for management pain associated with knee OA and considerably 
improves flexibility of the affected joints. NEM® has the added benefit 
as the use of analgesics significantly dropped over the study period. 
This study demonstrated that NEM® supplementation resulted in rapid 

Days post-
treatment

Grade 1 (n=16) Grade 2 (n=32)  Grade 3 (n=22)

Baseline 10.4 ± 0.8b 11.6 ± 0.6c 15.2 ± 0.7b, c

10 days 10.0 ± 0.7b 9.8 ± 0.6c 13.9 ± 0.7b, c

30 days 8.1 ± 0.8b 8.2 ± 0.5c 12.5 ± 0.8b, c

60 days 7.3 ± 0.8 7.1 ± 0.7 9.6 ± 0.7
Results are presented as mean ± SEM (n=70), p<0.05: agrade 1 vs. grade 2; 
bgrade 1 vs. grade 3; cgrade 2 vs. grade 3; p values were determined by repeated 
measures univariate analysis of variance (RM-ANOVA, post hoc Bonferonni)

Table 6: Overall Lequesne scores in NEM® supplemented OA patients classified 
according to Kellgren-Lawrence score at baseline and at 10, 30 and 60 days after 
therapy.

Table 7: Correlations between patients’ age, BMI and disease duration and 
overall Lequesne scores at baseline and after 10, 30, and 60 days of NEM® 
supplementation.

Lequesne score
baseline at 10 days at 30 days at 60 days

BMI 0.325** 0.295* 0.321** 0.344**
OA duration 0.298* 0.245* 0.261* N.S.

Age N.S. 0.349** 0.361** 0.313**
Pearson correlation coefficient; *p<0.05; **p<0.01, N.S.; non-significant

Patient's Global Assessment
Efficacy Safety and Tolerability

Number Frequency Number Frequency
Excellent 30 42.90% 62 88.60%

Good 18 25.70% 7 10.00%
Moderate 16 22.80% 1 1.40%

Bad 3 4.30% 0 0.00%
No effect 3 4.30% 0 0.00%

Table 8: Patient's Global Assessment of efficacy and safety and tolerability 
following 60 days of NEM® supplementation.

Physician's Global Assessment
Efficacy Safety and Tolerability

Number Frequency Number Frequency
Excellent 30 42.90% 66 94.30%

Good 25 35.70% 4 5.70%
Moderate 13 18.50% 0 0.00%

Bad 2 2.90% 0 0.00%
No effect 0 0.00% 0 0.00%

Table 9: Physician's Global Assessment of efficacy and safety and tolerability 
following 60 days of NEM® supplementation
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(10 days) responses for WOMAC pain (19.8% reduction) and stiffness 
(12.9% reduction). The reduction of pain and stiffness was continuous 
over the study period and by the end of the follow-up period (60 
days) the reduction of pain and stiffness was substantial (51.9% 
reduction and 51.6% reduction, respectively). By the end of the follow-
up period (60 days) the mean response for function had markedly 
improved (45.1%). The primary outcome measures as assessed by 
overall WOMAC and Lequesne indices showed significant treatment 
effects (46.7% improvement and 36.8% improvement, respectively). 
Evaluation of VAS pain also revealed rapid (10 days) responses (19.6% 
reduction) and further reduction at 60 days (49.0%). Patient’s and 
physician’s evaluation of disease activity utilizing VAS was similar 
and showed significant treatment response by the end of the follow-up 
period (46.2% improvement and 53.1% improvement, respectively). In 
a Global Assessment, the majority of patients (68.6%) and physicians 
(78.6%) rated the efficacy of NEM® as excellent or good. According to 
published criteria for a response to treatment for osteoarthritis [30] 
treatment response to NEM® may be classified as an improvement 
in WOMAC pain and function as an absolute increase in the mean 
response rate of 35% after supplementation is considered a clinically 
meaningful treatment effect [10].

Our findings are in accordance to results from previous clinical 
studies of NEM® supplementation in patients with OA that were 
conducted in USA, Germany and Italy [9-12]. The treatment response 
rates in these studies ranged from 33% to 73% improvement of pain. In 
agreement with our results, in these studies the statistically significant 
treatment effects was observed after only 10 days following NEM® 
supplementation. The variations in treatment rates reported in these 
studies may be related to differences in OA severity and mean pain and 
function scores at baseline.

In line with previous studies, our findings confirm excellent safety 
profile for NEM® as there were no reports of adverse events or serious 
adverse events associated with treatment. There are no known side 
effects of NEM®, except from obvious egg allergy concern. This is of key 
importance as OA is a condition that requires long-term treatment. The 
common treatment option for OA is analgesics and NSAIDs which are 
known to lead to gastric [31] and cardiovascular [32] complications. 
The reduction of use of these drugs adds to the safety benefit of NEM® 
supplementation.

In this clinical trial no subjects withdrew from the study and there 
was good treatment compliance. This was open-label clinical study 
therefore the placebo effect cannot be excluded. We believe that this 
limitation is minor when considering the convincing clinical evidence 
for the beneficial effects of NEM® in the treatment of knee osteoarthritis.

Conclusion
The results from this open-label clinical study demonstrate that 

NEM® may be a viable therapeutic option for the management of pain 
and stiffness associated with osteoarthritis of the knee. In this clinical 
study, NEM®, 500 mg taken once daily, significantly reduced both pain 
and stiffness rapidly (10 days) and this effect continued to improve 
through 60 days of NEM® supplementation. This beneficial effect of 
NEM® was accompanied with significant reduction in the amount of 
analgesic consumed during the study period. NEM® supplementation 
has shown to be both safe and effective in managing knee osteoarthritis.

Highlights

• NEM® supplementation significantly reduced pain, stiffness and 
functional disability in patients with moderate and severe knee OA

• NEM® supplementation was safe and well tolerated

• NEM® supplementation was accompanied with the reduction of 
the amount of analgesic consumed by patients with knee OA
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Abstract
Objective: To evaluate the efficacy and safety of NEM® (natural eggshell membrane), in patients with grades 2 and 3 knee 

osteoarthritis (OA) having significant joint pain and stiffness, in a large, multi-center clinical trial.

Subjects and methods: This study was a randomized, double-blind, placebo-controlled, multi-center, single-crossover design. 
One-hundred sixty subjects (male, 32; females, 134; age ≥ 40 years) with grade 2 or 3 knee OA for 1-5 years were randomized to 
either NEM (n=83) 500 mg once daily or placebo (n=83) for 30 days. Osteoarthritis was evaluated using the Western Ontario and 
McMaster Universities OA index. NEM and placebo groups were compared at baseline, day 7, and day 30. After 30 days on placebo, 
the placebo group crossed over while remaining blinded and was provided with NEM (500 mg) for an additional 60 days.

Results: In NEM-treated subjects, WOMAC-stiffness was reduced at day 7 (P=0.034 vs. placebo), and WOMAC-total (P=0.004), 
WOMAC-pain (P=0.023), WOMAC-stiffness (P=0.001), and WOMAC-function (P=0.001) were reduced at day 30 (vs. placebo). The 
number of subjects experiencing greater decreases (≥ 20%) in WOMAC-pain was significantly greater in the 90-day NEM group 
(48%, P=0.022), compared to the 60-day NEM group (30%). No serious adverse events (AE) were observed in the NEM group, and 
there was no significant between-group difference in the total number of AEs reported (NEM, n=8; placebo, n=15).

Conclusion: In this large, multi-center study in subjects with grade 2 and 3 knee OA, NEM reduced pain and stiffness within 
7-30 days, and these clinically meaningful benefits persisted for 90 days. NEM can be considered as a safe, natural intervention for 
inclusion as part of a comprehensive clinical protocol in the management of knee OA.

For these reasons, there is an increasing interest in studies 
focusing on the treatment of OA [4]. The main goal of OA treatment 
is to relieve the pain and other symptoms of patients, and to enhance 
their functional capacities. There are a variety of prescription drugs 
and biologicals approved for use for OA, but these options are often 
associated with significant side effects and are costly. Traditional 
pharmacological therapies include analgesics (e.g. paracetamol, 
oxycodone, propoxyphene, etc.) and/or non-steroidal anti-
inflammatory drugs (NSAIDs) (e.g. ibuprofen, diclofenac, celecoxib), 
either alone or in combination [5-7]. However, these treatments are 
frequently associated with adverse health concerns including cardiac 
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Abbreviations: AE(s): Adverse Events(s); NEM: Natural Eggshell 
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ROM: Range of Motion; WOMAC: Western Ontario and McMaster 
Universities Osteoarthritis Index

Introduction
Joint and connective tissue disorders are among the most common 

and important chronic diseases that unfavorably influence the quality 
of life of those afflicted. In 2010, it was estimated that osteoarthritis 
(OA) and rheumatoid arthritis (RA), the two most prevalent chronic 
rheumatic diseases, affected 3.8% and 0.24% of the global population, 
respectively [1]. This equates to more than 290 million people combined 
worldwide.

Symptomatic knee OA including knee pain and stiffness, occurs to 
a greater degree in females and in individuals over the age of 50 years. 
The incidence of OA increases with age and 50% of those 60 years 
and older report having chronic knee pain [2]. A gradual increase is 
expected in the future prevalence of OA due to the increasing elderly 
population and obesity rates throughout the world. A recent study of 
the prevalence of symptomatic knee OA in the Izmir region in Turkey 
found that 20.9% of those aged 40 and over were afflicted [3].
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risks [8,9], gastrointestinal problems [10,11], and addiction issues 
associated with long-term use of pain-relieving narcotics [12,13].

For OA (and many other conditions), natural, non-prescription 
interventions (i.e. integrative approaches including nutraceuticals, 
dietary supplements, functional foods) are preferred by many patients 
due to their reduced potential for side effects and generally lower cost. 
The most intensively investigated natural products in the context of OA 
are glucosamine and chondroitin sulfate [14,15]. Although less costly 
and having an improved side effect profile compared to prescription 
therapies, their overall efficacy is mild with borderline clinical 
significance. Clearly, there remains an unmet need for additional safe 
and efficacious non-prescription treatment options.

Natural eggshell membrane [NEM; commercially available in 
the USA as NEM®] is a non-prescription, natural source of immune-
modulating bioactives [16,17]. NEM has demonstrated safety and 
efficacy in multiple, clinical trials in relieving joint pain and stiffness in 
individuals with OA [18-21]. In addition, NEM has also been reported 
efficacious in various animal species, including rat models of OA and 
RA [17,22-26]. The current study was performed to confirm the efficacy 
and safety of NEM in a large, multi-center trial in a new geographic 
population of subjects with diagnosed grades 2 and 3 OA of the knee.

Subjects and Methods
Study design 

This study was a randomized, double-blind, placebo-controlled, 
multi-center, single-crossover study conducted in accordance with local 
regulations, the International Conference on Harmonization (ICH) 
E6 Guideline for Good Clinical Practice (GCP), and the Declaration of 
Helsinki at the following eight study sites: Istanbul University (Istanbul 
and Cerrahpaşa Schools of Medicine, (Istanbul, Turkey; sites 1 and 
2, respectively); Ataturk University School of Medicine (Erzurum, 
Turkey; site 3); Ordu University School of Medicine (Ordu, Turkey; site 
4); Adnan Menderes University School of Medicine (Aydın, Turkey; 
site 5); Marmara University School of Medicine, Pendik Training 
and Research Hospital (Istanbul, Turkey; site 6); Akdeniz University 
School of Medicine (Antalya, Turkey; site 7); Uludag University School 
of Medicine (Bursa, Turkey; site 8). Ethical approval was obtained 
from the respective Institutional Review Board at each study site. The 
study was registered at ClinicalTrials.gov (Identifier # NCT02291757). 
The subjects were recruited as they sought treatment at one of the 
participating medical centers. Written, informed consent was obtained 
from all participants before any study-related activities. Recruitment 
began in October, 2013 and was completed in May, 2015.

For the initial 30-day intervention, subjects were provided with either 
NEM (treatment group) or placebo. After the assessment on day 30, 
the placebo group was switched to NEM (single-crossover, also known 
as a wash-in design). At the end of 90 days, clinical evaluations were 
performed on two groups: one of which received NEM for 60 days (60-
day treatment group, former placebo group) and the other of which 
received NEM for 90 days (90-day treatment group, original NEM 
treatment group).

Subjects

The study enrolled patients aged ≥ 40 years who were admitted to the 
Physical Therapy and Rehabilitation Clinics with the complaint of knee 
pain, had OA complaints lasting for 1-5 years, were diagnosed with knee 
OA according to the 2010 American College of Rheumatology and the 
European League against Rheumatism (ACR/EULAR) Classification 

criteria, and had grade 2 or grade 3 knee OA according to the Kellgren 
and Lawrence classification [27].

The following were the main exclusion criteria for this study: BMI 
> 35 kg/m2; diagnosed inflammatory syndromes such as rheumatoid 
arthritis, gout, pseudogout, Paget’s disease, or chronic pain syndrome; 
severe chronic joint pain lasting for at least 3 months with a score of 
≥ 80 according to the Western Ontario and McMaster Universities 
Osteoarthritis (WOMAC 3.1) Index [28]; known allergy to eggs or egg 
products; prior enrollment in any clinical study for the treatment of 
joint and/or connective tissue disorders in the previous 6 months; those 
who received any new study product in the previous 30 days; pregnant 
women or breastfeeding women. Patients who agreed to participate in 
the study but were receiving exclusionary drugs were deemed eligible 
to be included in the study following a 7-day wash-out period for 
analgesics and NSAIDs, and a 90-day wash-out period for steroids and 
nutraceuticals used for the treatment of joint and connective tissue 
disorders (e.g. glucosamine, chondroitin, methylsulfonylmethane, etc.). 
Only paracetamol was allowed for pain use during the study and was 
provided and tracked in the same manner as treatment capsules. All 
other pain treatments were excluded during the study period.

Randomization

The patients were randomly assigned to either the NEM or placebo 
groups, and were randomized centrally, according to their registration 
order, using a permuted-block randomization table consisting of 4 subjects 
per block with a constant ratio of 1:1 among all centers. The principal 
investigator, co-investigators, study personnel, study participants, and 
statisticians were blinded to the treatment until the completion of the 90-
day study.

Study intervention

Natural eggshell membrane (NEM®) is produced by mechanical 
separation of the eggshell membrane from the eggshell of chickens, 
partially hydrolyzed, dry-blended, and ground to its final particle 
size. NEM is primarily composed of type I collagen fibrous proteins 
[29] and also contains glycosaminoglycans such as dermatan sulfate 
and chondroitin sulfate [30,31], hexosamines such as glucosamine, 
hexoses and fucose [32], and a substantial amount of hyaluronic acid 
[31]. Other constituents of eggshell membrane include sialic acid [31], 
desmosine and isodesmosine [33], ovotransferrin [34], lysyl oxidase 
[35], and lysozyme [36]. In addition, eggshell membrane has a high 
potential to contain bioactive peptides (or to produce them by selective 
hydrolysis), as it contains a considerable amount of protein.

NEM was administered in vegetarian capsules (500 mg, once 
daily po). Previous studies evaluating NEM in adult subjects with 
osteoarthritis established that the efficacious daily dose is 500 mg 
[19-21]. The placebo was provided in identical vegetarian capsules 
containing 500 mg of a comparable but inactive substance that was 
identical in appearance and other qualities to the NEM capsules. 
The patients were instructed to ingest the study capsules with water 
at breakfast. Treatment compliance was evaluated at clinic visits by 
counting any unused capsules. Paracetamol was allowed as rescue 
medication and was provided as part of the study. NEM ingredient was 
provided by ESM Technologies, LLC (Carthage, MO USA) without 
cost.

Clinical assessments

In addition to the demographic characteristics of the patients, 
their medical histories including current medications and physical 
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examination findings (i.e. general health, heart rate, respiration rate, 
blood pressure) were also recorded. The clinical assessment of OA 
was performed using the Likert version of the Western Ontario and 
McMaster Universities Osteoarthritis Index ((WOMAC; v LK3.1: 
Turkish language translation) and the measurement of joint range 
of motion (ROM) at baseline and on days 7, 30, and 90 of treatment. 
The WOMAC questionnaire consists of 24 questions divided into 3 
subscales, Pain (5 questions, 0-20 total points), Stiffness (2 questions, 0-8 
total points), and Function (17 questions, 0-68 points). The WOMAC 
sub-scores were summed to produce the WOMAC-total score (0-96 
points). A lower score on any WOMAC scale denotes a better outcome. 
The patients were also questioned at each clinic visit about any adverse 
events that they may have had. All clinic assessments were performed 
a minimum of 24 hours following the most recent paracetamol dose, if 
applicable. The NEM and placebo groups were compared in terms of 
the findings on days 7 and 30. In the evaluations performed on day 90, 
the 60-day NEM treatment group was compared with the 90-day NEM 
treatment group.

Sample size estimation, statistical analyses and outcome 
measures

The primary end point was the difference between the NEM group 
vs. placebo group in the WOMAC-total score, assessed on day 30. To 

detect a 15% treatment effect (vs. placebo), we estimated that a sample 
size of 156 patients would be required to provide a statistical power 
of 80%, assuming a response rate of 20% in the treatment group and 
response rate of 5% in the placebo group, with a 5% dropout rate. Data 
analyses were performed using the IBM SPSS Statistics for Windows 
version 22.0 (IBM Corp, Armonk, NY USA). Descriptive statistics 
were expressed as a number and percentage for categorical variables, 
and as mean ± standard deviation (SD) for numerical variables. The 
Wilcoxon signed-rank test was used for normally distributed two group 
comparisons, whereas the Mann-Whitney U test was performed for two 
group comparisons for non-normally distributed variables. A P value of 
< 0.05 was considered statistically significant. To minimize missing data 
points due to dropouts for statistical calculations, the last observation 
carried forward (LOCF) approach was used for subjects for which at 
least one evaluation following the baseline visit was conducted.

Results
The trial enrollment flow diagram shows the assignment and 

progress of subjects during the study (Figure 1). A total of 208 
candidates were assessed for eligibility by the 8 clinical sites, and 42 
candidates were excluded. One-hundred-sixty-six (166) individuals 
qualified for randomization, with 83 assigned to the NEM group and 
83 assigned to the placebo group. The distribution of the enrolled 

Assessed for eligibility 
n = 208 

Excluded: n = 42 
Not meeting inclusion criteria: n = 0 
Refused to participate: n = 26 
Other reasons: n = 16 

NEM (n = 83) 
Received allocated 
intervention: n = 83 
 

Placebo (n = 83) 
Received allocated 
intervention: n = 83 
 

Discontinued intervention: n = 18 
� 15 withdrew consent 
� 3 had adverse events 

Lost to follow up  
� 4; no additional information 

Discontinued intervention: n = 15  
� 10 withdrew consent  
� 5 had adverse events 

Lost to follow up  
� 5; no additional information 

Analyzed: n = 81 
Excluded from analysis: n = 2 
(Insufficient data) 

Analyzed: n = 80 
Excluded from analysis: n = 3  
(Insufficient data) 

Figure 1: Trial subject enrollment flow diagram. The dates for the initiation of recruitment through the completion of this trial were October, 2013 through May, 2015, respectively.
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subjects among the study sites was as follows: 16 (10%) were from 
site 1, 31 (19%) were from site 2, 22 (13%) were from site 3, 11 (7%) 
were from site 4, 16 (10%) were from site 5, 11 (7%) were from site 
6, 22 (13%) were from site 7, 37 (22%) were from site 8. No serious 
adverse events were observed in the NEM treatment group, and there 
was no significant between-group difference in the number of adverse 
events reported (NEM, n=8; placebo, n=15). Thirty-four of the original 
166 enrolled subjects dropped out during the study for unanticipated 
personal reasons (NEM, n=19; placebo, n=15), and 9 subjects were lost 
to follow-up (NEM, n=4; placebo, n=5). Table 1 shows the baseline 
demographic data for the enrolled subjects and indicates that both 
groups were statistically similar.

All clinical indices of OA were similar between the 2 groups at 
baseline (Table 2). The WOMAC-stiffness score at the end of the 7-day 
treatment period in the NEM group improved by approximately 24% 
from baseline (3.4 ± 1.7; within group P=0.004) and was significantly 
lower compared to the placebo group (NEM 2.6 ± 1.8; placebo 3.4 ± 
2.0; P=0.034). Similarly, the WOMAC-pain score at the end of the 7-day 
treatment period in the NEM group improved by approximately 22% 
from baseline (10.1 ± 4.1; within group P=0.001). No between-group 
differences were observed in this or the other clinical indices.

After 30 days, WOMAC-pain and WOMAC-stiffness in the NEM 
group had improved from baseline by 33% and 35%, respectively 
(within group P both<0.001). All WOMAC-based indices, including 
the primary outcome measure (WOMAC-total) were significantly lower 
in the NEM group compared to placebo: WOMAC-total (Absolute 
Treatment Effect 14.9%, P=0.004); WOMAC-pain (Absolute Treatment 
Effect 12.3%, P=0.023); WOMAC-stiffness (Absolute Treatment Effect 
18.2%, P=0.001); WOMAC-function (Absolute Treatment Effect 15.2%, 
P=0.001) (Table 2). No between-group differences were observed for 
range of motion (angles of flexion or extension).

After 90 days, final clinical assessments were performed on the 
original NEM group (90-day NEM) and the original placebo group (60-

day NEM). Addition of NEM to the original placebo group resulted 
in a marked clinical improvement, as judged by the lack of between-
group statistical significance in the WOMAC-total, WOMAC-pain, and 
WOMAC-stiffness scores (P=0.193, P=0.140, P=0.079, respectively). 
This difference was due to improved WOMAC scores in the original 
placebo group, and not due to any apparent reduction in efficacy in 
the original NEM group. The difference in WOMAC-function score 
remained statistically different between the original NEM group and 
the original placebo group (P=0.002). No between-group differences 
were observed for the range of motion.

A responder analysis was performed in the two groups. Interestingly, 
the number of patients having at least a 15% decrease in WOMAC-pain 
score was greater in the 90-day NEM group (71% of subjects) compared 
to the 60-day NEM group (53% of subjects; P=0.025). Similarly, the 
number of patients having at least a 20% decrease in WOMAC-stiffness 
score was greater in the 90-day NEM group (48% of subjects) compared 
to the 60-day NEM group (30% of subjects; P=0.022).

Safety and tolerability

Overall, the treatment was well tolerated by the patients, with no 
between-group statistical difference in adverse events. There was a 
total of 8 (9.6%) adverse events (AEs) reported in the NEM group, and 
none were deemed serious by study investigators. Three AEs (i.e. rash, 
nausea) were judged to be related to the study material, perhaps due to 
undiagnosed egg allergy. There were a total of 15 (18.1%) AEs reported 
in the placebo group; 3 of these were serious AEs. Three AEs in the 
placebo group were believed to be related to the study material. Rescue 
medication (paracetamol) use was comparable (~50.0% utilization 
rate) between the two groups. Treatment compliance was excellent, 
as judged by approximately 92% of the original NEM group and 88% 
of the original placebo group returning fewer than 10 of the allocated 
capsules.

Discussion
NEM was used at a dose of 500 mg/day to assess its efficacy and 

safety in patients with grade 2 and grade 3 knee OA. The principal 
finding of this study was the rapid (7 days) and persistent (through day 
90) clinically meaningful improvement in validated indices (WOMAC 
scores) of OA, in subjects with moderate-to-severe OA of the knee who 

Parameter NEM (n=83) Placebo (n=83) P
Age, years 55.9 ± 11.9 58.5 ± 9.7 0.156
Gender
Male (%) 12 (14.5) 20 (24.1) 0.168
Female (%) 71 (85.5) 63 (75.9)
Race 
 Caucasian (%) 83 (100) 83 (100) -
Weight (kg) 76.9 ± 11.4 78.0 ± 11.2 0.531
Height (m) 1.6 ± 0.1 1.6 ± 0.1 0.734
BMI, kg/m2 29.4 ± 3.7 29.5 ± 3.3 0.668
Smoking
Present (%) 30 (36.1) 32 (38.6) 0.873
Absent (%) 53 (63.9) 51 (61.4)
Alcohol consumption
Present (%) 1 (1.2) 1 (1.2) 1
Absent (%) 81 (98.8) 81 (98.8)
Blood Pressure (mm Hg) systolic / 127.1 ± 12.4 / 127.4 ± 16.4 / 0.133
Diastolic 80.9 ± 14.3 79.9 ± 8.9 0.782
Heart Rate (beats per minute) 78.3 ± 7.7 80.2 ± 8.3 0.135
Respirations (breaths per minute) 16.5 ± 3.3 16.4 ± 2.9 0.919
Oral Temperature (°C) 36.7 ±0.6 36.7 ± 0.5 0.398

Data are presented as the actual number (% total number) or mean ± standard 
deviation, where appropriate. Abbreviations: BMI: Body Mass Index; calculated as 
weight in kilograms divided by the square of height in meters

Table 1: Baseline demographic characteristics of enrolled subjects.

Time Index NEM Placebo
P

Baseline (n=83) (n=83)
WOMAC-total 42.4 ± 20.0 47.7 ± 23.9 0.123
WOMAC-pain 10.1 ± 4.1 10.8 ± 5.2 0.551

WOMAC-stiffness 3.4 ± 1.7 4.1 ± 2.0 0.105
WOMAC-function 28.9 ± 14.2 32.8 ± 16.7 0.107
Angle of flexion 127.2 ± 12.1 125.1 ± 14.1 0.481

Angle of extension 0.2 ± 3.7 2.2 ± 21.7 0.643
Day 30 (n=81) (n=80)

WOMAC-total 32.8 ± 18.7 44.0 ± 22.8 0.004
WOMAC-pain 6.8 ± 4.0 8.6 ± 5.0 0.023

WOMAC-stiffness 2.2 ± 1 .7 3.4 ± 2.1 0.001
WOMAC-function 23.8 ± 13.0 32.0 ± 15.7 0.001
Angle of flexion 128.7 ± 10.7 126.6 ± 12.7 0.529

Angle of extension 2.5 ± 22.6 2.7 ± 22.6 0.811

Data are presented as mean ± standard deviation. Abbreviations: WOMAC: The 
Western Ontario and McMaster Universities Osteoarthritis Index.
Table 2: Clinical Indices of OA in NEM and Placebo Groups at Baseline and Day 
30.
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were taking NEM (compared to placebo). Specifically, in the NEM 
group, the WOMAC-stiffness score was significantly reduced at day 7 
and, by day 30, all major WOMAC indices (total, pain, stiffness, and 
function) including the primary outcome measure (WOMAC-total) 
were significantly improved. As has been reported previously [19], 
continuation on the NEM regimen increases the number of responders 
along with the overall magnitude of the clinical improvement. In this 
study, the percentage subjects experiencing greater percent decreases 
in the WOMAC-pain score was significantly greater in the 90-day 
NEM group compared to those in the 60-day NEM group. Thus, there 
appears to be a positive correlation between the duration of exposure to 
NEM, the number of responders, and the overall magnitude of effect.

Despite a significant within-group improvement at 7 days in the 
NEM treatment group for WOMAC-pain (-22% from baseline), there 
was no difference when compared to placebo. There have been a 
number of prior open-label clinical studies evaluating NEM in subjects 
with various joint and connective tissue disorders: two in the United 
States (U.S.) (n=11; n=28) [18], one in Germany (n=44) [20], and one 
in Italy (n=25) [21]. There has also been an RCT evaluating knee OA 
in the U.S. (n=67) [19]. These prior studies reported significant clinical 
improvements within 7-10 days with regard to reducing joint pain, 
ranging from 15.9% to 40.6%. Although the present study had a similar 
treatment effect size, rapid results may have been obscured by the 
greater severity of knee OA in our study. This is supported by the fact 
that WOMAC-stiffness had a similarly sized within-group treatment 
effect (-24% from baseline) that was also significantly different from 
placebo (P=0.034). It is mechanistically consistent that stiffness would 
be affected earlier than pain, as the swelling from localized inflammation 
is reduced. The prostaglandins that are involved in pain sensation are 
produced as a result of inflammation and so would take more time to 
resolve once inflammation diminishes. So it may be that WOMAC-pain 
would have reached statistical significance by 10 days as was seen in a 
number of the previous clinical trials mentioned above.

At the end of the placebo-controlled portion of the trial (Day 30), 
there was a marked difference in improvement in pain and stiffness, 
two symptoms of OA critically important to treat. NEM improved 
WOMAC-pain and WOMAC-stiffness by absolute treatment effects 
of 12.3% and 18.2%, respectively. These results are very consistent 
with 30-day absolute treatment effects found in a prior randomized 
controlled trial (RCT) of 67 subjects conducted in the United States 
(pain 10.3%; stiffness 16.8%) [19]. Our results from this much larger, 
multi-center study now confirm the results found previously with 
NEM, despite the fact that we included patients with moderate to severe 
knee OA. Treatment options are limited for Grade 2/3 OA, so the results 
presented here for a natural, non-prescription intervention like NEM 
are quite remarkable.

Comparison of the subjects receiving NEM for 60 versus 90 days 
revealed a number of noteworthy items. Of greatest importance is that 
NEM continued to improve WOMAC-pain and WOMAC-stiffness in 
the group that received NEM continuously for 90 days (Figure 2A and 
2B), albeit at a reduced rate of improvement compared to earlier in 
the trial. The majority of symptomatic (pain & stiffness) improvement 
appeared to occur within the first 30 days of treatment; however, 
symptoms continued to improve through 90 days of treatment. This 
is the first RCT to evaluate NEM for this length of time and it would 
appear that maximal efficacy for NEM is reached around 3 months of 
use. Secondly, the crossover of the placebo group to NEM treatment 
after 30 days served as an internal check on the validity of NEM’s 
efficacy beyond that of the placebo effect. That is, the fact that there 

was a statistically significant difference between subjects taking NEM 
for 60 days versus those taking NEM for 90 days supports that the 
improvements from NEM are real, as surely the placebo effect would 
have diminished substantially if not completely after 4 weeks in patients 
with moderate to severe OA.

No improvement in either flexion or extension range of motion 
evaluation was observed in this study. Within the context of significant 
reductions in both pain and stiffness, it is reasonable to have expected a 
concomitant improvement in joint flexibility. Yet this was not the case. 
This might be attributable to the more severe OA burden in theses study 
patients, the evaluation of only the knee in this study vs. other joints in 
the previous open-label study [18], or possibly due to a difference(s) in 
how range of motion was measured in the current vs. previous studies.

As has been reported in previous clinical studies [18-21], NEM 
was safe and well tolerated in the current study with no occurrence 
of serious adverse events or any observed difference in total number 
of between-group AEs. This confirms in humans what had previously 
been reported through in vitro and in vivo toxicity studies [37]. From a 
regulatory perspective in the U.S., NEM is generally recognized as safe 
(GRAS), with an allowable daily intake of up to 14 grams, enabling its 
inclusion in multiple delivery formats for foods, beverages, and dietary 
supplements.

The overall drop-out rate (25.3%) was greater than estimated 
(5%) in the sample size calculation. However, trial recruitment (166) 
exceeded the calculated sample size (156) by 6% and the estimated net 
treatment effect (15%) used in the sample size calculation was similar 
to the actual net treatment effect for WOMAC-pain (12%) and was 

 

 

Figure 2: WOMAC-pain (A) and WOMAC-stiffness (B) over 90 days in NEM 
treated versus placebo patients. *P<0.05, **P<0.01; NOTE: Placebo patients 
began receiving NEM after 30 days and so are not graphed at 90 days. The 
Day 90 NEM data points in the graphs represent only those patients that 
received NEM for the full 90 days.
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exceeded for WOMAC-stiffness (18%). These facts likely helped to 
mitigate the increased dropout rate and may partially explain why a 
treatment effect for WOMAC-stiffness was able to be detected at just 7 
days. Dropouts were evenly distributed between the NEM group (n=22; 
26%) and the placebo group (n=20; 24%) with no obvious differences 
in the reason for dropping out. Many of the patients had to travel a fair 
distance to the regional medical centers to participate in the study and 
there were 6 clinical visits, so this may have contributed appreciably to 
the increased drop-out rate.

The present study had a number of strengths and limitations. 
Major strengths of the study include the use of a large number of 
subjects (n=83 per group) with well-characterized OA of the knee, thus 
affording the appropriate statistical power. The use of a placebo group 
for the initial 30-day evaluation period along with the utilization of 
8 individual study centers substantially minimized the possibility for 
experimental bias in evaluating the potential clinical benefit for NEM. 
Another strength of this study was the use of a well-validated clinical 
index of OA, namely the WOMAC index [38]. There are over 200 
citations (primary studies, reviews, etc.) reporting the successful use 
of this self-reported health questionnaire in multiple clinical settings 
including OA. The major limitations of this study were the failure to 
include a third arm of the study evaluating a reference intervention (e.g. 
standard of care) for comparison, or any serum /urinary biomarker(s) of 
cartilage metabolism. However, these added features of the study were 
beyond the scope of this particular study, which was simply to evaluate 
NEM in a well-defined clinical population, using a large sample size 
spread across multiple study centers.

Conclusions
This is now the sixth clinical trial involving NEM and the largest 

trial to date. The therapeutic benefits reported in each of these 
geographically-diverse trials, including the present study, have been 
consistent and reproducible. Taken together, the use of NEM in the 
context of OA consistently yields statistically significant and clinically 
meaningful results. The combination of quick symptom relief (7 days) 
coupled with continuing long-term relief (90 days) is impressive from 
a food-based ingredient, and should be clinically beneficial for those 
suffering from OA. NEM can be considered as a safe, cost-effective, 
natural intervention for inclusion as part of comprehensive clinical 
protocol in the management of patients with knee OA, even in patients 
with more severe grade 2 and 3 OA.
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Abstract

Background: Articular joint diseases such as Osteoarthritis (OA) and Rheumatoid Arthritis (RA) are quite
prevalent throughout the world, particularly in adults 60 years of age and older, and result in significant costs (both
financial and quality-of-life) for those that are afflicted. Owing to the lack of drugs that can halt the progression of
arthritis there is an obvious current need for additional joint therapeutics. Various biomarkers have been historically
evaluated to better guide the development of new therapeutic interventions. Of these biomarkers, c-terminal Cross-
Linked Telopeptide of type-II collagen (CTX-II), a marker of cartilage degradation, has shown the most potential. The
purpose of this investigation was to develop a clinical trial design to aid in the evaluation of chondroprotective joint
therapeutics by taking advantage of the apparent sensitivity of the articular cartilage of healthy, post-menopausal
women to increased exercise-induced joint strain.

Methods: Variables such as the timing of urinary CTX-II clearance and the sensitivity of the CTX-II assay were
initially investigated. The sensitivity of CTX-II production to differing levels of exercise strain was then investigated in
a non-interventional clinical phase in developing the trial design. The joint therapeutic Natural Eggshell Membrane
(NEM®) was then evaluated in a subsequent open-label clinical phase as a proof of concept.

Results: There appears to be a reproducible initial increase in uCTX-II clearance within the first 2-4 hours
following exercise, followed by somewhat of a plateau, with the maximum (or near maximum) level being observed
24 hours post-exercise in the 2nd void of the morning. The CTX-II assay is sensitive enough to measure changes
resulting from exercise in obese and OA subjects with a 20.4% to 43.6% increase from resting. There was an
obvious trend in the non-interventional clinical phase for the strenuous nature of the exercise (lifting weight>seated
step machine>inclined treadmill) to affect the magnitude of the cartilage turnover of the study subjects. NEM®

prevented exercise-induced cartilage turnover in the open-label clinical phase indicating that it is chondroprotective.

Conclusion: This trial design shows great potential to evaluate chondroprotective joint therapeutics including
symptomology (i.e. joint pain and stiffness) in healthy individuals, where sparing cartilage may prevent patients from
ultimately developing arthritis. By extension, this design may also enable the evaluation of chondroprotective joint
therapeutics in an OA population, particularly where cartilage preservation has reached a critical stage.

Keywords: Chondroprotective; High-impact; CTX-II biomarker;
Arthritis; Trial design

Introduction
Estimates by the World Health Organization show that a

considerable percentage of the global population is afflicted with
articular joint disease [1]. There are currently no approved Disease
Modifying Osteoarthritis Drugs (DMOADs) [2] and only a handful of
Disease Modifying Anti-Rheumatic Drugs (DMARDs) are approved.
Both non-biologic and biologic DMARD treatment presently comes
with substantial risks, either due to hepatotoxicity or increased
occurrences of pathogenic infections and malignancies [3]. The lack of
drugs that can safely halt the progression of arthritis (be disease
modifying) combined with the fact that it is frequently diagnosed a
decade or more into the disease when severity is considerably greater,
results in a substantial burden for global healthcare systems. Because
so many people develop these costly and debilitating diseases there is

an obvious current need for safe and effective joint therapeutics and
the future need will be substantially greater. Therefore, the ability to
evaluate new joint therapeutics is paramount to the approval of new
molecular entities or for new indications for existing drugs to meet this
need.

Various biomarkers have been evaluated through the years in an
attempt to better understand arthritis progression and/or prognosis
and to better guide the development of therapeutic interventions.
Researchers have looked at immune cell patterns in the joints [4],
serological parameters (cholesterol & triglycerides) and markers of
oxidative stress (malondialdehyde & C-reactive protein) [5], synovial
fluid cytokine levels (TNF-α, IL-1β, IL-6, etc.) [6], as well as cartilage
components in synovial fluid (chondroitin sulfate,
glycosaminoglycans, hyaluronic acid, etc.) [7]. Many of these
biomarkers suffer from a number of drawbacks, from lack of specificity
(e.g. cholesterol) to difficulty in obtaining samples (e.g. synovial fluid).
Because of the plethora of biomarkers from which to choose to
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evaluate arthritis, the Osteoarthritis Biomarkers Network funded by
the National Institutes of Health/National Institute of Arthritis,
Musculoskeletal, and Skin Disease (NIH/NIAMS) proposed a
classification scheme for biomarkers to provide a common format for
communication of research in this area. This scheme is termed BIPED
which is an acronym for Burden of disease, Investigative, Prognostic,
Efficacy of intervention, and diagnostic [8]. These characteristics help
to rank biomarkers as to their clinical utility in diagnosing and treating
arthritis. Based upon these criteria, indicators of cartilage turnover (i.e.
synthesis and degradation) have moved to the top of the list of
biomarker candidates likely to be most useful. We chose to investigate
c-terminal cross-linked telopeptide of type-II collagen (CTX-II), a
marker of cartilage degradation, as an indicator of chondroprotective
effects from joint therapeutics. Urinary CTX-II levels are known to be
substantially elevated in those afflicted with articular joint diseases, but
levels are also known to be elevated in a variety of healthy subsets of
the population, as well. Urinary CTX-II levels have been shown to be
elevated due to high-impact 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 [9]. Urinary
CTX-II has also been shown to be about 2-fold higher in post-
menopausal women versus age-matched pre-menopausal women and
moderately elevated (~25%) in overweight people (BMI ≥ 25 kg/m2)
versus normal-weight controls (BMI<25 kg/m2) [10].

The fact that large portions of the population develop arthritis
combined with the fact that there are currently no approved disease-
modifying or chondroprotective agents results in an obvious urgent
need for safe and effective joint therapeutics. To our knowledge, there
are presently no clinical models designed to evaluate
chondroprotective joint therapeutics. The aim of this research
investigation, therefore, was to develop a simple and rapid clinical trial
design to aid in the evaluation of chondroprotective joint therapeutics,
and we hoped to take advantage of the apparent sensitivity of the
articular cartilage of post-menopausal women and/or overweight
individuals to evaluate joint therapeutics through increasing joint
strain via exercise while monitoring uCTX-II output.

Patients and Methods

Initial investigation of design variables
The initial critical variable investigated was to determine whether or

not CTX-II production and urinary clearance would occur in a narrow
enough time frame to be useful for our envisaged purpose. Individuals
clear proteins at differing rates, so it was also important to determine if
the clearance rate was sufficiently consistent between individual
subjects to be able to obtain samples at a single point in time. There
was also concern as to whether the Enzyme-Linked Immunosorbent
Assay (ELISA) would be sensitive enough to measure a change in
urinary CTX-II induced by exercise. That is, would the increase in
uCTX-II be sufficiently large so that it would not be obscured by the
variation inherent in the assays, which have generally been reported to
be around 10%-15%.

To help normalize uCTX-II clearance rates, the ratio of urinary
CTX-II expressed in micrograms per liter (μg/L) to urinary Creatinine
(Cr) expressed in millimoles per liter (mmol/L) was calculated and
results were reported as nanograms of CTX-II per millimole of
Creatinine (ng/mmol Cr). Urinary CTX-II levels were evaluated using
a commercial ELISA kit from Immunodiagnostics Systems, Inc. (Urine

CartiLaps® EIA) according to manufacturer instructions. Baseline
urine samples were collected from the 2nd void of the morning and
were frozen (-20°C) immediately and held until needed for assaying.
Thawed samples were subdivided into aliquots to avoid subsequent
repeated freeze/thaw cycles that might result in aberrant repeat assay
values.

Two females (ages 34 & 37) and one male (age 34) having healthy
knee joints (no resting knee pain or stiffness) and one female (age 60)
with diagnosed OA of the right knee all with a BMI<25 kg/m2

provided urine samples for basal CTX-II level determination. The
subjects subsequently performed exercises (females: 300 stairs per leg
over 10-15 minutes; male: jogged 4 miles over ~45 minutes) that would
be expected to increase levels of excreted CTX-II. Subjects provided
subsequent urine samples approximately every 2-4 hours (for ~12
hours) and again at 24 hours to follow CTX-II clearance temporally to
determine when the maximum post-exercise uCTX-II level would be
observed.

These initial subjects were all regular exercisers, so we next wanted
to evaluate more moderate forms of exercise in non-exercising or
infrequently exercising individuals. A post-menopausal female (age 67)
with healthy knee joints who did not exercise regularly provided a
urine sample for basal CTX-II level determination. The subject
subsequently performed exercise for 7-10 minutes on alternating days
for two consecutive weeks on an inclined treadmill with an incline of
14 degrees and a pace of 1.7 miles per hour. At the end of each week,
the subject provided a urine sample for the comparison of CTX-II
levels to baseline. An obese male (age 43) with BMI>25 kg/m2 and
having healthy knee joints (no resting knee pain or stiffness) who
exercised fewer than 2 times per week provided a urine sample for
basal CTX-II level determination. The subject subsequently performed
exercise of 50 stairs (standard height) per leg over approximately 10
minutes daily for one week.

Collectively, this data indicated that it was indeed possible to induce
meaningful increases in uCTX-II in articularly healthy individuals via
a variety of exercises, and that even moderate-intensity exercise
resulted in measurable increases in uCTX-II in suspected cartilage-
sensitive individuals (i.e. post-menopausal and/or obese). With this as
a basis, we set out to more formally and systematically evaluate the
effects of different moderate-intensity exercises on uCTX-II in healthy,
post-menopausal women.

Non-interventional clinical phase evaluating design variables
A non-interventional clinical trial was conducted utilizing the

services of a clinical contract research organization (QPS Bio-Kinetic;
Springfield, MO USA) and the exercise facilities of a nearby hospital
(The Meyer Orthopedic & Rehabilitation Center-Cox Health Systems;
Springfield, MO USA). The study was conducted in accordance with
the U.S. Food & Drug Administration’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 a duly authorized Institutional Review Board (IRB)
and all subjects provided their written informed consent in order to
participate.

A group of 30 post-menopausal females (age range 46-72) with
healthy knee joints (no resting knee pain or stiffness), all of whom
exercised fewer than 2 times per week, were randomized into one of
three different low-impact, moderate-intensity exercise regimen
groups. Group A subjects walked for a minimum of 7 minutes on

Citation: Ruff KJ, Back M, Morrison D, Duncan SA (2019) Development of a Novel Clinical Trial Design to Evaluate the Effects of Joint
Therapeutics on Cartilage Turnover in Healthy Subjects. J Nov Physiother 9: 415.

Page 2 of 8

J Nov Physiother, an open access journal
ISSN: 2165-7025

Volume 9 • Issue 3 • 1000415



alternating days for two consecutive weeks on a 14 degree inclined
treadmill at an approximate pace of 1.7 miles per hour. Group B
subjects performed exercise for a minimum of 7 minutes on
alternating days for two consecutive weeks on a seated step machine
(NuStep® brand) with a workload of 7.0 and a pace of 30-40 steps per
minute. Group C subjects performed 3 sets of 8 lifts each of 90 pounds
(41 kg) on a seated leg press (Cybex® brand) in a maximum of 7
minutes on alternating days for two consecutive weeks. All subjects
provided urine samples for basal CTX-II level determination and urine
samples at the end of each week for comparison of CTX-II levels to
baseline. Urine samples were obtained from the 2nd void of the
morning collected within 12-24 hours after each subject completed the
final exercise for the week. Samples were frozen (-20°C) immediately
following collection until needed for assaying.

Adverse events
The participants ’  self-assessment diaries were reviewed, and the

subjects were interviewed at each clinic visit so that any discomfort
beyond what would normally be expected for moderate exercise or
other adverse events were recorded and reported in accordance with
applicable FDA regulations.

With many of the model design questions answered, it was then
time to assess whether the model was sensitive enough to enable the
evaluation of joint therapeutics. That is, would the change in uCTX-II
induced by exercise be sufficiently large to be able to realize a
chondroprotective effect resulting from a joint therapeutic.

Pilot Interventional clinical phase testing the trial design
Following a three week resting period, the same groups of 30 post-

menopausal females were re-randomized into one of two different
treatment groups. In this phase of the study, all subjects performed the
same low-impact, moderate-intensity exercise regimen (3 sets of 8 lifts
each of 90 pounds (41 kg) on a seated leg press (Cybex® brand) in a
maximum of 7 minutes on alternating days for two consecutive weeks).
Group 1 subjects consumed one 500 mg capsule per day of a powdered
eggshell membrane joint therapeutic composition (commercially
available as NEM® brand eggshell membrane; ESM Technologies, LLC,
Carthage, MO USA) for 7 days prior to beginning the exercise regimen
and continued to take the treatment during the two-week exercise
period (3 weeks total). Group 2 subjects consumed one 500 mg capsule
per day of the same powdered eggshell membrane joint therapeutic
composition but began taking it on day 1 of the two-week exercise
period and continued to do so throughout the remaining time (2
weeks total). As in period 1 of the study, all subjects provided urine
samples for basal CTX-II level determination and urine samples at the
end of each week for the comparison of CTX-II levels to baseline.

Adverse events
The participants ’  self-assessment diaries were reviewed, and the

subjects were interviewed at each clinic visit so that any discomfort
beyond what would normally be expected for moderate exercise or
other adverse events were recorded and reported in accordance with
applicable FDA regulations.

Results

Initial investigation of design variables
The results of the temporal clearance evaluation for the two females

(ages 34 & 37) and one male (age 34) having healthy knee joints (no
resting knee pain or stiffness) and one female (age 60) with diagnosed
OA of the right knee all with a BMI<25 kg/m2 are reported in Figure 1.
There appears to be a reproducible initial increase in uCTX-II within
the first 2-4 hours following exercise, followed by somewhat of a
plateau. However, for all subjects, the maximum (or near maximum)
level of uCTX-II was observed 24 hours post-exercise (2nd void of the
morning). Not surprisingly, the female with OA had the highest basal
uCTX-II and appeared to be the most sensitive to joint strain resulting
from exercise.

Figure 1: Urinary CTX-II clearance over 24 hours resulting from
moderate-intensity exercise. (Notes: Subject A: 37 year-old healthy
female; Subject B: 34 year-old healthy female; Subject C: 34 year-old
healthy male; Subject D: 60 year-old osteoarthritic female;
Abbreviations: CTX-II: c-Terminal Crosslinked Telopeptide of
type-II collagen, reported as nanograms per millimole of Creatinine
(ng/mmol Cr).

For the post-menopausal female (age 67) with healthy knee joints
who did not exercise regularly, CTX-II had increased from baseline
(156 ng/mmol Cr) by 20.4% at week 1 (188 ng/mmol Cr) and at week 2
CTX-II (199 ng/mmol Cr) was slightly further elevated at 27.1% above
baseline. For the obese male (age 43) with BMI>25 kg/m2 and having
healthy knee joints (no resting knee pain or stiffness) who exercised
fewer than 2 times per week basal CTX-II was 70 ng/mmol Cr. On Day
4, CTX-II (100 ng/mmol Cr) had increased by 43.6% from baseline
and on day 8, CTX-II (87 ng/mmol Cr) was increased by a lesser 24.3%
from baseline.

Non-interventional clinical phase evaluating design variables
Table 1 contains baseline demographic data for the three groups (A,

B & C) of post-menopausal females from the 30-subject non-
interventional clinical phase. The three groups were not statistically
different in any of the baseline demographic data using the non-
parametric Kruskal-Wallis Test for multiple groups. It is important to
note that their urinary CTX-II levels are consistent with being healthy
post-menopausal females, having average uCTX-II levels at the very
lowest end of the range of what would be expected for arthritic
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subjects [11,12] and well within the expected normal range for women
of their age, BMI and hormonal status [10].

Group A Group B Group C

Age (yrs) 58.2 ± 4.7 52.4 ± 6.2 57.8 ± 7.1

Weight (kg) 73.4 ± 11.1 83.5 ± 18.2 77.2 ± 12.2

BMI 26.8 ± 3.4 30.1 ± 4.4 28.6 ± 4.2

uCTX-II (ng/mmole Cr) 259 ± 102 219 ± 98 288 ± 84

Notes: Values are reported as mean ± standard deviation (n=10 per group). There were no statistical differences between treatment groups in any of the listed
parameters.
Abbreviations: BMI: Body Mass Index; calculated as weight in kilograms divided by the square of height in meters. uCTX-II: urinary c-Terminal Crosslinked
Telopeptide of type-II collagen, reported as nanograms per millimole of Creatinine (ng/mmol Cr).

Table 1: Period 1 participant baseline demographic data.

Table 2 contains urinary CTX-II results for the test groups of
subjects (Group A not shown) at baseline and after preforming the
designated exercise regimens for two consecutive weeks.

Time Point uCTX-II

(% change)

Immediate Pain

(% change)

12-hour Pain

(% change)

Immediate Stiffness

(% change)

12-hour Stiffness

(% change)

Group B Baseline 219 ± 98 (N/A) 0.1 ± 0.3 (N/A) 0.1 ± 0.3 (N/A) 0.2 ± 0.4 (N/A) 0.2 ± 0.4 (N/A)

Week 1 233 ± 103 (+6.4)# 0.6 ± 1.0 (+500)# 0.7 ± 1.1 (+600)* 0.9 ± 1.0 (+350)# 0.9 ± 1.0 (+350)#

Week 2 218 ± 102 (-0.5)# 0.8 ± 1.5 (+700)# 0.8 ± 1.1 (+700)* 0.6 ± 1.1 (+200) 0.9 ± 1.1 (+350)#

Group C Baseline 288 ± 84 (N/A) 0.1 ± 0.3 (N/A) 0.1 ± 0.3 (N/A) 0.3 ± 0.5 (N/A) 0.3 ± 0.5 (N/A)

Week 1 331 ± 117 (+14.9)* 1.0 ± 0.8 (+900)* 1.0 ± 1.1 (+900)* 1.0 ± 0.8 (+233)* 1.2 ± 1.0 (+300)*

Week 2 313 ± 108 (+8.7)* 0.8 ± 0.8 (+700)* 0.7 ± 1.1 (+600)# 1.2 ± 1.0 (+300)* 0.9 ± 1.1 (+233)#

Notes: Values are reported as mean ± standard deviation (% Change from baseline) (n=10 per group). Group B performed seated step machine exercise. Group C
performed seated leg press exercise.
Abbreviations: uCTX-II: urinary c-Terminal Crosslinked Telopeptide of type-II collagen, reported as nanograms per millimole of Creatinine (ng/mmol Cr). *p<0.05;
#p~0.10 versus baseline.

Table 2: Pain, Stiffness, and uCTX-II levels at baseline and after 1 week & 2 weeks of performing one of two low-impact, moderate-intensity
exercise regimens.

Using the non-parametric Friedman Test for repeated measures
coupled with a post-hoc Conover analysis to determine which time
points (Baseline, Week 1, or Week 2) differed, it was determined that
Group C differed statistically (p<0.05) at both week 1 (331 ± 117) and
week 2 (313 ± 108) from baseline (288 ± 84). Group B showed a clear
statistical trend (p<0.10) for week 1 & week 2 to differ from Baseline.
Group A was not statistically different at any time point.

Only one or two subjects in Group A (not shown) experienced any
pain or stiffness from walking on an inclined treadmill (as described
previously). Pain and stiffness results for Group B and Group C are
also reported in Table 2. There were substantial increases in pain in
both groups both immediately after exercise (500%-900%) and 12
hours post-exercise (600%-900%). Similarly, there were substantial
increases in stiffness in both groups both immediately after exercise
(200%-350%) and 12 hours post-exercise (233%-350%). For Group B,
these results were statistically significant (p<0.05) for 12-hour post-
exercise pain (week 1 & week 2) and showed a statistical trend
(p~0.10) for immediate pain (both weeks), immediate stiffness (week

1), and 12-hour post-exercise stiffness (both weeks). For Group C,
these results were statistically significant (p<0.05) for all categories
(immediate pain & stiffness and 12-hour post-exercise pain &
stiffness) at Week 1 and for week 2 immediate pain & stiffness and
showed a statistical trend (p~0.10) for 12-hour post-exercise pain &
stiffness.

Adverse events
No serious adverse events were reported in this study period. There

were twelve Adverse Events (AEs) reported in period 1 including: (7)
headaches and one instance each of congestion, cold-like symptoms,
sore throat, nausea, and leg cramp. No AEs required discontinuation of
the exercise regimen nor did they lead to withdrawal from the study.

Pilot interventional clinical phase testing the trial design
Table 3 contains the baseline demographic data for the two groups

of re-randomized study subjects from the interventional clinical phase
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(Period 2). The groups were not statistically different in any of the
baseline demographic data using the non-parametric Mann-Whitney
U Test for independent groups. It is also significant that their uCTX-II
levels had returned to levels similar to what was found in Period 1 of
the study following the 3-week resting period. Again, CTX-II levels

remained consistent with being healthy post-menopausal females.
Table 4 presents the uCTX-II results for the two groups of subjects at
baseline and after preforming the designated exercise regimen for two
consecutive weeks.

Group 1 Group 2

Age (yrs) 56.2 ± 8.0 56.1 ± 4.8

Weight (kg) 78.4 ± 12.1 77.7 ± 16.7

BMI 28.4 ± 3.7 28.6 ± 4.7

uCTX-II (ng/mmole Cr) 220 ± 97 174 ± 76

Notes: Values are reported as mean ± standard deviation (n=15 per group). There were no statistical differences between treatment groups in any of the listed
parameters.
Abbreviations: BMI: Body Mass Index, calculated as weight in kilograms divided by the square of height in meters. uCTX-II: urinary c-Terminal Crosslinked
Telopeptide of type-II collagen, reported as nanograms per millimole of Creatinine (ng/mmol Cr).

Table 3: Period 2 participant baseline demographic data.

There were no statistical differences for either group versus baseline
for urinary CTX-II, which is in contrast to results found in Group C in
Study Period 1 (performing the same exercise regimen) (Table 2),
indicating that the eggshell membrane joint therapeutic composition is
chondroprotective (cartilage-sparing) in this clinical trial designed to
induce cartilage turnover via exercise.

Because there were also no statistically significant differences
between Group 1 and Group 2 for any of the pain or stiffness
categories (Table 4), the same 10 subjects from Group C were
compared directly to corresponding results obtained in Study Period 1
performing the same exercise regimen when not consuming a joint
therapeutic composition (Table 5). There were large reductions in pain

and stiffness absolute treatment effects (-258% to -867%) from
consuming the NEM joint therapeutic while performing the exercise
regimen in study period 2 versus performing the same exercise
regimen while untreated in study period 1. These differences were
statistically significant (p<0.05) for Week 1 12-hour pain and for week
2 both Immediate & 12-hour stiffness. All other pain and stiffness
criteria failed to reach statistical significance, however they all showed
trends for improvement (p<0.10). There were moderate reductions
(-11.7% to -19.1%) in the uCTX-II absolute treatment effect as well,
however this failed to reach statistical significance. Week 2 uCTX-II
did, however, show a trend for improvement (p<0.10).

Time Point uCTX-II

(% change)

Immediate Pain

(% change)

12-hour Pain

(% change)

Immediate Stiffness

(% change)

12-hour Stiffness

(% change)

Group 1 Baseline 220 ± 97 (N/A) 0.4 ± 1.1 (N/A) 0.4 ± 1.1 (N/A) 0.5 ± 1.0 (N/A) 0.5 ± 1.0 (N/A)

Week 1 222 ± 92 (+1.3) 1.2 ± 1.9 (+200) 1.1 ± 1.7 (+168) 0.8 ± 1.3 (+50) 1.0 ± 1.7 (+88)

Week 2 209 ± 93 (-4.8) 0.7 ± 1.4 (+83) 0.6 ± 1.0 (+50) 0.7 ± 1.2 (+25) 0.7 ± 1.0 (+25)

Group 2 Baseline 174 ± 76 (N/A) 0.4 ± 0.7 (N/A) 0.4 ± 0.7 (N/A) 0.6 ± 1.0 (N/A) 0.6 ± 1.0 (N/A)

Week 1 178 ± 87 (+2.3) 0.9 ± 0.8 (+117) 0.7 ± 0.9 (+83) 0.9 ± 0.9 (+44) 0.8 ± 1.1 (+33)

Week 2 161 ± 58 (-5.7) 0.9 ± 0.7 (+117) 0.3 ± 0.6 (-17) 0.6 ± 0.6 (0) 0.5 ± 0.7 (-11)

Notes: Values are reported as mean ± standard deviation (% change from baseline) (n= 15 per group).
Abbreviations: uCTX-II: urinary c-Terminal Crosslinked Telopeptide of type-II collagen, reported as nanograms per millimole of Creatinine (ng/mmol Cr). *p<0.05; #
p~0.10 versus baseline.

Table 4: Pain, stiffness and uCTX-II levels at baseline and after 1 week & 2 weeks of performing a low-impact, moderate-intensity exercise
regimen while consuming a joint therapeutic composition.

Adverse events
No serious adverse events were reported in this study period. There

were twenty-three AEs reported in period 2 including: (13) headaches,
(4) cold-like symptoms, and one instance each of constipation, sore

throat, nausea, shoulder pain, swelling, and leg cramp. No AEs
required discontinuation of the treatment product nor did they lead to
withdrawal from the study.
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Weeks Treatment Absolute

Post-treatment Untreated NEM Treatment Effect

uCTX-II Baseline (n=10, 10) 288 ± 84 237 ± 82 -

1 (n=10, 10) 331 ± 117 227 ± 85 -19.10%

2 (n=10, 10) 313 ± 108 230 ± 70 -11.7%#

Immediate Baseline (n=10, 10) 0.1 ± 0.3 0.6 ± 1.0 -

Pain 1 (n=10, 10) 1.0 ± 0.8 0.8 ± 0.9 -867%#

2 (n=10, 10) 0.8 ± 0.8 0.7 ± 0.8 -683%#

12-hour Baseline (n=10, 10) 0.1 ± 0.3 0.6 ± 1.0 -

Pain 1 (n=10, 10) 1.0 ± 1.1 0.7 ± 0.9 -883%*

2 (n=10, 10) 0.7 ± 1.1 0.4 ± 0.7 -633%#

Immediate Baseline (n=10, 10) 0.3 ± 0.5 0.8 ± 1.1 -

Stiffness 1 (n=10, 10) 1.0 ± 0.8 0.9 ± 1.1 -220%#

2 (n=10, 10) 1.2 ± 1.0 0.6 ± 0.8 -325%*

12-hour Baseline (n=10, 10) 0.3 ± 0.5 0.8 ± 1.1 -

Stiffness 1 (n=10, 10) 1.2 ± 1.0 0.9 ± 1.3 -287%#

2 (n=10, 10) 0.9 ± 1.1 0.6 ± 0.8 -258%*

Notes: Values are reported as mean ± standard deviation. Absolute Treatment Effect is the net difference of NEM treatment versus untreated for the change in mean
treatment effect from baseline expressed as a percent. Negative values for pain or function indicate superior improvement in the treatment group.
Abbreviations: *p<0.05; #p<0.10 versus untreated

Table 5: Urinary CTX-II, pain, and stiffness levels at baseline and after 1 week & 2 weeks of performing a low-impact, moderate-intensity exercise
regimen while untreated and while consuming a joint therapeutic composition.

Discussion
Articular joint diseases are very prevalent throughout the world,

particularly in adults 60 years of age and older, and result in significant
costs (both financial and quality-of-life) for those that suffer from the
debilitating diseases. Owing to the lack of drugs that can halt the
progression of arthritis (be disease modifying) there is an obvious
current need for additional joint therapeutics. We report here the
development of a clinical trial design to aid in the evaluation of
chondroprotective joint therapeutics.

Initial design aspects were investigated, and it was found that
exercise-induced urinary CTX-II is excreted similarly over time in
various healthy and arthritic individuals (i.e. young adult females,
post-menopausal non-OA and OA females, young adult normal weight
and obese males). The levels of uCTX-II varied somewhat over time
following exercise, however collecting the 2nd void of the morning
approximately 24 hours post-exercise possibly smooths some of the
individual variation in protein clearance and appears to reproducibly
generate maximal uCTX-II values. Interestingly, uCTX-II levels return
to baseline within 48-72 hours following exercise. Therefore, it is
important that the subjects exercise repeatedly (e.g. every day,
alternating days, etc.) to increase the likelihood of capturing the
chondroprotective effect from a joint therapeutic under investigation.

The cartilage of various healthy subsets of the population (no joint
disease or symptoms) was found to be sensitive to low-impact, low-

intensity exercise via the timely production and urinary excretion of
CTX-II. This differs markedly from previous reports [9] of elevated
uCTX-II levels resulting from high-impact, high-intensity exercise (i.e.
cross-country runners) but not in low-impact, high-intensity exercises
(i.e. crew rowers or competitive swimmers). We believe that this
difference may be attributable to an inherent sensitivity to strain in the
cartilage of either post-menopausal women or infrequent exercisers, or
a combination of these factors. This difference may also be attributable
to the joints of the subjects adjusting and adapting to the exercise
strain after sufficient repetition, as would occur in endurance athletes.
In the present design, we hoped to exploit both factors and maximize
the likelihood of achieving measurable exercise-induced cartilage
effects by utilizing infrequently-exercising, post-menopausal women as
study subjects.

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 (usually present as proteoglycans), all of which are
synthesized and secreted by chondrocytes. During normal cartilage
turnover in healthy articular joints ECM production balances ECM
breakdown thereby ensuring the continuous renewal of this critical
joint-cushioning tissue. However, pathological conditions such as
arthritis 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 the
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structural integrity of the articular cartilage results. Products of this
degradation imbalance can be found in both blood and urine of
arthritic patients. Initially cartilage breakdown occurs via slow but
extensive proteoglycan loss in the ECM matrix resulting in loss of
cartilage thickness. The process culminates in the breakdown of the
fibrillar collagen support matrix and ultimately leads to chondrocyte
apoptosis. Proteoglycan loss has been shown to be reversible in a
number of canine studies involving induced OA, however collagen
matrix degradation appears to be irreversible [13]. Therefore, it is
critical for a chondroprotective joint therapeutic to spare the collagen
matrix within cartilage, and this effect can be demonstrated via
monitoring of uCTX-II a collagen fragment generated directly from
the degradation of the cartilage collagen matrix.

We first set out to evaluate different types of exercise and possible
effects these might have on cartilage turnover in these subjects. The
exercises were chosen to provide some strain on the knee. That is,
walking on an inclined treadmill was chosen as opposed to walking on
a flat surface to provide at least some level of additional knee strain.
However, the exercises were carefully selected specifically to avoid
significant knee joint impact. This was done not only to isolate the
effect of joint strain versus joint impact on cartilage, but also to make
the exercises more amenable to performance by older study subjects.
When reviewing data from the non-interventional period of the study
across all groups, there is a clear trend for the strenuous nature of the
exercise (lifting weight>seated step machine>inclined treadmill) to
affect the magnitude of the cartilage turnover of the study subjects. In
fact, walking on an inclined treadmill appeared to be beneficial in
reducing cartilage turnover. This unexpected finding resulting from
joint strain compared to the known effect from the nature of exercise
impact (low-versus high) on the joint not only enables the evaluation
of exercise induced cartilage turnover from low-intensity exercise in an
older target population, but may also inform future designs of exercise
for joint rehabilitation. If indeed the loss of the cartilage collagen
matrix is irreversible in human joints as has been shown in a canine
model [13], care should be taken to limit both joint impact and strain
while rehabilitating a joint following injury and/or surgery. Further
research will be needed to determine if this concern is borne out.

We report here the first evidence to suggest that this clinical trial
design can be used to evaluate the chondroprotective efficacy of joint
therapeutics. Subjects were given the joint therapeutic (natural eggshell
membrane; NEM) either 1 week prior to or commencing with the
exercise regimen. No differences were evident in this scenario. Both
groups had a small (<2%) increase in uCTX-II in the first week with a
subsequent moderate (<6%) decrease noted in the second week. These
results are in contrast to the increases realized with subjects
performing the same exercise regimen while untreated (week 1+14.9%,
week 2+8.7%). When comparing the same ten subjects from both
periods of the study (treated versus untreated), the net treatment effect
on uCTX-II was -19.1% for week 1 and -11.7% for week two. Future
research will require a substantially greater number of study subjects to
ensure the ability to detect statistically significant differences at this
treatment effect size. Despite the fact the design was intended to
facilitate the evaluation of chondroprotection, it appears to potentially
be sufficiently responsive to simultaneously evaluate joint therapeutic
effects on symptomology (i.e. pain and stiffness), as well. Again,
comparing the ten subjects that performed the same exercise regimen
both treated and untreated showed a number of statistically significant
treatment effects for both joint pain and stiffness (i.e. 12-hour pain and
both immediate and 12-hour stiffness). This topic warrants further
validation of the design.

As the study was intended to investigate design variables, it suffered
from a number of limitations. The limited enrollment (30 subjects)
hindered the determination of statistical significance and may have
limited realization of further clinically meaningful results. The
inclusion of a comparative treatment agent would likely have provided
additional information but would have required a significantly larger
initial study population. A follow-up randomized, double-blind,
placebo-controlled study with some minor modifications will allow us
to better validate the current study design and may provide additional
valuable insight into the use of uCTX-II in evaluating
chondroprotective joint therapeutics in healthy individuals.
Importantly, based on results from our preliminary investigation this
design would be expected to function equally well, if not better, in an
OA population wherein their cartilage would be even more sensitive to
the effects of exercise [14].

Conclusion
With one third of those 65 and older in the U.S. having been

diagnosed with osteoarthritis, and that number expected to grow
immensely as the overall population ages, it is important for patients to
have treatment options that are both effective and safe. With the
current lack of effective disease modifying drugs (i.e. DMOADs) and
with existing drugs having significant safety issues (i.e. DMARDs),
there is a substantial need to improve our ability to develop joint
therapeutics to meet current and future demands. The clinical trial
design presented here shows great potential to evaluate
chondroprotective joint therapeutics in healthy individuals, where
sparing cartilage may very well prevent patients from ultimately
developing arthritis. The design also demonstrated the potential to
evaluate joint therapeutic efficacy in improving symptomology (i.e.
joint pain and stiffness). By extension, this design may also enable the
evaluation of chondroprotective joint therapeutics in an OA
population, particularly where cartilage preservation has reached a
critical stage.
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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
abs

) versus placebo for 

CTX-II after both 1 week (TE
abs

 -17.2%, P=0.002) and 2 weeks of exercise (TE
abs

 -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 8) 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.1 Exercise is known to impart a multitude of 

health benefits, particularly in the prevention of a number of chronic diseases such 

as cardiovascular disease2 and type II diabetes3 and reduces the incidence and detri-

mental effects of obesity,4 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 falls5 that can lead to increased disability 

and mortality rates in older adults.6,7 Numerous studies have 

demonstrated the beneficial effects of exercise in relieving 

osteoarthritis (OA) symptoms,8 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.9 There is even some 

clinical evidence to suggest that exercise may play a role in 

the prevention of OA.10

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.11 

Fortunately, all of these negative effects are reversible given 

sufficient time and gradual reloading during the resumption 

of physical activity.12 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.12

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.13 

Of these biomarkers, C-terminal cross-linked telopeptide of 

type-II 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 trials14,15 and is predictive of the progression of OA 

both radiographically,16 including two 5 year longitudinal 

studies,17,18 and by MRI.19 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.20 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.21 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/m2) versus normal weight controls 

(BMI ,25 kg/m2).22

Eggshell membrane (ESM), found between the calcified 

shell and the albumin in chicken eggs, is primarily composed 

of fibrous proteins such as collagen Type I,23 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).24 ESM is known to reduce 

the expression of various pro-inflammatory cytokines, 

including the key mediators of inflammation interleukin-1 

beta (IL-1β) and tumor necrosis factor-alpha (TNF-α) both 

in vitro25 and in vivo.26 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 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging 2018:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

287

Beneficial effects of NEM in exercise-induced joint pain

with OA27–29 and has been shown to reduce CTX-II levels in 

rat models of both OA30 and RA31 and in naturally occurring 

joint disease in dogs.32

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 aerobics 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 (ECG). 

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 OA33 or RA.34 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-II 
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 (µg/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 1 Participant baseline demographic data

Demographic parameters NEM Placebo

Age, years 56.1±7.4 57.7±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/m2 28.2±5.4 28.8±4.4
uCTX-II, ng/mmol Cr 258±106 236±175
Resting pain score 0.2±0.4 0.5±0.8
Resting stiffness score 0.3±0.6 0.6±0.9
Number of steps per leg 61.9±16.2 59.3±11.9
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-II, urinary 
C-terminal cross-linked telopeptide of type-II 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
abs

) 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
abs

 -17.2%, P=0.002) and 2 weeks of exercise 

(TE
abs

 -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
abs

 -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 

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
abs

 -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
abs

 -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
abs

 -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 

Table 2 Mean scores for CTX-II and (immediate and 12-hour) 
pain and stiffness in NEM-supplemented and placebo groups at 
baseline (or resting) and after 1 and 2 weeks of exercise

Parameter Weeks Treatment

Post treatment NEM Placebo

uCTX-II Resting (n=30, 30) 258±106 236±175
1 (n=30, 30) 234±83* 255±172*
2 (n=30, 30) 242±101# 245±184

Immediate pain Baseline (n=30, 30) 1.4±1.1 1.4±1.4
1 (n=30, 30) 1.0±1.1* 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
1 (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
1 (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
1 (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-II, urinary C-terminal 
cross-linked telopeptide of type-II collagen, reported as nanograms per millimole 
of creatinine (ng/mmol Cr).
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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 

Figure 1 Percent change from resting in urinary CTX-II in NEM-supplemented and placebo groups after 1 week (A) and 2 weeks (B) of exercise.
Notes: *P,0.05; **P,0.01 versus placebo.
Abbreviations: CTX-II, C-terminal cross-linked telopeptide of type-II collagen, reported as nanograms per millimole of creatinine (ng/mmol Cr); NEM, natural eggshell 
membrane.
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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,27–29 

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 investigations25,26,30 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
2
 (PGE

2
) in an OA rat model,30 the corre-

sponding clinical effect would be expected to lag behind any 

anti-inflammatory effect as PGE
2
 synthesis is amplified by 

the inducible enzyme, cyclooxygenase-2 (COX-2), that is 

induced by and responsive to proinflammatory cytokines.35 

Moreover, the perception of pain (nociception) has been 

shown to be hypersensitized by proinflammatory cytokines36 

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.37 A hydrolysate of NEM was also found 

to moderately inhibit the enzyme 5-lipoxygenase (5-LOX) 

(IC
50

 11,188 µg/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.38 One of these lipid proinflammatory mediators, 

leukotriene B
4
, was found to be significantly reduced by NEM 

in an OA rat model.30

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 2 A plot of immediate pain (A) and 12-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.
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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.32 NEM was initially shown to 

affect CTX-II in a rat model of OA30 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.30

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 

collagen39 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-1β and 

TNF-α among others.39 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-κB) 

and the subsequent antigen-specific T-cell proliferation 

pathway that closely mirrors that described above for OA. 

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.
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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-κB 

in vitro,40 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.31 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.27–29 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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Beneficial effects of natural eggshell membrane (NEM) on multiple indices of
arthritis in collagen-induced arthritic rats
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ABSTRACT
Objectives: This study was performed to evaluate the potential efficacy of natural eggshell membrane
(NEM) in collagen-induced arthritic rats, a well-established rodent model of inflammation and rheuma-
toid arthritis.
Methods: Rats with developing type II collagen-induced arthritis (CIA) were treated once daily by oral
gavage on study days –14 to 17 with vehicle or NEM (52mg/kg body weight). Rats were euthanized
on study day 17. Efficacy was assessed by daily ankle caliper measurements, ankle diameter expressed
as area under the curve (AUCd0–17), and histopathologic evaluation of ankles and knees. Serum bio-
markers of cartilage function and inflammation [collagen type II C-telopeptide (CTXII), cartilage oligo-
meric matrix protein (COMP), and alpha-2-macroglobulin (A2M)] were measured by ELISA.
Results: Treatment with NEM resulted in significant beneficial effects on the daily ankle diameter
measurements and ankle diameter AUC. Ankle and knee histopathology scores were significantly
reduced (36% and 43% reduction of summed individual histopathology scores for ankle and knee,
respectively; p< 0.05) toward normal for rats given NEM compared to vehicle controls. The percent
reduction of serum CTXII, COMP, and A2M in NEM-treated rats ranged from 30% to 72% (p< 0.05).
Conclusions: NEM significantly improved multiple aspects of inflammatory arthritis including inflamma-
tion, pannus, cartilage damage, bone resorption, and periosteal bone formation. This study provides fur-
ther support for the use of CTXII, COMP, and A2M as relevant biomarkers that were responsive to NEM.
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Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune inflam-
matory condition, the primary expression of which occurs in
the synovial tissues [1]. RA is characterized by polyarticular
inflammation which can lead to progressive joint damage
[1]. As a result, RA is associated with substantial functional
disability, morbidity, and accelerated mortality, all of which
pose an enormous and growing societal burden [1].
Although RA is primarily considered a disease of the joints,
abnormal systemic immune responses are evident and can
cause a variety of extra-articular manifestations such as vas-
culitis, nodules, and accelerated atherosclerosis [2]. It affects
approximately 0.25–1% of the general population worldwide
[3,4], although the incidence is higher (5–7%) in Native
Americans in the US [2]. RA incidence rates are higher in
women than men (2–3-fold), with one study reporting peaks
in disease onset at younger ages in women (55–64 years)
compared with men (75–84 years) [2,5].

There are a variety of prescription drugs and biologicals
approved for use for RA, but these options are often associ-
ated with significant side effects and are costly [6–8]. For
many disease conditions, natural interventions are preferred
by some patients due to their reduced potential for side-

effects and generally lower cost. The most intensively inves-
tigated natural products in the context of RA are curcumin,
omega-3 fatty acids (i.e. fish oil), gamma linolenic acid, and
ginger [9–12]. To efficiently identify and evaluate new can-
didate interventions for RA, irrespective of whether they are
synthetics, biologicals, or natural products, it is imperative
to use animal models that reflect some aspects of the clinical
pathology and that offer predictive responses.

Collagen-induced arthritis (CIA) in rats is an experimen-
tal model of polyarthritis that has been widely used for pre-
clinical testing of numerous anti-arthritic agents that are
either under preclinical or clinical investigation or are cur-
rently used as therapeutics in this disease [13–15]. The hall-
marks of this model are reliable onset and progression of
robust, easily measurable, polyarticular inflammation,
marked cartilage destruction in association with pannus for-
mation, and mild to moderate bone resorption and perios-
teal bone proliferation. Therapeutic agents that inhibit
interleukin-1 (IL-1) production or activity are especially
active in this model [16], but other types of anti-inflamma-
tory agents have good to excellent activity [14,15].

Natural eggshell membrane, commercially available as
NEMVR , has demonstrated safety and efficacy in multiple
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clinical trials in relieving joint pain and stiffness in individu-
als with osteoarthritis [17–20]. NEM has also been investi-
gated for similar benefits in various animal species including
a rat model of osteoarthritis [21–25]. Based on the previ-
ously reported efficacy of NEM in humans with osteoarth-
ritis and in a rat model of osteoarthritis, the current study
was performed to evaluate the potential efficacy of NEM in
collagen-induced arthritic rats, a well-established model
of RA.

Materials and methods

General

All work was carried out at Bolder BioPATH (Boulder, CO),
except for the biomarker assays which were performed at
Novus International (Saint Charles, MO). The animal proto-
col was approved by Bolder BioPATH’s Institutional Animal
Care and Use Committee (IACUC) for compliance with reg-
ulations prior to study initiation (IACUC Protocol #BBP12-
002); all procedures complied with all federal (USA) and
state (CO and MO) statutes ensuring the humane and eth-
ical treatment of experimental animals.

Materials

Commercially available NEM (lots 8011140, 8011510,
8011910) was provided by ESM Technologies (Carthage,
MO). NEM is a natural, food-sourced ingredient obtained
from the membrane of chicken eggshells. The NEM matrix
contains hyaluronic acid, glycosaminoglycans (GAGS), and
collagen (types I, V, and X) along with other proteins
(50–70%). Methotrexate and methylcellulose vehicle (Item
#M6385) were purchased from Sigma-Aldrich (St. Louis,
MO). Porcine type II collagen (Item #20031) was purchased
from Chondrex (Redmond, WA). Freund’s Incomplete
Adjuvant was purchased from Difco (Detroit, MI).

Animals, care, and diet

Female Lewis rats (n¼ 54) weighing 115–139 g (mean 127 g)
on day –14 were obtained from Charles River Laboratories
(Wilmington, MA). Upon arrival, animals were housed 3–4
per cage in shoe-box polycarbonate cages with wire tops,
wood chip bedding, and suspended food and water bottles.
Animal care including room, cage, and equipment sanitation
conformed to the guidelines cited in the Guide for the Care
and Use of Laboratory Animals and the applicable standard
operating procedures of Bolder BioPATH [26]. Animals
were identified by a distinct number at the base of the tail
delineating group and animal number. After randomization,
all cages were labeled with protocol number, group number,
and animal numbers with the appropriate color-coding.

Animals were acclimated for eight days prior to being
immunized with type II collagen. An attending veterinarian
was on site or on call during the live phase of the study. No
concurrent medications were given. During the acclimation
and study periods, animals were housed in a laboratory

environment with temperatures ranging 67–76�F and rela-
tive humidity of 30–70%. Automatic timers provided 12 h of
light and 12 h of dark. Animals were allowed access ad libi-
tum to Harlan Teklad Rodent Chow and fresh municipal
tap water.

Experimental design

Rats (n¼ 10 per group for arthritis induction by collagen
injection) were randomized by body weight into treatment
groups on study day –14. Once daily oral dosing (gavage)
with NEM (52mg/kg; three different lots evaluated) sus-
pended in 0.5% (w/v) methylcellulose in water or vehicle
was initiated, it continued throughout the study. Test article
was prepared weekly. This dose of NEM approximates the
human equivalent dose (500mg per day) which has been
previously shown to be efficacious in several clinical studies
[17,18]. On study day 0, rats (groups 2–6) were anesthetized
with isoflurane and injected with 400 ll of Freund’s
Incomplete Adjuvant containing 2mg/ml porcine type II
collagen at the base of the tail at two sites (200 ll per site).
On study day 7, rats received an additional injection (i.e.
booster) of 100 ll at one site at the base of the tail. The
experimental groups were as follows: Group 1, healthy rats,
vehicle control (n¼ 4); Group 2, arthritic rats, vehicle con-
trol (n¼ 10); Group 3, arthritic rats, NEM (lot 8011140)
(n¼ 10); Group 4, arthritic rats, NEM (lot 8011510)
(n¼ 10); Group 5, arthritic rats, NEM (lot 8011910)
(n¼ 10); Group 6, arthritic rats, methotrexate (75lg/kg)
(n¼ 10). Methotrexate served as the reference compound,
and was administered by oral gavage from days 0 through
17; the vehicle was administered on days �14 through �1.
In the past 25 years, methotrexate has become the most
widely used disease-modifying anti-rheumatic drug in
humans [27], and is efficacious in animal models of RA
including collagen-induced arthritic rodents [14,15].
Methotrexate is most effective and useful as a reference
compound when used at a sub-maximal dose in the context
of developing RA (i.e. as a prophylactic intervention), where
the opportunity exists to administer it for a longer duration
without incurring major side effects or toxicity. The ED50

dose range of methotrexate is approximately 60–70 lg/kg/
day in collagen-induced arthritic rats [14,15]. Studies in
which rats were dosed with methotrexate for longer periods
of time (compared to the duration of exposure here) at a
dose of 100lg/kg/day have revealed bone marrow hypocel-
lularity, intestinal lesions, and mortality (unpublished data,
A. Bendele).

Observations, measurements, and specimens

Rats were weighed on study days –14, –7, 0, 7, and 9–17.
Caliper measurements of right and left ankle diameters were
taken on study days 9–17. Ankle caliper measurements were
made with a Digitrix II micrometer (Fowler & NSK; Newton,
MA). Baseline measurements were taken using one ankle
with values rounded to one-thousandth of an inch.
Measurements were confirmed as clinically normal
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(0.260–0.264 in) by comparison with historical values for rats
based on a range of body weights. Baseline measurements
were then applied to both ankles, and these values remained
with the animal so long as the ankle was clinically normal
with good definition of all the ankle bones and no evidence
of inflammation. On study days –14 and 13, rats were bled by
tail vein for serum collection (300 ll). Serum samples were
stored frozen at �80�C until shipment on dry ice to Novus
International (St. Charles, MO). At necropsy (day 17), rats
were anesthetized with Isoflurane and bled by vacutainer
through the descending aorta for serum, before being euthan-
ized for tissue collection. Knee lavages were performed on
day 17 by injecting 50 ll of saline into each knee followed by
repeated flexion and extension. The fluid was removed
(pooled from both knees) and centrifuged, and the resulting
supernatant was stored frozen at �80�C until shipment on
dry ice to Novus (St. Charles, MO). Hind paws were trans-
ected at the level of the medial and lateral malleolus, weighed,
and placed (with knees) in 10% neutral buffered formalin for
microscopy. Livers, spleens, and thymuses were removed,
trimmed of extraneous tissue, weighed, and discarded.

Biomarker assays

Samples were processed according to the instructions pro-
vided by the manufacturers of the four biomarker kits.
ELISA kits were used for the measurement of CTXII
(Nordic Bioscience Diagnostics, Herlev, Denmark; serum
pre-clinical Cartilaps ELISA, Catalog# 3CAL4000), COMP
(MD Biosciences, St. Paul, MN; catalog# A-COMP.96), A2M
(Life Diagnostics, West Chester, PA; catalog# 2810-2), and
IL-1b [Pierce Biotechnology (a subsidiary of ThermoFisher
Scientific), Rockford, IL; catalog# ER2IL1B). Protein was
measured using the Bio-Rad assay kit (Bio-Rad, Hercules,
CA; catalog# 5000002).

Morphologic pathology

Histopathology was performed on joints from arthritic rats
treated with NEM (52mg/kg/day; lot 8011510) or vehicle.
Historical data obtained by Bolder BioPATH (Boulder, CO)
were used for normal controls. Preserved and decalcified
(5% formic acid) ankle and knee joints were cut in half lon-
gitudinally (ankles) or in the frontal plane (knees), processed
through graded alcohols and a clearing agent, infiltrated and
embedded in paraffin, sectioned, and stained with toluidine
blue by Bolder BioPATH-associated personnel (HistoTox
Labs, Boulder, CO). Tissues from all animals were examined
microscopically by a board certified veterinary pathologist
(Dr. Alison Bendele), and observations were entered into a
computer-assisted data retrieval system. Details of the
graded scoring system are provided in the Supplementary
File 1.

Statistical analyses

Clinical data for ankle joint diameter and ankle score were
analyzed by determining the area under the dosing curve

(AUC). For calculation of AUC, the daily measurement of
ankle joints (using a caliper) for each rat was entered into
Microsoft Excel and the area between the treatment days
after the onset of disease to the termination day was com-
puted. Means for each group were determined and % inhib-
ition from arthritis controls was calculated by comparing
values for treated and normal animals. Data were analyzed
using a one-way analysis of variance (ANOVA) for meas-
ured parameters, or a Kruskal–Wallis non-parametric test
for scored parameters, along with the appropriate multiple
comparison post-tests. Where appropriate, select histopath-
ology parameters were also compared to vehicle controls
using a Mann–Whitney U test. Statistical analysis and figure
preparation were performed on untransformed data using
GraphPad Prism (version 5; San Diego, CA). Significance
for all tests was set at p< 0.05. Percent inhibition of AUC
and other parameters where indicated was calculated using
the following formula: % Inhibition¼B/A� 100, where
A¼mean healthy control�mean disease control and
B¼mean treated�mean disease control. This method takes
into account non-zero values for the healthy control group.

Results

Effects of NEM on ankle swelling

Previous studies in adult patients with osteoarthritis with
NEM have established that the efficacious daily dose is
500mg [18,19]. To identify the corresponding efficacious
dose of NEM in the CIA-induced rat model, we used two
independent approaches. First, we calculated the predicted
efficacious dose in rats based on the body surface area
method [28]. This method is more accurate compared to the
simple, straight conversion based on body weight. The equa-
tion for dose conversion between species is given as:

Human Equivalent Dose ðmg=kgÞ
¼ Animal Dose ðmg=kgÞ
� Animal Km factor=Human Km factor

where Km is a correction factor reflecting the relationship
between body weight and body surface area [28]. Assuming
a 60 kg adult and Km values of 6 and 37 for rat and human
[28], respectively, we determined that the rat-equivalent effi-
cacious daily dose of NEM was 51.4mg/kg. To confirm this
calculated dose was efficacious, we conducted two prelimin-
ary dose–response experiments evaluating the effect of three
different doses of NEM on ankle swelling. Our dose–
response-data confirmed that a daily dose of (a) 26mg/kg
was not efficacious, (b) 52mg/kg was efficacious, and that
(c) 103mg/kg provided no superior efficacy beyond that
observed for 52mg/kg (Supplementary File 2). For subse-
quent experiments, we chose to use a daily oral dose of
52mg/kg.

Collagen-induced arthritis produced a marked increase in
ankle diameter compared to healthy controls, an effect that
was evident by day 10 (Figure 1A). Oral administration of
each lot of NEM attenuated this increase, beginning on day
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10 and persisting through the remainder of the study. Daily
ankle diameter measurements were significantly reduced
toward normal for rats treated with NEM-8011140 (p< 0.05
on days 10–13 and 15), NEM-8011510 (p< 0.05 on days
10–17), and NEM-8011910 (p< 0.05 on days 10–12). As
expected, methotrexate was effective at reducing ankle

swelling throughout the study (p< 0.05 on days 10–17).
Ankle diameter expressed as AUC was significantly reduced
(p< 0.05) toward normal for rats administered NEM-
8011140 (26% reduction), NEM-8011510 (45%), NEM-
8011910 (23%), and methotrexate (88%), as compared to the
arthritis vehicle control (Figure 1B).

Figure 1. Effect of NEM on ankle diameter. Ankle measurements (Panel a) and AUC (Panel b) calculations were performed as described in Materials and Methods.
Numbers above bars in Panel b indicate % inhibition calculated as described in Materials and Methods. Asterisks indicate statistical significance, defined as p< 0.05
vs arthritis vehicle.
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Effects of NEM on morphologic pathology of ankle
joints

Histopathology was performed on ankle and knee joints
from vehicle control arthritic rats and rats treated with
NEM-8011510. Historical data archived at Bolder BioPATH
were used for healthy control rats. All vehicle-treated disease
control rats had severe synovitis and periarticular inflamma-
tion in both ankle joints with minimal to moderate pannus
formation, bone resorption, and periosteal bone formation,
and mild to marked cartilage damage. Mean periosteal bone
width was 409.50 lm (data not shown). As shown in
Figure 2, all ankle histopathology parameters were signifi-
cantly (p< 0.05) reduced toward normal for arthritic rats
treated with NEM-8011510. Rats treated with NEM-8011510
had significantly reduced inflammation (25%), pannus for-
mation (47% reduction), cartilage damage (36%), bone
resorption (47%), and periosteal bone formation (42%), as
compared to the arthritis vehicle control. Overall, NEM
produced a 36% reduction (p< 0.05) in the summed histo-
pathological score, along with an approximate 40% reduc-
tion (p< 0.05) in periosteal bone width. Representative
photomicrographs of ankles with the approximate mean
summed histopathological scores for each group are shown
in Figure 3; NEM-8011510 produced marked improvements
in each of the arthritis-induced responses (see figure legend
for detailed description).

Effects of NEM on morphologic pathology of knee joints

All vehicle control animals had marked to severe synovitis
and periarticular inflammation in at least one knee joint
with minimal to moderate pannus formation, none to mod-
erate bone resorption, and minimal to marked cartilage
damage. As shown in Figure 4, all knee histopathology

parameters were significantly (p< 0.05) reduced toward nor-
mal for arthritic rats treated with NEM-8011510. Rats
treated with NEM-8011510 had significantly reduced inflam-
mation (40%), pannus formation (43% reduction), cartilage
damage (43%), and bone resorption (48%) as compared to
the arthritis vehicle control. Overall, NEM produced a 43%
reduction (p< 0.01) in the summed histopathological score.
Representative photomicrographs of knees with the approxi-
mate mean score for each group are shown in Figure 5;
NEM-8011510 produced marked improvements in each of
the arthritis-induced responses (see figure legend for detailed
description).

Effects of NEM on biomarkers

Collagen type II C-telopeptide (CTXII), cartilage oligomeric
matrix protein (COMP), and alpha-2-macroglobulin (A2M)
were measured in serum samples from healthy rats, arthritic
rats, arthritic rats provided with NEM-8011510, and arthritic
rats treated with methotrexate (Figure 6A–C). There were
no significant inter-group differences in any of the bio-
markers at day �14, prior to collagen injection and NEM

Figure 2. Effects of NEM on individual ankle histopathology scores. Collagen
arthritic ankles were given scores of 0–5 for inflammation, pannus formation,
cartilage damage, bone resorption, and periosteal new bone formation accord-
ing to the criteria indicated in Supplementary Information. Vehicle control, solid
bars; NEM-8011510, hatched bars. Asterisks indicate statistical significance,
defined as p< 0.05 vs arthritis vehicle.

Figure 3. Effects of NEM on morphologic pathology ankle joint. Panel A: Ankle
from an arthritis vehicle control animal (with the approximate mean summed
score for the group; animal # 7, left ankle) has severe inflammation (S) and
moderate cartilage damage (large arrow) with mild pannus (small arrow) and
bone resorption (arrowhead), as well as moderate periosteal bone formation
(P). Panel B: Ankle from an arthritic animal treated with NEM-8011510 (with the
approximate mean summed score for the group; animal #7, left ankle) has
marked inflammation (S) and mild cartilage damage (large arrow) with minimal
pannus (small arrow) and bone resorption (arrowhead), as well as mild perios-
teal bone formation (P). Each slide was evaluated at 16� magnification.
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administration (data not shown). CTXII was measured at
days 13 and 17. In arthritic rats, CTXII was significantly ele-
vated (2.3–3.6-fold, respectively) at both time points com-
pared to healthy controls. The percent inhibition of serum
CTXII in NEM-8011510-treated rat was 32% (p< 0.05) at
day 13, and 30% (p< 0.05) at day 17. COMP was measured
at days 13 and 17. In arthritic rats, COMP was significantly
elevated (approximately 1.9-fold) at both time points com-
pared to healthy controls. The percent inhibition of serum
COMP in NEM-8011510-treated rat was 40% (p< 0.05) at
day 13, and 27% (not significant) at day 17. A2M was meas-
ured at days 13 and 17. In arthritic rats, A2M was signifi-
cantly elevated (4.7–6-fold) at both time points compared to
healthy controls. The percent inhibition of serum A2M in
NEM-8011510-treated rat was 72% (p< 0.05) at day 13, and
64% (p< 0.05) at day 17. IL-1b was measured in fluid
obtained following knee lavage on day 17 as described in
Materials and Methods (Figure 6d). In arthritic rats, IL-1b
was significantly elevated (approximately 19-fold) compared
to healthy controls. The percent inhibition of IL-1b in
NEM-8011510-treated rat was 49% (p< 0.05) at day 17.

Effects of NEM on body and organ weights

From study days –14 through 17, healthy rats had mean
body weight gain of 69.8 g, and vehicle control arthritic rats
had mean body weight gain of 34.8 g. Body weight gain was
significantly increased toward normal for rats given NEM
(lot 8011510; 34% increase; p< 0.05) and methotrexate
(77%; p< 0.05) compared to vehicle controls
(Supplementary File 3). Final paw weights were significantly
reduced toward normal for rats given 8011510 (33% reduc-
tion) and methotrexate (79%) as compared to vehicle con-
trols (Supplementary File 4). Liver weights relative to body
weight were not significantly affected for rats in any

treatment group as compared to vehicle controls
(Supplementary File 3). Spleen weights relative to body
weight were significantly reduced for rats treated with
methotrexate as compared to arthritis vehicle control
(Supplementary File 4). Thymus weights relative to body
weight were not significantly affected for rats in any treat-
ment group as compared to vehicle control (Supplementary
File 4).

Discussion

The results presented here indicate that NEM exerted sig-
nificant beneficial effects on inflammation (judged by degree
of ankle swelling and histopathology score) and joint path-
ology (judged by histopathology of the ankle and knee) in
collagen-induced arthritic rats. The NEM-mediated reduc-
tion in ankle swelling measurement was observed as early as
day 10 post-collagen injection and persisted through the end
of the study. Overall, NEM produced an approximate
25–45% reduction in ankle diameter AUC (days 10–17)
compared to the vehicle-treated rats. Histopathology evalu-
ation of the ankle at study termination indicated that NEM
produced significant reductions compared to vehicle-treated

Figure 5. Effects of NEM on morphologic pathology knee joint. Panel A: Knee
from a arthritis vehicle control animal (with the approximate mean summed
score for the group; animal 1, right knee) has severe inflammation (S) with mild
pannus (small arrow), cartilage damage (large arrow), and bone resorption
(arrowhead). Panel B: Knee from an arthritic animal treated with NEM-8011510
(with the approximate mean summed score for the group; animal #9, right
knee) has moderate inflammation (S) and mild cartilage damage (large arrow)
with very minimal pannus (small arrow) and bone resorption (arrowhead). Each
slide was evaluated at 50� magnification.

Figure 4. Effects of NEM on individual knee histopathology scores. Collagen
arthritic knees were given scores of 0–5 for inflammation, pannus formation,
cartilage damage, and bone resorption according to the criteria indicated in
Supplementary Information. Vehicle control, solid bars; NEM-8011510, hatched
bars. Asterisks indicate statistical significance, defined as p< 0.05 vs arthritis
vehicle.
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control rats in the individual scores, including those for
inflammation �25%), pannus (�47%), cartilage damage
(�36%), bone resorption (�47%), and periosteal bone for-
mation (�42%). Impressively, NEM produced an approxi-
mate 36% reduction in the overall histopathology score for
the ankle compared to the vehicle control. In addition, dir-
ect microscopic measurement of periosteal bone formation
indicated that NEM reduced this compensatory response by
approximately 43%.

The beneficial effects of NEM were not limited to the
ankle, as analogous effects were observed in the knee.
Histopathology evaluation of the knee at study termination
indicated that NEM produced significant reductions com-
pared to vehicle-treated control rats in the individual scores,
including those for inflammation (�40%), pannus (�43%),
cartilage damage (�43%), and bone resorption (�48%).
NEM produced an approximate 43% reduction in the overall
histopathology score for the ankle compared to the vehicle
control. Under the conditions of this study design, NEM
was well tolerated with no obvious intervention-related
adverse effects. These results obtained in a rat model of RA
add to the growing body of evidence supporting the efficacy

of NEM in arthritic rats and in humans with osteoarthritis
[18,19,25,29].

As cartilage degrades, fragments of CTX-II are released
into circulation and subsequently secreted into urine. CTX-
II is an intensely studied biomarker for cartilage degradation
and disease progression, including RA, osteoarthritis, and
other inflammatory diseases of the joints. In patients with
RA, an increase in CTXII has been reported to be tempor-
ally linked to the progression of arthritis severity [30]. In
patients with early RA (through two years), multivariate
analyses indicated that a model including CTXII (along with
matrix metalloproteinase-3; MMP-3) provided the best pre-
diction of radiographic progression at entry [31]. In patients
with RA treated aggressively with combination-therapy
[COBRA regimen, including temporary high-dose prednisol-
one, temporary low-dose methotrexate, and sulfasalazine) or
mild-monotherapy (sulfasalazine)], the individual CTXII
response measured after three months of therapy in patients
who had increased CTXII levels at baseline independently
predicts five-year radiographic progression [32].

COMP is another well-studied biomarker of cartilage
breakdown and turn-over [33,34], and has been proposed as

Figure 6. Effects of NEM on biomarkers CTXII, COMP, A2M, and IL-1b. Biomarkers were measured as described in Materials and Methods. CTX II, COMP, and A2M
were measured in serum samples, and IL-1b was measured in knee lavage fluid. Bars with different letters indicate that they were statistically different at p< 0.05.
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a useful biomarker in arthritis [35–37]. There are numerous
reports of COMP being elevated in patients with RA in
serum and synovial fluid, and it has been suggested to be a
marker of joint damage progression with prognostic value
[38,39]. Furthermore, in patients with RA, COMP is respon-
sive (i.e. decreases) to treatment with numerous biological
and pharmaceutical interventions [40–43].

NEM has been shown to significantly reduce the levels of
both CTXII and COMP in monoiodoacetate (MIA)-induced
arthritic rats, in combination with organic trace minerals
(Zn, Cu, and Mn) chelated to 2-hydroxy-4-(methylthio)buta-
noate (MintrexVR ) and when provided as a single interven-
tion [21,25]. In agreement with previous studies, NEM
reduced the level of serum CTXII by day 13 and this effect
persisted through the end of the study. NEM also reduced
the level of COMP, but the effect was statistically significant
at day 13 only. As reported by Sim et al., a higher dose of
NEM was required (400mg/kg/day) to reduce COMP in
MIA arthritic rats than the dose administered in this study
(52mg/kg/day, representing the human equivalent dose of
500mg per day). These findings suggest that either the MIA
arthritic rat is a more severe model of arthritis, or that
COMP is less sensitive to NEM, thereby exhibiting a dose
response curve that is right-shifted [25].

A2M is a member of the alpha macroglobulin family, and
functions as a broad-spectrum proteinase inhibitor [44]. It is
synthesized and secreted by the liver as a compensatory
response to chronic inflammation. Interestingly, A2M forms
complexes and is able to associate with the matrix metallo-
proteinases (MMPs), which are elevated in many chronic
inflammatory diseases such as RA, and is considered as a
potential biomarker of MMP activity [45]. A2M is a sensi-
tive inflammatory biomarker for RA [45–47]. Compared to
CTXII and COMP, A2M was the most sensitive to the
inhibitory effects of NEM and methotrexate. NEM reduced
A2M by 72% at day 13 and 64% at day 17, while methotrex-
ate essentially reduced A2M to the level of the healthy
controls.

Both IL-a and IL-1b are validated molecular targets for
several rheumatological diseases [16,48]. Anakinra
(KineretVR ) is the recombinant human form of the naturally
occurring IL-1 receptor antagonist (IL-1Ra) and is approved
for use for RA in the US and some other world areas [49].
In the present study, we found that IL-1b was elevated by
about 19-fold in synovial fluid obtained from the knee joints
of arthritic rats, and reduced by approximately 50% in
NEM-treated rats.

Animal models of arthritis are used to study pathogenesis
of disease and to evaluate potential anti-arthritic drugs for
clinical use [15,50]. Therefore, morphological similarities to
human disease and capacity of the model to predict efficacy
in humans are important criteria in model selection. Animal
models of RA with a proven track record of predictability
for efficacy in humans include: rat type II collagen arthritis,
mouse type II collagen arthritis, rat adjuvant arthritis, and
antigen-induced arthritis in several species [14–16]. Agents
currently in clinical use (or trials) that are active in these
models include: corticosteroids, methotrexate, non-steroidal

anti-inflammatory drugs, cyclosporin A, leflunomide,
IL-1Ra, and soluble TNF receptors.

In addition to prescription pharmaceutical and biological
interventions, several natural products have been evaluated
in collagen-induced arthritic rats. Most recently, the benefi-
cial effects of d-tocotrienol (10mg/kg) on reducing paw
edema and improving histopathological features when
administered on days 25 through 50 post-collagen injection
were reported [51]. Similarly, oral administration of the pro-
biotic Lactobacillus casei improved the individual histopath-
ology scores and overall arthritis score, along with reducing
the levels of several inflammatory cytokines [52]. The
authors suggested that the efficacy of this probiotic was
related to inhibition of cycloxgenase-2. A combination of
glucosamine HCl/chondroitin sulfate/manganese ascorbate
improved the histopathological scores, but failed to alter T-
cell proliferation and antibody production to bovine type-II
collagen, indicating that its effects were not due to alteration
of the antigen-specific immune response [53]. Finally,
administration by gavage of the total alkaloid fraction of
Tripterygium wilfordii Hook F, a Traditional Chinese
Medicine, for one month significantly reduced paw swelling,
suppressed articular cartilage degeneration, and reduced the
level and expression of several inflammatory cytokines [54].
Tripterygium wilfordii Hook F also holds promise as a med-
ical botanical based on a recent report evaluating its safety
and efficacy, alone and in combination with methotrexate,
in a double-blind placebo-controlled study in subjects with
RA [55].

The manner in which NEM exerts beneficial activity in
vivo has been the subject of a number of prior studies. NEM
has been shown to have direct immunomodulatory effects
wherein an NEM extract reduced various pro-inflammatory
cytokines (e.g. TNF-a, IFN-c) in mitogen-activated human
immune cells in vitro [56]. It was recently proposed that
NEM may also have indirect immunomodulatory effects via
NEM-mediated activation of NF-jB, a pro-inflammatory
transcription factor, through an oral tolerance mechanism
initiated in the gut-associated lymphoid tissue (GALT) [57].
Oral tolerance has been thoroughly investigated for nearly
50 years and numerous studies have demonstrated that oral
suppression of the CIA rat model occurs via oral tolerance
[58–60]. Therefore, this study provides additional evidence
in support of indirect immune modulation by NEM. Lastly,
it has also been demonstrated via radiolabeling that approxi-
mately 40% of eggshell membrane gets digested and
absorbed while the remaining �60% is excreted in the feces
[61]. Taken together, these studies provide reasonable evi-
dence that NEM likely works via a bimodal mechanism of
action. That is, direct immune modulation from absorbed,
bioavailable peptides, and/or glycopeptides and indirect
immune modulation from unabsorbed protein and/or glyco-
protein fragments.

It is also important to note that the present study is the
first evidence, to our knowledge, that a Type I collagen-con-
taining composition such as NEM can ameliorate Type II
CIA. This indicates that there is sufficient homology in the
tertiary protein structure of the two types of collagen to
nevertheless illicit immune suppression. By inference, it
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would be expected that NEM and other Type I collagen
compositions would similarly suppress the detrimental
immune response to Type II collagen-containing cartilage
fragments that ensues in naturally occurring forms of arth-
ritis, particularly RA and OA. This undoubtedly speaks to
the mechanism by which NEM affects the clinical efficacy
found to date [17–19].

This study had a number of strengths and limitations.
The primary strengths of the study included the use of the
CIA-induced arthritic rat, a well validated rat model of
inflammatory arthritis with a proven track record of predict-
ability for efficacy [15,62]. A wide variety of approved pre-
scription medications and biological therapies exhibit
efficacy in this model. The nutritional intervention NEM
can now be added to this list. Another strength of the study
was the use of the human equivalent dose of NEM. Too
often data from animal studies are obtained using supra-
pharmacological dosing regimens bearing little, if any, rele-
vance or relationship to the dose required for clinical effi-
cacy. This is especially true for studies evaluating nutritional
interventions. The rationale for the daily dose selected in the
present study was based on two key factors: (1) the calcula-
tion of the animal dose based on the efficacious human
equivalent dose (500mg efficacious in humans, correspond-
ing to 8.33mg/kg for a 60 kg adult) using the body surface
area method as described by Reagan-Shaw et al. [28] and (2)
two dose/response studies. In each case, we determined that
the appropriate daily dose for rats to be 52mg/kg.

An additional strength of the study was the use of vali-
dated, complementary measurements including physical,
histological, and biochemical assessments. Each of the study
endpoints has been employed successfully in many previous
non-clinical assessments of both pharmacological and nutri-
tional interventions in various rat models. In particular, the
use in human studies of biomarkers for both safety and effi-
cacy is growing at a rapid pace, and the use of CTXII,
COMP, and A2M extends their applicability to the collagen-
induced arthritic rat model. Finally, the use of a positive ref-
erence standard, methotrexate ensured that during the
course of all experiments, our animals were sensitive and
responsive. In this regard, NEM was approximately 50% as
efficacious as methotrexate at reducing the severe inflamma-
tion in this model of RA. This suggests that NEM could
offer advantages over methotrexate in a clinical context, due
to its documented efficacy and superior side effect profile
[17–19]. Low-dose methotrexate is associated with severe
adverse side effects, including hepatotoxicity, pulmonary tis-
sue damage, myelosuppression, and impaired renal function
which often cause patients to discontinue its use [63–67].

The primary limitation of this study was the limited
selection of biomarkers. Each of the biomarkers that we
selected for this study (CTXII, COMP, A2MG, and IL-1b)
has been reported to be associated with RA in pre-clinical
and clinical studies (see above). IL-1b is validated molecular
target for the treatment of RA in humans [48]. Two major
biomarkers that were not included in this study were TNF-a
and MMP-3. TNF-a has long been a validated molecular
target for the treatment for RA, and there are numerous
anti-TNF-a agents currently approved for clinical use

throughout the world [68,69]. In addition, MMP-3 is a
highly relevant biomarker in the context of RA, although
there are no currently available agents that specifically target
MMP-3 activity. Several recent studies in patients with RA
have reported that baseline elevated MMP-3 is predictive of
radiographic progression [31], and that treatment of patients
with RA with either methotrexate or iguratimod lowers
MMP-3 [31,70–75].

Conclusions

In conclusion, these results demonstrate the efficacy of NEM
in a well validated rat model of inflammatory arthritis. NEM
exhibited beneficial effects on multiple aspects of the disease
including inflammation, pannus, cartilage damage, bone
resorption, and periosteal bone formation. In addition, this
study provides further support for the use of CTXII, COMP,
A2M, and IL-1b as relevant biomarkers that were responsive
to NEM (and methotrexate). Taken together, these results
support the beneficial effects of NEM on key pathologies of
arthritis including inflammation and cartilage degradation.
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Introduction: Sub-optimal joint function is extremely prevalent in dogs.  Therefore, a 6-week, 

prospective, randomized, double-blind, placebo-controlled study was conducted at eight differ-

ent veterinary clinics to evaluate the efficacy, safety, and tolerability of NEM® brand eggshell 

membrane (EM), a novel dietary supplement shown in other species to help maintain healthy 

joints and connective tissues. 

Subjects and methods: Fifty-one dogs received oral EM ~13.5 mg/kg (6 mg/lb) or placebo 

(excipients) once daily for 6 weeks.  The primary outcome measure of this study was to evalu-

ate the change in mean joint function following 1 week and 6 weeks of supplementation as 

determined via the Canine Brief Pain Inventory (CBPI) questionnaire (Q#5-10) in the treat-

ment group versus the placebo group.  Secondary outcome measures were for changes in mean 

CBPI pain and CBPI quality of life, and mean joint pain, mobility and lameness via Veterinary 

Canine Scoring Assessments (VCSA).  A final secondary outcome measure was for a change 

in serum levels of the cartilage degradation biomarker, c-terminal cross-linked telopeptide of 

type-II collagen (CTX-II).  

Results:  Supplementation with EM produced a significant treatment response versus placebo 

at 1 week (20.5% improvement, P=0.028), but fell shy of significance at 6 weeks post-treatment 

(22.5% improvement) for the primary outcome measure (CBPI Function), despite a sizeable 

treatment effect.  Similarly, there was also a significant treatment response versus placebo at 1 

week for CBPI Pain (19.4% improvement, P=0.010), but fell just shy of significance at 6 weeks 

(22.5% improvement), again despite a sizeable treatment effect.  Results were not significant 

versus placebo at 1 week for CBPI quality of life (14.0%  improvement), but produced a sig-

nificant treatment response by the end of the 6-week study (26.8%  improvement, P=0.033).  

Additionally, EM produced a significant treatment response versus  placebo at 6 weeks for 

VCSA pain (23.6% improvement, P=0.012), but fell shy of significance for VCSA mobility 

and VCSA lameness (walking & trotting). Serum CTX-II levels in EM-supplemented dogs 

was significantly improved versus placebo at 6 weeks (47.9% improvement, P=0.018).  There 

were no serious adverse events reported during the study and subject dog owners reported 

that EM was well tolerated by their pets.

Conclusion: Supplementation with EM, ~13.5 mg/kg (6 mg/lb) taken once daily, significantly 

reduced joint pain and improved joint function rapidly (CBPI 1 week) and demonstrated a last-

ing improvement in joint pain (VCSA 6 weeks) leading to an improved quality of life (CBPI 6 

weeks).  Moreover, a profound chondroprotective effect was demonstrated following 6 weeks 

of supplementation with EM (CTX-II).
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Introduction
Suboptimal joint function (stiffness, inflexibility, and lame-

ness) is extremely prevalent in dogs, often arising from either 

congenital abnormalities or traumatic injury. Hip dysplasia 

is the most common orthopedic condition, leading to sub-

optimal joint function. Estimates of its rate of incidence 

are quite variable throughout the world, with larger studies 

centering around ∼20% across all breeds and having a range 

of anywhere from a few percent to ∼50% depending upon 

breed.1–4 Joint laxity, femoral head misalignment, and uneven 

weight distribution while walking produce chronic localized 

inflammation in hip dysplasia, frequently leading to the devel-

opment of osteoarthritis (OA) secondarily. Epidemiological 

evidence of the prevalence of primary and/or secondary OA 

in dogs is sparse, but some estimate that up to 20% of adult 

dogs and 80% of geriatric dogs (>8 years old) suffer from 

OA,5,6 which is in line with estimates of the prevalence of 

OA in humans (21%).7

Cartilage is primarily composed of extracellular matrix, 

a composite network of proteins such as type II collagen 

interacting with negatively charged polysaccharides such as 

hyaluronic acid and chondroitin sulfate (CS), all of which 

are synthesized and secreted by chondrocytes. Pathological 

conditions such as OA are characterized by an imbalance in 

cartilage turnover, in which catabolic processes predominate 

over anabolic processes. Extracellular matrix synthesis can-

not keep pace with degradation, resulting in a loss of the 

structural integrity of the articular cartilage. This cartilage 

metabolism imbalance coupled with biomechanical stress 

in the joint resulting from laxity, misalignment, or other 

malformations leads to chronic inflammation and ultimately 

irreversible joint destruction. Products of this cartilage deg-

radation process can be found in both blood and urine of 

arthritic subjects.

Of these cartilage degradation biomarkers, c-terminal 

cross-linked telopeptide of type II collagen (CTX-II) has 

been shown to have a strong correlation with the histologi-

cal severity of destructive joint diseases in animal models.8 

Because CTX-II is highly conserved genetically within 

vertebrate species, it has shown an exceptional correlation 

between animal model research and human clinical evalu-

ation. CTX-II has been associated with both the incidence 

and progression of human OA in multiple clinical trials.9–11 

However, relatively few studies have assessed the utility of 

CTX-II in the evaluation of canine joint disease;12 and to 

our knowledge, CTX-II has never been used to evaluate the 

chondroprotective effect of a treatment for naturally occur-

ring canine joint disease.

The pain and inflammation associated with canine mala-

dies such as hip dysplasia and OA can be quite debilitating, 

and few treatment options exist outside of easing symptoms. 

Traditional nonsurgical treatments for these disorders usu-

ally involve the use of nonsteroidal anti-inflammatory drugs 

(NSAIDs, eg, carprofen, meloxicam, etc).13 However, as in 

humans, there are safety concerns with long-term use of 

NSAIDs. Complementary and alternative medicines such 

as dietary supplements are also sometimes used in the 

management of canine OA,14 although there have been few 

well-controlled trials demonstrating their efficacy in dogs. 

Glucosamine (GluN), chondroitin, and omega-3 fatty acids 

(eg, fish oil, green-lipped mussel, etc) alone and in combina-

tion are widely marketed as canine dietary supplements to 

treat joint pain. The discovery of eggshell membrane (ESM) 

as a natural source of immune-modulating components has 

prompted the evaluation of this material as a treatment for 

suboptimal joint function in dogs.

ESM, found between the calcified shell and the albumin 

in chicken eggs, is primarily composed of fibrous pro-

teins such as collagen type I,15 which form the mesh-like 

structure of the bilayered material. However, ESMs have 

also been shown to contain other bioactive components, 

namely glycosaminoglycans (ie, dermatan sulfate,16 CS,16 

hyaluronic acid,17 etc). ESM is known to reduce the expres-

sion of various proinflammatory cytokines both in vitro18 

and in vivo,19 including the key mediators of inflamma-

tion, interleukin-1beta and tumor necrosis factor-alpha. A 

proprietary form of ESM, commercially available as the 

branded product NEM® brand eggshell membrane (EM) 

(ESM Technologies LLC, Carthage, MO, USA), has dem-

onstrated safety and efficacy in multiple clinical trials in 

relieving joint pain and stiffness in humans with OA20–22 

and has been investigated for similar uses in various spe-

cies of animals, including cranes,23 camels,24 and horses.25 

However, EM has not been previously evaluated in dogs.

Although it is generally agreed that animals lack a 

significant placebo effect, it can nonetheless be difficult to 

evaluate subjective measures of their health and well-being. 

The Canine Brief Pain Inventory (CBPI) is a validated owner-

administered test instrument (questionnaire) that is designed 

to assess the severity of chronic pain in dogs with OA and 

its impact on their function during daily activities. The CBPI 

has been shown to be appropriate and sufficiently sensitive 

to reliably detect treatment responses in multiple studies.26–29 

In addition to the dog owner’s assessment of treatment effect, 

it is also important to obtain a clinician’s assessment, as a 

veterinarian will generally be more objective regarding the 
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dog’s condition than will the dog owner. Over the past decade, 

various ordinal-scale clinician assessment tools have been 

developed,  which provide a good basis for the inclusion of 

veterinarian evaluation of study dogs.30–32

The multicenter trial reported herein was designed to 

evaluate the efficacy and safety of the natural joint treatment, 

EM in dogs. Therefore, a 6-week, multicenter, randomized, 

controlled trial was conducted to evaluate the efficacy and 

tolerability of EM for the treatment of suboptimal joint func-

tion (eg, stiffness, inflexibility, lameness) in dogs.

Subjects and methods
Study design
The study was conducted according to a prospective, ran-

domized, double-blind, placebo-controlled design and was 

conducted across eight veterinary clinics in the Saint Louis, 

MO metropolitan area. The study design was approved by the 

Institutional Animal Care and Use Committee (IACUC) of 

Missouri State University (Springfield, MO USA) (Study #14-

035.0) in accordance with the Guide for the Care and Use of 

Laboratory Animals (National Academies Press, Washington, 

D.C. USA, 1996). Dog owners provided their written informed 

consent for their dogs to participate. Eligible subjects were 

centrally randomized to receive either EM or placebo in the 

order in which they were enrolled in the study using a per-

muted-block randomization table consisting of four subjects 

per block. Dog owners, clinical investigators, subinvestigators, 

clinical site personnel, and the clinical coordinator (performed 

central randomization) were all blinded to treatment. Treat-

ment consisted of tablets (once daily, orally) providing either 

150 mg of EM or 150 mg of additional excipients for every 

25 pounds of a subject dog’s body weight (equating to ∼6 mg/

lb or 13.5 mg/kg). This dose was based upon an allometric 

conversion33 from the human dose of 500 mg/d that has been 

shown to be effective in previous clinical trials.20–22 Both 

treatment and placebo tablets were provided by United Pet 

Group, a division of Spectrum Brands (Earth City, MO, USA), 

and were identical in appearance and odor and were stored in 

closed containers at ambient temperature. Inactive excipients 

(ie, brewer’s yeast, maltodextrin, silicon dioxide) were used 

to produce both treatment tablets, and additional excipients 

replaced the EM in the placebo tablets. The placebo tablets 

were tested to verify that they did not contain EM. Clinic 

visits were scheduled for subject dogs at study initiation and at 

6 weeks following the onset of treatment. Subject dog owners 

were given an owner-assessment diary to be filled out daily 

for 6 weeks and were instructed to record any changes in the 

overall subject health, changes in exercise routine, and any 

apparent discomfort associated with ingestion of either treat-

ment or placebo tablets. Treatment compliance was checked 

at the final clinic visit by owner interview and by counting the 

number of unused doses of the study medications.

Subjects
All privately owned dogs, 18 months of age or older, weighing 

10–100 pounds whose owners were seeking relief of mild 

to moderate suboptimal joint function were considered for 

enrollment in the study. In order to be eligible, subject dogs 

must have had mild-to-moderate persistent suboptimal joint 

function (eg, difficulty in getting up from a laying position, 

a noticeable limp, impaired gait, difficulty in climbing stairs) 

lasting for at least 3 months with a mean baseline function 

score between 2.0 and 8.5 on Q#5–10 of the CBPI question-

naire. Dogs that were currently receiving prescription or over-

the-counter analgesic medications or NSAIDs daily were only 

eligible to participate in the study following a 14-day washout 

period for NSAIDs, a 7-day washout period for narcotics, and 

a 90-day washout period for injected steroids. Dogs currently 

receiving joint health supplements or consuming a joint 

health diet (ie, those containing glucosamine, CS, methylsul-

fonylmethane, curcumin, etc) were only eligible to participate 

in the study following a 3-month washout period. Subjects 

were 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 also excluded if they had a known confounding 

immune-mediated (eg, lupus), known infectious (eg, Lyme 

disease), known neurological, or known neoplastic disease 

or condition that would interfere with assessment of joint 

function. Other exclusionary criteria were a known allergy to 

eggs or egg products, a significant injury to the affected joint 

within the past 3 months, or pregnant or nursing female dogs. 

Subjects participating in any other 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.

Treatment response
The primary outcome measure of this study was to evaluate 

the change in mean joint function as determined via CBPI 

questionnaire (Q#5–10) in the treatment group versus the pla-

cebo group. An additional outcome measure was to evaluate 

a change in mean joint pain or discomfort as determined via 

CBPI questionnaire (Q#1–4) in the treatment group versus 

the placebo group. The treatment response end points were 

at 1 week (by in-home owner survey) and at the week 6 clinic 
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visit utilizing the eleven-question-validated CBPI question-

naire. Each of the first ten questions on the CBPI questionnaire 

includes a zero to ten ordinal scale, with zero equating to no 

pain (or does not interfere) and ten equating to extreme pain 

(or completely interferes). The final CBPI question asks the 

owner to rate the dog’s overall quality of life (QOL) using a 

five-category Likert-type scale (poor/fair/good/very good/

excellent), which was then converted to a numeric value (1–5) 

for statistical comparison. End points were then compared to 

placebo assessments. Additional outcome measures were the 

change in mean joint pain and mobility utilizing a Veterinary 

Canine Scoring Assessment (VCSA) and the change in mean 

lameness while walking (w) and trotting (t) utilizing a second 

VCSA. The joint pain and mobility VCSA consisted of a five-

point ordinal scale assessment via palpation or manipulation 

of the most apparent affected joint or joints (Table 1), and 

the lameness VCSA consisted of a seven-point ordinal scale 

assessment while either walking or trotting (Table 2).

Assessment of serum CTX-II
A secondary objective of this study was to evaluate the change 

in mean serum CTX-II levels in the treatment group versus 

placebo at 6 weeks. Blood samples were collected in serum 

tubes at baseline and at the week 6 clinic visit. In brief, the 

blood samples were allowed to clot at room temperature for 

15–30 minutes, followed by centrifugation at 1,000–2,000× 

g for ∼10 minutes. Following transfer of the supernatant 

serum to a new tube, samples were stored frozen (-20°C) until 

analysis. Serum concentrations of CTX-II were measured via 

enzyme-linked immunosorbent assay using a commercial 

immunoassay (Serum Pre-Clinical CartiLaps® [CTX-II] EIA; 

Immunodiagnostic Systems, Inc., Gaithersburg, MD, USA) 

according to manufacturer’s instructions using a SpectraMax 

Plus 384 microplate reader (Molecular Devices LLC, Sunny-

vale, CA, USA). Samples were run in duplicate when assayed.

Adverse events and safety
A final objective of this study was to evaluate safety, tolerabil-

ity, and any adverse reactions associated with  supplementation 

with EM. Blood samples were collected at baseline and at the 

week 6 clinic visit to evaluate treatment safety via clinical 

chemistry (total protein, albumin, globulin, albumin/globulin 

ratio, blood urea nitrogen, creatinine, blood urea nitrogen/cre-

atinine ratio, glucose, alanine aminotransferase, and alkaline 

phosphatase) and hematology (platelet count, hemoglobin, 

hematocrit, mean corpuscular volume, mean corpuscular 

hemoglobin, mean corpuscular hemoglobin count, red blood 

cell count, and white blood cell count with differential 

Table 1 Veterinary Canine Scoring Assessment (VCSA) for joint 
pain and mobility

Criterion Clinical scoring

Pain on palpation 1. None
2. Mild signs; dog turns head in recognition
3. Moderate signs; dog pulls limb away
4. Severe signs; dog vocalizes or becomes aggressive
5. Dog will not allow palpation

Joint mobility 1. Full range of motion
2. Mild limitation (10%–20%) in range of motion; no 

crepitus
3. Mild limitation (10%–20%) in range of motion; 

with crepitus
4. Moderate limitation (20%–50%) in range of 

motion; ±crepitus
5. Severe limitation (>50%) in range of motion; 

±crepitus

Table 2 Veterinary Canine Scoring Assessment (VCSA) for 
lameness when walking and trotting

Criterion Clinical scoring

Lameness when 
walking

1. No detectable lameness
2. Slight intermittent weight-bearing lameness 

(difficult to see)
3. Moderate intermittent weight-bearing lameness 

(easy to see)
4. Persistent weight-bearing lameness (obvious pain)
5. Persistent lameness, occasionally nonweight 

bearing
6. Persistent nonweight-bearing lameness (willing 

to move)
7. Severe persistent nonweight-bearing lameness 

(reluctant to move)
Lameness when 
trotting

1. No detectable lameness
2. Slight intermittent weight-bearing lameness 

(difficult to see)
3. Moderate intermittent weight-bearing lameness 

(easy to see)
4. Persistent weight-bearing lameness (obvious pain)
5. Persistent lameness, occasionally nonweight 

bearing
6. Persistent nonweight-bearing lameness (willing 

to move)
7. Severe persistent nonweight-bearing lameness 

(reluctant to move)

[lymphocytes, monocytes, neutrophils, eosinophils, and 

basophils]). Clinical chemistry testing was performed by a 

commercial veterinary testing laboratory (Antech Diagnos-

tics, Chesterfield, MO, USA). The owner-assessment diaries 

were also reviewed, and any discomfort or other adverse 

events (AEs) were recorded and reported in accordance with 

the study protocol. AEs and serious AEs were assessed by 

the clinical investigator at each study visit and followed until 

resolution, as necessary. Serious AEs were required to be 

reported to the study monitor immediately.
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Statistical analysis
As this is the first efficacy trial in dogs, historical data were 

not available to serve as a basis for sample size determination. 

However, the hypothesis for this study is that the treatment 

group will be superior to that of the placebo group in improving 

suboptimal joint function. A 15% absolute change in the mean 

primary treatment response (joint function score will decrease 

by an average of at least 15% in the treatment group versus 

the placebo group) was used for sample size determination. 

Based upon this, it was estimated that a sample size of 40 dogs 

(20 treatment and 20 placebo) would need to be enrolled to 

provide the study with a statistical power of 80% to detect a 

treatment effect difference between the treatment group and 

the placebo group, assuming a rate of response of 20% in the 

treatment group, a rate of response of 5% in the placebo group, 

and a withdrawal rate of 5%. Since the enrollment for the study 

was 51 dogs, this should be sufficient to provide adequate 

safety and comparative effectiveness information. Descriptive 

statistics were calculated, including mean age and weight, and 

comparisons of these demographic data from the eight clini-

cal sites were made with a Kruskal–Wallis test for multiple 

independent samples at baseline to validate randomization. 

Within-group comparisons, using the Kruskal–Wallis test for 

multiple independent samples, were also made within clinical 

sites to rule out any site bias. Post-baseline statistical analyses 

were performed as repeated measures analysis of variance. 

The items found to have statistical significance with repeated 

measures analysis of variance were then compared using a 

Wilcoxon test for dependent samples. In all cases, statistical 

significance was accepted at P<0.05. Analysis of the primary 

end point and all secondary end points was conducted on the 

intent-to-treat population (ie, including all randomized subjects 

with at least one efficacy assessment after randomization). 

The last observation carried forward approach was used for 

subjects that made at least one follow-up visit but that did not 

complete the study (lost to follow-up) to minimize missing 

data points for statistical transformations. SYSTAT software 

(Version 13) was used for all statistical analyses.34

Results
Subject recruitment began in August 2014 at eight veterinary 

clinics in the Saint Louis, Missouri metropolitan area, and 

the final evaluation was completed in August 2015. A total 

of 51 dogs between the ages of 3 years and 14 years with 

suboptimal joint function were enrolled in the study and 

underwent randomization. Of these subjects, 12% (6/51) 

were from site 1, 20% (10/51) were from site 2, 12% (6/51) 

were from site 3, 25% (13/51) were from site 4, 10% (5/51) 

were from site 5, 8% (4/51) were from site 6, 10% (5/51) 

were from site 7, 4% (2/51) were from site 8, 21 (41%) were 

female, 30 (59%) were male, and all were either spayed or 

neutered. The treatment joints consisted of stifle/knee (24), 

hip (21), shoulder (3), and elbow (10). Of the 24 subjects 

in which the stifle/knee was the affected joint, six (25%) 

had bilateral incidence. Of the 21 subjects in which the hip 

was the affected joint, eleven (52%) had bilateral incidence. 

Complete subject demographics, subdivided by treatment 

group, are reported in Table 3. Forty-six dogs completed the 

6-week study per the protocol. The dropout rate (9.8%; three 

placebo and two treatment) was moderately higher than the 

estimated dropout rate (5%) used in the sample size deter-

mination; however, enrollment well exceeded the sample 

size of 40 dogs. From each group, two dogs were withdrawn 

due to lack of efficacy, and one dog was withdrawn from 

the placebo group due to not meeting the inclusion criteria. 

Compliance with the study treatment regimen was good in 

both treatment groups.

Subject demographic data were initially evaluated 

to ensure randomization within each site (not shown). 

Additionally, subject data were evaluated between sites to 

exclude site bias (not shown). During the randomization 

evaluation, data from site 1 exhibited some abnormalities, 

and upon further investigation, randomization could not 

be guaranteed so data from these dogs (6) were excluded 

from further evaluation. As there were no abnormalities 

within the remaining sites, the data (45) were pooled 

for all subsequent analyses. A clinical comparison of 

valid subjects (excluding noncompliance) was carried 

out to obtain mean baseline values for each of the CBPI 

outcome measures (Table 4). Statistical analysis of the 

Table 3 Subject demographics

Treatment Placebo

Age, years 9.5±3.4 9.5±2.2
Sex
Male (%) 17 (65) 13 (52)
Female (%) 9 (35) 12 (48)
Weight, kg (lbs)  23±11 (51±25) 25±11 (55±25)
Breeds
Pure (%) 15 (58) 13 (52)
Mixed (%) 11 (42) 12 (48)
Affected joint
Stifle/knee (l, r, bilateral) 7 (1, 4, 2) 17 (6, 7, 4)
Hip (l, r, bilateral) 13 (4, 3, 6) 8 (2, 1, 5)
Shoulder (l, r, bilateral) 2 (2, 0, 0) 1 (0, 1, 0)
Elbow (l, r, bilateral) 6 (3, 2, 1) 4 (2, 1, 1)

Note: Except where indicated otherwise, values are reported as mean 
± standard deviation (n=51).
Abbreviations: l, left, r right.
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primary outcome measure (CBPI function) revealed that 

supplementation with EM produced a significant treatment 

response versus placebo at 1 week (20.5% improvement, 

P=0.028), but fell short of significance at 6 weeks post-

treatment (21.1% improvement, P=0.155), despite a size-

able treatment effect. Similarly, supplementation with EM 

produced a significant treatment response versus placebo at 

1 week for CBPI pain (19.4% improvement, P=0.010), but 

fell just short of significance at 6 weeks (22.5% improve-

ment, P=0.098), again despite a sizeable treatment effect. 

Supplementation with EM was not signif icant versus 

placebo at 1 week for CBPI QOL (14.0% improvement, 

P=0.155), but produced a significant treatment response 

by the end of the 6-week study (26.8% improvement, 

P=0.033). A clinical comparison of valid subjects (exclud-

ing noncompliance) was also carried out to obtain mean 

baseline values for each of the VCSA outcome measures 

(Table 5). Statistical analysis of the secondary outcome 

measures (VCSA pain, mobility, lameness while walking, 

and lameness while trotting) revealed that supplementation 

with EM produced a significant treatment response versus 

placebo at 6 weeks for VCSA pain (23.6% improvement, 

P=0.012), but fell short of significance for VCSA mobility 

(11.7% improvement, P=0.141), VCSA lameness (w, 9.4% 

improvement, P=0.329), and VCSA lameness (t, 10.8% 

improvement, P=0.358).

Table 4 Mean scores for CBPI owner evaluations and absolute 
treatment effect in NEM® brand eggshell membrane (EM)-supplemented 
and placebo groups at baseline, 1 week, and 6 weeks post-treatment

Weeks  
post-treatment

Treatment Absolute  
treatment  
effect (%)

Placebo EM

CBPI pain Baseline (n=22, 23) 4.0±1.6 4.5±2.0 N/A

1 (n=21, 21) 3.9±1.9 3.5±2.0 –19.4*

6 (n=21, 21) 3.9±1.6 3.3±2.2 –22.5
CBPI function Baseline (n=22, 23) 5.1±2.1 5.2±2.2 N/A

1 (n=21, 21) 4.7±2.4 3.7±2.3 –20.5*

6 (n=21, 21) 4.5±2.5 3.4±2.7 –21.1
CBPI QOL Baseline (n=22, 23) 3.0±0.6 2.7±0.9 N/A

1 (n=21, 21) 3.0±0.7 3.1±0.7 +14.0
6 (n=21, 21) 3.2±0.7 3.6±1.1 +26.8*

Notes: Except where indicated otherwise, values are reported as mean 
± standard deviation. Absolute treatment effect is the net difference of 
treatment versus placebo for the change in mean treatment effect from 
baseline expressed in percentage. Negative values for pain or function 
indicate superior improvement in the treatment group, whereas positive 
values for QOL indicate superior improvement in the treatment group. 
P-values were determined by repeated measures analysis of variance and 
represent treatment versus placebo. *P<0.05. 
Abbreviations: CBPI, Canine Brief Pain Inventory; N/A, not applicable; 
QOL, quality of life. 

Table 5 Mean scores for VCSA veterinarian evaluations and absolute 
treatment effect in NEM® brand eggshell membrane (EM)-supplemented 
and placebo groups at baseline and 6 weeks post-treatment

Weeks  
post-treatment

Treatment Absolute 
treatment 
effect (%)

Placebo EM

VCSA pain Baseline (n=22, 23) 2.0±0.7 2.8±0.4 N/A

6 (n=21, 21) 2.1±0.9 2.2±0.7 –23.6*
VCSA mobility Baseline (n=22, 23) 2.5±0.7 2.9±1.0 N/A

6 (n=21, 21) 2.5±0.9 2.5±1.1 –11.7
VCSA lameness (w) Baseline (n=22, 23) 2.7±0.9 2.9±1.0 N/A

6 (n=21, 21) 2.4±1.2 2.3±0.9 –9.4
VCSA lameness (t) Baseline (n=22, 23) 2.9±1.0 2.7±1.0 N/A

6 (n=21, 21) 2.7±1.3 2.3±1.0 –10.8

Notes: Except where indicated otherwise, values are reported as mean 
± standard deviation. Absolute treatment effect is the net difference of 
treatment versus placebo for the change in mean treatment effect from 
baseline expressed in percentage. Negative values indicate superior 
improvement in the treatment group. P-values were determined by 
repeated measures analysis of variance and represent treatment versus 
placebo. *P<0.05. 
Abbreviations: VCSA, Veterinary Canine Scoring Assessment; N/A, 
not applicable; w, walking; t, trotting.

Viable serum samples from both baseline and week 6 

were obtained from 26 (14 treatment and 12 placebo) of the 

42 dogs that completed the study. A clinical comparison of 

these valid subjects was carried out to obtain mean baseline 

values for the cartilage degradation biomarker, CTX-II. 

Statistical analysis of serum CTX-II levels revealed that 

supplementation with EM produced a significant treatment 

response versus placebo at 6 weeks (47.9% improvement, 

P=0.018; Figure 1; placebo, baseline: 5.0±6.9 pg/mL and 

week 6: 6.9±7.5 pg/mL; EM, baseline: 5.0±11.6 pg/mL 

and week 6: 4.5±9.0 pg/mL). The intra-assay coefficient of 

variation was 5.13.

There were 15 AEs reported during the study. These were 

composed of three instances of loose stool, two instances 

of diarrhea, seven instances of vomiting, two instances of 

rash, and one instance of constipation. Eight AEs occurred 

in five placebo group subjects and seven AEs occurred in 

four treatment group subjects. All of the AEs were deemed 

unrelated to the study treatment. There were no serious AEs 

reported during the study. There were no treatment-related 

abnormalities in any of the clinical chemistry parameters 

evaluated in the study. Subject dog owners reported that the 

treatment was well tolerated by their pets.

Discussion
Joint and connective tissue disorders are extremely com-

mon in dogs and can have a significant impact on the QOL 
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for those that suffer from the debilitating conditions. This 

trial was designed to evaluate the efficacy, safety, and 

tolerability of EM ESM as a natural treatment alternative 

for dogs suffering from suboptimal joint function. Results 

of this study demonstrate that EM is both effective and 

safe for treating pain (CBPI and VCSA) and immobility 

(CBPI) associated with suboptimal joint function and 

effectively improves the QOL (CBPI) of the dogs  receiving 

the supplement.

Subject dogs experienced a relatively rapid (1 week) 

response as rated by CBPI pain with a mean improvement 

of 19.4%. By the end of the 6-week follow-up period, the 

mean response for joint pain improved to 23.6% as judged 

by veterinarians (VCSA). By comparison, Moreau et al30 

found no benefit in dogs with OA even after 8 weeks of 

treatment with a supplement containing glucosamine (GluN) 

hydrochloride and CS. McCarthy et al32 found a similar 

treatment response from a Glu/CS supplement to that found 

from EM presented here; however, this benefit was only 

seen after >9 weeks of supplementation. Importantly, both 

studies utilized veterinarian assessments nearly identical 

to our VCSA. The rapid onset of the treatment effect from 

EM is on par with that found for meloxicam and carprofen 

evaluated in these same studies. A brief responder analysis 

of the pain-related data from the current study provides a 

number of clinically relevant highlights. Approximately 

one-half (48%) of the EM-treated subjects experienced a 

≥33% improvement in both VCSA pain and CBPI pain by 

6 weeks (not shown). Importantly, the owner assessments of 

pain were corroborated by the veterinarian assessments of 

pain, and these results align well with results from  previous 

responder analyses in clinical studies of EM that were con-

ducted in humans.20–22

Subject dogs also experienced a relatively rapid 

(1 week) response as rated by CBPI function with a mean 

improvement of 20.5%. By the end of the 6-week follow-up 

period, the mean response for CBPI function improved to 

21.1%. The sizeable improvements noted by the dog owners 

could not be fully corroborated by the veterinarian assess-

ments of mobility and lameness (w and t), which improved 

by an average of 11.7%, 9.4%, and 10.8%, respectively. 

This disagreement may be a consequence of the differ-

ence in precision between the two instruments. That is, the 

CBPI questionnaire utilizes a ten-point scale, whereas the 

VCSA questionnaires utilize a five-point scale (mobility) or 

seven-point scale (lameness). Therefore, a more substantial 

change in joint function is required to result in a change 

in VCSA scoring. It is also possible that the disagree-

ment in instruments arises from the inherent design of the 

questionnaires. That is, the VCSA questionnaires are more 

specific in their assessment of joint function, whereas the 

CBPI questionnaire evaluates joint function more broadly 

and generally.

The effect a treatment has on overall QOL can be an 

important determinant of treatment efficacy and ultimately 

future treatment compliance. Although joint pain, immobil-

ity, and lameness certainly factor into QOL, there are also 

certain intangible qualities that affect this aspect of treat-

ment, as well. Importantly, in the present study, dog owners 

reported a rapid (1 week) response in CBPI QOL with a mean 

improvement of 14.0%. By the end of the 6-week follow-up 

period, the mean response for CBPI QOL improved to 26.8%. 

The magnitude of this improvement would be expected to 

be clinically meaningful in the QOL of dogs suffering from 

suboptimal joint function.

Symptom relief is certainly a critical component of 

any arthritis treatment. However, the further capacity to 

reduce inflammation within the joint and preserve articular 

cartilage integrity – to be disease modifying – is lacking in 

currently available treatments. We report here for the first 

time the chondroprotective effects in dogs, as evidenced by 

the substantial reduction (47.9%) in the change in serum 

CTX-II levels after 6 weeks of supplementation with EM 

versus placebo. The capacity of EM to impact CTX-II so 

profoundly was first shown in a rat model of OA;35 however, 

the current study is the first evidence demonstrated in natu-

rally occurring joint disease. Evidence from prior studies 

Figure 1 Percentage of change from baseline in serum CTX-II levels after 6 weeks 
in EM-supplemented and placebo groups.
Abbreviation: CTX-II, cross-linked telopeptide of type II collagen.
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involving EM indicates that this chondroprotective effect 

likely arises from reduced joint inflammation18,19 coupled 

with reduced levels of various cartilage-degrading matrix 

metalloproteinases.35

The safety profile for EM is also of significance as there 

have been no reports of serious AEs associated with treat-

ment in any of the clinical studies conducted to date. No side 

effects from consuming EM have thus far been identified, 

excluding the obvious egg allergy concern. This is of obvious 

importance in canine conditions such as hip dysplasia and 

OA that require long-term treatment.

The trial had a somewhat limited enrollment (51 sub-

jects); however, there was a fairly low drop-out rate (9.8%) 

and good treatment compliance. The variability in the 

severity of the suboptimal joint function in the study dogs 

likely made it more difficult to detect treatment responses, 

and this was complicated by the wide variety of breeds 

(and concurrent sizes) of dogs enrolled in the study, as 

well. The owner assessment (CBPI), although validated 

for use in the treatment of OA with NSAIDs, appeared to 

effectively detect changes in joint pain and joint function in 

this study. The veterinarian assessments (VCSA), although 

based upon previous assessment designs,29–31 were modi-

fied to a significant degree for this study and appeared to 

be effective tools for clinician assessment. The addition 

of additional objective measures of joint function (eg, 

force plate analysis, gait analysis) could prove beneficial. 

Further research is warranted to validate the use of serum 

CTX-II as a diagnostic or prognostic biomarker for canine 

cartilage status.

With so many dogs suffering from suboptimal joint 

function, it is important for dog owners to have treatment 

options that are both safe and effective. The reporting of 

the results from this eight-center randomized controlled 

trial demonstrates that EM ESM is a viable therapeutic 

option for the management of the pain and loss of func-

tion associated with suboptimal joint function in dogs. 

Supplementation with EM, 6 mg/lb (∼13.5 mg/kg) taken 

once daily, significantly reduced joint pain and improved 

joint function rapidly (CBPI 1 week) and demonstrated 

a lasting improvement in joint pain (VCSA 6 weeks) 

leading to an improved QOL (CBPI 6 weeks). Moreover, 

a profound chondroprotective effect was demonstrated 

following 6 weeks of supplementation with EM. There 

were also clinically meaningful results from a brief 

responder analysis, demonstrating that a significant pro-

portion of treated dogs will benefit substantially from EM 

supplementation.
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Abstract 
A single-center, open-label clinical study was conducted to evaluate the efficacy and safety of 
NEM® as a natural treatment for pain and stiffness associated with osteoarthritis of the knee in an 
Italian population. NEM® brand eggshell membrane is a unique dietary supplement that contains 
naturally occurring glycosaminoglycans and proteins essential for maintaining healthy joints and 
connective tissues. Twenty-five subjects received oral NEM®, 500 mg once daily for four weeks. 
The primary outcome measure was to evaluate the mean effectiveness of NEM® in relieving gener-
al pain associated with moderate osteoarthritis of the knee at 10 and 30 days utilizing a 10-ques- 
tion, abbreviated questionnaire based on the WOMAC osteoarthritis questionnaire. Supplementa-
tion with NEM® produced a significant treatment response from baseline at both 10 days and 30 
days for composite pain (40.6% reduction, p < 0.001; 66.4% reduction, p < 0.001, respectively). 
There was also a statistically significant concurrent reduction in analgesic use during the 30-day 
study period. Additionally, a significant treatment response from baseline was also observed for 
composite stiffness at both 10 days and 30 days (22.2% reduction, p = 0.009; 59.7% reduction, p < 
0.001, respectively). There were no adverse events or serious adverse events reported during the 
study and the treatment was reported to be well tolerated by study participants. NEM® is an effec-
tive and safe natural therapeutic option for the treatment of both pain and stiffness associated 
with osteoarthritis of the knee. Supplementation with NEM®, 500 mg taken once daily, significant-
ly reduced both pain and stiffness rapidly (10 days) and this effect continued to improve through 
30 days. There was also a meaningful reduction in the amount of analgesic consumed on a weekly 
basis, which further enhanced patients’ safety. 
*Corresponding author.
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1. Introduction 
Osteoarthritis (OA) is a degenerative disease primarily affecting the cartilage of articular joints and is frequently 
accompanied by varying degrees of joint pain and stiffness in afflicted subjects. OA is one of the most common 
causes of chronic pain in adults 65 and older and often leads to disability as the disease progresses [1]. Estimates 
of the prevalence of OA in European populations vary widely, however, two recent studies conducted in Italy 
found the prevalence of knee OA to be 29.8% [2] and 36.7% [3]. The pain associated with these maladies can be 
quite debilitating and few treatment options exist outside of easing symptoms. This usually involves the use of 
analgesics (e.g. acetaminophen, hydrocodone) or non-steroidal anti-inflammatory drugs (NSAIDs) (e.g. ibupro-
fen, celecoxib, etc.), alone or in combination. Most of these treatments have shown limited effectiveness in ran-
domized controlled clinical trials (RCTs) [4]-[6] or are known to have significant and sometimes severe side ef-
fects [7] [8]. NEM® brand eggshell membrane has previously demonstrated good efficacy in relieving joint pain 
and stiffness in multiple clinical trials in the U.S. [9] [10] and recently in a German population [11].

Eggshell membrane is primarily composed of fibrous proteins such as Collagen Type I [12]. However, egg-
shell membranes have also been shown to contain other bioactive components, namely glycosaminoglycans (i.e.
dermatan sulfate [13], chondroitin sulfate [13], hyaluronic acid [14], etc). ESM Technologies, LLC (Carthage,
MO, USA) has developed methods to efficiently and effectively separate eggshell membrane from eggshells on
a commercial metric-ton scale. The isolated membrane is then partially hydrolyzed using a proprietary process 
and dry-blended to produce NEM® brand eggshell membrane. Compositional analysis of NEM® conducted by 
ESM Technologies has identified a high content of protein and moderate quantities of glucosamine (up to 1% by 
dry weight), chondroitin sulfate (up to 1%), hyaluronic acid (up to 2%), and collagen (Type I, up to 5%).

The single-center trial reported here was designed to evaluate the efficacy of this natural arthritis treatment in 
an Italian population and to confirm the results found previously in the U.S. and Germany. Therefore, a 1-month 
open-label study was conducted at a single clinical site in Italy to evaluate the efficacy and tolerability of NEM®

for the relief of the pain and discomfort associated with osteoarthritis of the knee.

2. Patients and Methods 
2.1. Study Design 
The study was conducted according to a prospective, single-center, open-label design and was conducted in Italy 
in accordance with the International Conference on Harmonization guideline for the principles of Good Clinical 
Practice (ICH E6) and the Declaration of Helsinki. Patients provided their written informed consent to partici-
pate. The clinical investigators were not blinded to treatment (open-label). Treatment consisted once daily orally 
of 500 mg of NEM® in vegetarian capsules that were stored in closed containers at ambient temperature. Clinic 
visits were scheduled for subjects at study initiation and at 10 days and 30 days following the onset of treatment. 
Treatment compliance was checked at clinic visits by patient interview and by counting the number of unused 
doses of the study medications. Analgesics (i.e. acetaminophen) were allowed for pain relief, as needed. Sub-
jects recorded the time and amount of analgesic taken in patient diaries.

2.2. Patients 
All subjects 18 years of age or older who were seeking relief of mild to moderate pain due to osteoarthritis of the 
knee were considered for enrollment in the study. In order to be eligible, subjects must have had moderate per-
sistent pain in the knee associated with osteoarthritis and must have had baseline scores within the range of 4 - 7
on questions 1, 2, & 5 dealing with joint pain. Subjects that were currently taking analgesic medications daily, 
currently taking glucosamine, chondroitin sulfate, MSM, or collagen were ineligible to participate in the study.
Patients were excluded if they were currently receiving remission-inducing drugs such as methotrexate or im-
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munosuppressive medications or had received them within the past 3 months. Other exclusionary criteria were: a 
known allergy to eggs or egg products, or pregnant or breastfeeding women. Subjects participating in any other 
research study involving an investigational product (drug, device, or biologic) or a new application of an ap-
proved product, within 30 days of screening were also excluded from participating in the trial.

2.3. Location of Patients 

The majority of patients were enrolled in an area of 50 km around the city of Verona, the capital of the homo-
nymous province, where the Medical center REGENESIS is located, others patients come from different prov-
inces, in particular Trento, Vicenza, Padova and Pordenone. The map below shows the different origins of the 
patients.

2.4. Treatment Response 

The primary outcome measure of this study was to evaluate the mean effectiveness of NEM® in relieving gener-
al pain associated with moderate osteoarthritis of the knee (composite score of Questions 1 - 8). A composite 
score was calculated as the sum of the questions of interest. Additional outcome measures were to evaluate gen-
eral stiffness (composite score of Questions 9 & 10), analgesic use during the study, and non-composite mean 
results for all 10 individual questions. The primary treatment response endpoints were the 10-and 30-day patient 
assessments utilizing a 10-question short-form questionnaire (see Figure 1) derived from the Western Ontario & 
McMasters Universities Osteoarthritis Index (WOMAC) questionnaire. Each question included a zero to 10 
analog Likert-scale, with zero equating to no pain (or no stiffness) and 10 equating to most severe pain (or most 
severe stiffness). Patients were asked to mark a number corresponding to the perceived pain (or stiffness) from 
the affected treatment joint (s). Endpoints were then compared to pretreatment assessments.

Figure 1. Questions used in the short-form questionnaire completed by study participants.
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Question 1: Pain when walking on level ground?
Question 2: Pain when going up or down stairs?
Question 3: Pain while at rest (i.e. sitting, lying down, etc.)?
Question 4: Pain when sitting with legs bent for an extended period of time (i.e. in a car, at a 
theater, etc.)?
Question 5: Pain when getting up from a seated position?

Question 6: Pain when getting in and out of a car, a bathtub, etc.?

Question 7: Pain when bending, stooping, or kneeling?

Question 8: Pain when putting on socks or pantyhose?

Question 9: Stiffness when first getting up from bed in the morning?

Question 10: Stiffness when sitting, laying, or resting later in the day?

2.5. Adverse Events 
A secondary objective of this study was to evaluate tolerability and any adverse reactions associated with sup-
plementation with NEM®. The subjects’ self-assessment diaries were reviewed and any discomfort or other ad-
verse events were recorded and reported in accordance with applicable ICH Guidelines. Adverse events and se-
rious adverse events were assessed by the clinical investigator at each study visit and followed until resolution, 
as necessary. Serious adverse events were required to be reported to the clinical investigator immediately.

2.6. Statistical Analysis 
As this was an open-label study, a simple single-group sample size estimate [15] was performed for statistical 
power determination for a continuous variable. In the similar trial with NEM® conducted in Germany [11], the 
mean standard deviation for the study subjects for pain was 1.55 points. We hoped to be able to detect a 1.5 
point difference from baseline within the 10-point Likert scale. Therefore a minimum of 18 subjects would need 
to be enrolled to have a 95% likelihood of detecting the expected improvement with a statistical power of 80%.
Post-baseline statistical analyses were done as repeated measures Analysis of Variance (rm-ANOVA). Items 
found to have statistical significance with rm-ANOVA were then compared using a Wilcoxon test for dependent 
samples. Statistical significance was accepted at p < 0.05. Analysis of the primary outcome measure (the change 
from baseline in general pain levels) was conducted in the per protocol population. SPSS Statistics V19.0 was 
used for all statistical analyses [16].

3. Results 
Patient recruitment began in May 2014 at a single clinical site in Italy and the final follow-up was conducted in 
July 2014. A total of twenty-five subjects between the ages of 43 and 81 were enrolled with osteoarthritis of the 
knee. Of these subjects, twenty (80%) were female and five (20%) were male. Of the twenty-five subjects with 
knee OA, 10 (40.0%) had bilateral incidence. Patient demographics are reported in Table 1. All twenty-five 

Table 1. Patient demographics.a

Age, yrs 69.4 ± 9.6

Sex

Male (%) 5 (20)

Female (%) 20 (80)

Height, cm 165.8 ± 7.0

Weight, kg 71.0 ± 10.5

Body-mass Index 25.8 ± 3.2

Affected Joint

Knee (l, r, bilateral) 25 (5, 10, 10)

a. Except where indicated otherwise, values are reported as mean ± standard deviation (SD) (n = 25). BMI was determined 
as weight in kilograms divided by height in meters squared.
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subjects completed the one month study per the protocol. Compliance with the study treatment regimen was 
good.

A clinical comparison of valid subjects was carried out to obtain mean baseline scores for each of the ten 
questions from the subject questionnaire, as well as the 10-day and 30-day endpoints. Statistical analysis of the 
primary outcome measure revealed that supplementation with NEM® produced a significant treatment response 
from baseline at both 10 days and 30 days for composite pain (40.6% reduction, p < 0.001; 66.4% reduction, p <
0.001, respectively) (see Figure 2(a)). There was also a statistically significant concurrent reduction in analgesic 
use during the 30-day study period. At baseline, subjects consumed analgesic slightly less than one day per week 
on average, and this dropped 78.3% (p = 0.017) to 0.2 days through the 10-day endpoint. All 25 subjects con-
sumed no analgesic through the final 3 weeks of the study (p = 0.003) (see Figure 2(b)). A significant treatment 
response from baseline was also observed for composite stiffness at both 10 days and 30 days (22.2% reduction, 
p = 0.009; 59.7% reduction, p < 0.001, respectively) (see Figure 2(c)). Supplementation with NEM® also pro-
duced a significant treatment response from baseline after 10 days when replying to Questions 1 - 5 & 7 - 8
(30.2% to 50.0% improvement) and at 30 days for all eight pain-related questions evaluated (50.9% to 78.9% 
improvement) (see Table 2). Treatment response fell shy of statistical significance for Question 6 at 10 days (p
= 0.190). Similarly, a significant treatment response for stiffness was found at 10 days (Question 9) (27.7% im-
provement) but fell just shy of significance for Question 10 (15.4% improvement, p = 0.069). There was also a 
significant treatment response at 30 days for both stiffness-related questions (Q9 & Q10) (53.2% & 69.2%, re-
spectively). There were no adverse events or serious adverse events reported during the study and the treatment 
was reported to be well tolerated by study participants.

4. Discussion 
Osteoarthritis is very common in Italy with about one-third of the population having some form of the disease [2]
[3]. This has a large impact on the quality of life of those afflicted with OA [17]. This open-label clinical trial 
was designed to evaluate the efficacy of NEM® as a natural arthritis treatment in an Italian population and to 
further validate the extension of the body of clinical evidence for NEM® from the United States to the general 
European population. The study demonstrated that NEM® is effective and safe for treating both pain and stiff-
ness associated with osteoarthritis of the knee and results in the use of less analgesic medication.

Study subjects experienced relatively rapid (10 days) responses for both composite pain (40.6% improvement) 
and composite stiffness (22.2% improvement). By the end of the follow-up period (30 days) the mean response 
for composite pain and stiffness had increased substantially (66.4% improvement & 59.7% improvement, re-
spectively). These results are quite similar to results from previous clinical studies of NEM® that were con-
ducted in the U.S. [9] [10] and is a somewhat larger effect than what was found recently in a German population
[11]. This difference may be a result of a small difference in mean pain at baseline between the two study popu-
lations (4.6 compared to 4.9 in Germany). Both studies showed statistically significant treatment effects at 10 

Figure 2. Mean composite pain score (a), mean analgesic user per week (b), and mean composite stiffness score (c) at 
baseline and 10 & 30 days of supplementation. Values are reported as means ± standard deviation (SD) (n = 25). *p >
0.05, **p < 0.001 
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Table 2. Mean values by question in an NEM-supplemented treatment group at baseline and 10 & 30 days post-treatment.

Days
Post-Treatment Mean ± SD Percent

Improvement P-valuea Days
Post-Treatment Mean ± SD Percent

Improvement P-valuea

Question 1 Baseline (n = 25) 5.1 ± 0.3 - - Question 6 Baseline (n = 25) 2.9 ± 0.6 - -

10 (n = 25) 3.1 ± 0.5 39.2% <0.001** 10 (n = 25) 2.2 ± 0.6 24.1% 0.190

30 (n = 25) 2.0 ± 0.5 60.8% <0.001** 30 (n = 25) 0.9 ± 0.2 69.0% 0.002*

Question 2 Baseline (n = 25) 5.6 ± 0.4 - - Question 7 Baseline (n = 25) 5.3 ± 0.6 - -

10 (n = 25) 3.1 ± 0.6 44.6% <0.001** 10 (n = 25) 3.7 ± 0.5 30.2% 0.005*

30 (n = 25) 1.7 ± 0.4 69.6% <0.001** 30 (n = 25) 2.6 ± 0.3 50.9% <0.001**

Question 3 Baseline (n = 25) 3.2 ± 0.6 - - Question 8 Baseline (n = 25) 3.8 ± 0.6 - -

10 (n = 25) 1.6 ± 0.5 50.0% 0.031** 10 (n = 25) 1.9 ± 0.5 50.0% 0.006*

30 (n = 25) 0.8 ± 0.3 75.0% <0.001** 30 (n = 25) 0.8 ± 0.3 78.9% <0.001**

Question 4 Baseline (n = 25) 5.6 ± 0.4 - - Question 9 Baseline (n = 25) 4.7 ± 0.6 - -

10 (n = 25) 3.5 ± 0.4 37.5% <0.001** 10 (n = 25) 3.4 ± 0.5 27.7% 0.018*

30 (n = 25) 1.9 ± 0.3 66.1% <0.001** 30 (n = 25) 2.2 ± 0.4 53.2% <0.001**

Question 5 Baseline (n = 25) 5.6 ± 0.3 - - Question 10 Baseline (n = 25) 3.9 ± 0.5 - -

10 (n = 25) 3.0 ± 0.5 46.4% <0.001** 10 (n = 25) 3.3 ± 0.5 15.4% 0.069

30 (n = 25) 1.8 ± 0.4 67.9% <0.001** 30 (n = 25) 1.2 ± 0.3 69.2% <0.001**

a. P-values were determined by Wilcoxon test for dependent samples following a statistically significant difference as determined by rm-ANOVA, 
and represent treatment versus baseline. *p < 0.05, ** p < 0.001.

days, so this is not too concerning. Study subjects also experienced large improvements in particular aspects of 
pain when reviewing the individual questions from the short-form questionnaire. For example, at 30 days there 
was a 75% improvement in pain while at rest (Question 3) and a 79% improvement in pain when putting on 
socks or pantyhose (Question 8). Likewise, pain when going up and down stairs (Question 2) and pain when 
getting in and out of a car, bathtub, etc. (Question 6) were both improved by nearly 70%. This broad treatment 
effect relating to numerous activities of daily living should have a profound impact on the subjects overall qual-
ity of life. This should also help them to remain active as they age, which is also important to other aspects of 
health (i.e. cardiovascular disease, neurodegenerative disease, etc.).

The safety profile for NEM® was again found to be excellent as there were no reports of adverse events or se-
rious adverse events associated with treatment. This was comparable to the clinical trials conducted with NEM®

previously [9]-[11]. No side effects from consuming NEM® have so far been identified, excluding the obvious 
egg allergy concern. This is very important in a disease like osteoarthritis that requires long-term treatment. The 
analgesics and NSAIDs normally used to treat such conditions are known to lead to gastric [7] and cardiovascu-
lar [8] complications which can considerably increase mortality in an elderly population.

The trial had a limited enrollment (25 subjects), however no subjects withdrew from the study and there was 
good treatment compliance. As the trial was also open-label, there is the obvious issue of the placebo effect. The 
inclusion of a placebo control would have provided greater clinical clarity, however it would have required a 
substantially larger study population. These limitations are minor when considering the totality of the available 
clinical evidence for the use of NEM® in joint and connective tissue disorders.

5. Conclusion 
It is important for patients to have treatment options that are both safe and effective in managing chronic diseas-
es such as osteoarthritis, especially in Italy where about one-third of the population is affected. The reporting of 
the results from this single-center, open-label clinical study demonstrates that NEM® brand eggshell membrane 
is a viable natural treatment option for the management of osteoarthritis of the knee. In this clinical study, 
NEM®, 500 mg taken once daily, significantly reduced both composite pain and stiffness rapidly (10 days) and 
this effect continued to improve through 30 days. There was also a meaningful reduction in the amount of anal-
gesic consumed on a weekly basis, which further enhanced patients’ safety.
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Introduction 

Osteoarthritis(OA), also called degenerative 
arthritis, is one of the most common types of 
arthritis. In most cases, osteoarthritis develops in 
the weight-bearing joints of the knees, 
characterizing local deformation of affected joint 
cartilage, joint swelling, excessive bone formation 
of the affected bone cartilage, transformation of 
joint. It is a disease causing the symptoms of 

osteoarthritis, which tend to gradually develop, 
including repetitive joint pain and soreness, 
gradual motility disorder. In addition, the affected 
joints may also be stiff or creaky. The cause of 
osteoarthritis has not been investigated exactly 
yet, but many factors - such as genetics, age, 
injury, obesity - may play a role. 

Women over the age of 50 are vulnerable to 
osteoarthritis showing 95% incidence rate 

ABSTRACT

Purpose: The aim of this study is to investigate the anti-arthritis activities using natural eggshell 
membrane (NEM). Methods: NEM was administered at 52 mg/kg, 200 mg/kg, and 400 mg/kg to SD-
Rat, where arthritis was induced by monosodium iodoacetate (MIA) at 3 mg. NO production in serum 
was measured using Griess reagent. Cytokines including IL- -6 were measured by Luminex
and PGE2, MMP-2, MMP-9, TIMP-1, LTB4, and hs-CRP were measured by ELISA. The cartilage of 
patella volume was examined, and 3-D high-resolution reconstructions of the cartilage of patella were 
obtained using a Micro-CT system. Results: Production of NO, IL- -6, PGE2, MMP-2, MMP-9, 
TIMP-1, LTB4, and hs-CRP in serum was decreased, respectively, in comparison with control. The 
cartilage of patella volume increased significantly. In addition, the NEM group showed a decrease in 
the cartilage of patella, synovial membrane, and transformation of fibrous tissue. Conclusion: The 
results for NEM showed significant anti-arthritis activity. These results may be developed as a raw 
material for new health food to ease the symptoms mentioned above.

KEY WORDS: osteoarthritis, anti-inflammatory, NEM, MIA, health food
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under the age of 75. Recently, osteoarthritis has 
been treated focused on improving the symptoms 
by using medical treatment-such as anti-
inflammatory analgesic drug and cartilage 
protection- and nondrug treatment. In the case of 
anti-inflammatory analgesic drug, it can cause the 
side effect on gastro-intestinal tract when taken 
for a long period and total joint replacement can 
also develop complications. 

Taken all these together, the preference and 
demand on health functional food have increased 
for the treatment of osteoarthritis. However, the 
medical field has doubted the effects of bone-
related health functional food. To maintain and 
develop the arthritis health functional food 
market, therefore, alternative needs to be 
concerned in developing health functional food 
for osteoarthritis and in this point of view, the 
need for studying the source of health functional 
food is increasing. 

Eggshell membrane is the clear film lining of 
an eggshell having a function of letting oxygen 
pass and blocking invasion of bacteria. Eggshell 
membrane is one of the elements that make up 
the egg that occupies an important position as a 
complete food in the human diet. It is composed 
of 70% organic matter, 10% inorganic material 
and 20% water and 80% of the organic material 
constitutes the main component, and the rest is 
made of 2.3% of the fat and 3.4% carbohydrate. 

However, of the elements that make up the 
egg, egg yolk, egg white is used as a raw material 
for processed foods and egg shell has been used 
as a raw material for a calcium supplement to 
play an important role in dental and skeletal 
formation. In contrast, in case of eggshell, since 
the utilization is not high, it is classified as waste.  

As a pre-study of the animal model in 
eggshell was LPS-induced inflammatory 
experiment and reported the efficacy of anti-
arthritis by reducing the inflammatory cytokines 
and chemokines level. According to this basis, 
eggshell membrane is considered to be 

efficacious for osteoarthritis yet the mechanism 
and efficacy study of the anti-arthritis for this 
situation is minimal. The purpose of this study 
was in accordance with previous studies, in 
osteoarthritis-induced animal model, through the 
study of arthritis-inducing factor, the purpose of 
this study was to improve the prevention and 
application in material development for new eco-
friendly and effective supplements.  

Methods 

Materials and Methods 
NEM (Natural eggshell membrane 

manufactured by ESM Technologies, LLC, USA) 
was prepared by Ju Yeong NS Co., Ltd., Seoul, 
Republic of Korea. To investigate the effect of 
prevention and treatment on arthritis, 2 weeks 
before inducing osteoarthritis by MIA 
(monosodium iodoacetate), NEM was 
administered with 2 ml orally at a dose of 52 
mg/kg, 200 mg/kg, and 400 mg/kg daily, once a 
day at 10 A.M. and the same volume of distilled 
water was used as a vehicle control group. After 2 
weeks of oral administration, osteoarthritis was 
induced and the same amount at the same 
concentration of NEM was orally administered for 
4 weeks. 
Animals, Care and Diet 

Male SD-Rats (170-200 g) at 6 weeks of age 
were obtained from  RaonBio (Seoul, Korea) and 
animals were housed in cages under standard 
experimental condition (22±2 ;  55±15% 
humidity; 12-hour light/dark cycle) and had 
access to standard rat chow (Purina, Nestle). 
Animals were used in experiment after having 2 
weeks of adjustment period. All animal 
procedures were approved by the Daejeon 
University Animal Care Committee (Approved 
number-DJUARB2014-023) and were performed 
in accordance with the guidelines of the National 
Institutes of Health. 
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Rats were anesthetized with the mixture of 
Zoletil 0.5 ml and rompun 0.1 ml. Arthritis was 
induced after shaving the knee of the rats. Rats 
were given a single intra-articular injection of 50 
ul at a dose of 3 mg/ml MIA (Sigma-Aldrich 
Corporation, MO, USA) through the right knee. 
MIA was dissolved in 0.9% saline. 35 Rats were 
divided into 5 groups; normal group without MIA-
induction, MIA-induced arthritis (administered 
distilled water) control group, MIA-induced 
arthritis with administration of NEM experimental 
group, etc. 
Blood Collection  

After the final end of experiment using a 
heart puncture, heart blood was collected 10 ml 
of blood into the syringe tube. After 30 minutes at 
room temperature and hardened by 
centrifugation at 3,000 rpm for 15 minutes, to 
separate the serum, hs-CRP was measured by 
referral to the Research Institute of Seoul (Seoul, 
Korea). 
Cytokine Measurement  

The IL- -6 in serum separated from 
the blood was measured to check the 
inflammatory cytokines and arthritis-inducing 
factor in the serum and were measured using 
Mouse cytokine milliplex map immunoassay kit 
(Millipore, MA, USA) by Luminex (Millipore, MA, 
USA). NO (Intron Biotechnology, Suwon, Korea), 
PGE2 (R&D system, Minneapolis, USA), MMP-2 
(R&D system, Minneapolis, USA), MMP-9 (R&D 
system, Minneapolis, USA), LTB4 (R&D system, 
Minneapolis, USA), Rat CTX-2 ELISA kit, (Biotang, 
MA, USA), Rat COMP ELISA kit (AnaMar Medical 
AB, Lund, Sweden) were measured by ELISA 
reader (Molecular Devices, CA, USA). 
Micro-CT Arthrography Measurement  

Micro-CT measurements were performed at 
Yonsei University (Wonju, Korea), A hex Briggs 
(HEXABRICS 320) injected into the tail vein using a 
micro-CT-arthrography and the amount of knee 
joint cartilage (cartilage volumne) were measured 
and analyzed. 

Immunohistochemistry  
After shooting Micro-CT, the knees were cut 

and decalcificated in formalin solution containing 
10% EDTA. Using radiographic technique, after 
identifying the result of decalcification, joint 
tissues were put in paraffin wax and fixed and 
then performed coronal section. After the 
procedure of decalcification, the tissue fixed by 
paraffin was cut into 7 m, and stained by 
Hematoxylin and Eosin (H&E) and Safranin-O to 
observe the tissue. 
Statistical Analysis 

SPSS 11.0 (statistical package for social 
sciences, Version 10.0, Chicago, USA) was used for 
all statistical analysis. using unpaired student's T-
test and statistical significance was accepted at an 

 

Results
Effect of NEM on NO and PGE2  

Nitric oxide in the blood (nitric oxide, NO) 
measurement of the production are as follows:. 
The no

 in the 200 mg/kg
the 400 mg/kg showing a tendency to gradually 
decrease as the concentration of NO in NEM 
group compared to the control group. In 
particular, it showed a significant reduction in the 
concentration of the group 400 mg/kg and 200 
mg/kg (Fig. 1). In addition, the result of 
prostaglandins-E2 (ProstaGlandin-E2, PGE2) 
measurement of the production was 1550.5 ± 
172.8 pg/ml in normal group, 2482.9 ± 315.4 
pg/ml in control group and NEM treated group 
was 1802.6 ± 540.6 pg/ml in 52 mg/kg , 1518.9 ± 
411.8 pg/ml in 200 mg/kg, and 989.8 ± 435.6 
pg/ml in 400 mg/kg showing a significant 
reduction in all concentrations (Fig. 2).  
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Effect of NEM on cytokine levels  
In the measurement of the IL-

in the blood, normal group showed 40.50 ± 2.52 
pg/ml, the control group was found to be 72.50 ± 
8.23 pg/ml, NEM treated group was found to be 
52.02 ± 10.20 pg/ml in 52 mg/kg, 43.61 ± 6.83 
pg/ml in 200 mg/kg, and 37.50 ± 7.19 pg/ml in 
400 mg/kg showing a dose-dependent manner 
with significant reduction (Fig. 3A).  In the case of 
IL-6 production, the control group was 61.75 ± 

2.63 pg/ml, the control group was found to be 
136.00 ± 13.37 pg/ml. NEM treated group was 
121.50 ± 7.72 pg/ml at 52 mg/kg, 113.50 ± 14.27 
pg/ml in 200 mg/kg, and 86.50 ± 16.03 pg/ml in 
400 mg/kg showing reduction and in particular it 
showed a significant reduction in the group of 400 
mg/kg (Fig. 3B). 

Effect of NEM on hs-CRP  
As a result of high sensitivity C-reactive 

protein in the blood (hs-CRP) measurement, 
normal group was 0.21 ± 0.04 mg/L, control group 
was 0.61 ± 0.07 mg/L, NEM-treated group showed 
0.25 ± 0.07 mg/L in 52 mg/kg, 0.24 ± 0.09 mg/L in 
200 mg/kg, 0.22 ± 0.05 mg/L in 400 mg/kg 
showing a significant reduction in all 
concentrations (Fig. 4). 

 
Fig. 1. Effects of NEM on levels of NO in the serum of MIA-
induced osteoarthritis rats.  The results are expressed as 
mean ± S.D. from 7 osteoarthritis rats. Statistically 
significant value compared with control group by unpaired 
student's t- Normal, Normal SD-rat 
group; Control, MIA-induced osteoarthritis group; 52, MIA-
induced osteoarthritis group + NEM 52 mg/kg; 200, MIA-
induced osteoarthritis group + NEM 200 mg/kg; 400, MIA-
induced osteoarthritis group + NEM 400 mg/kg. 

 
Fig. 2. Effects of NEM on levels of PGE2 in the serum of MIA-
induced osteoarthritis rat. The results are expressed as 
mean ± S.D. from 7 osteoarthritis rats. Statistically 
significant value compared with control group by unpaired 
student's t- -
rat group; Control, MIA-induced osteoarthritis group; 52, 
MIA-induced osteoarthritis group + NEM 52 mg/kg; 200, 
MIA-induced osteoarthritis group + NEM 200 mg/kg; 400, 
MIA-induced osteoarthritis group + NEM 400 mg/kg. 

 

 
Fig. 3. Effects of NEM on levels of IL- -
induced osteoarthritis rats.  The results are expressed as 
mean ± S.D. from 7 osteoarthritis rats. Statistically significant 
value compared with control group by unpaired student's t-

ormal 
SD-rat group; Control, MIA-induced osteoarthritis group; 52, 
MIA-induced osteoarthritis group + NEM 52 mg/kg; 200, 
MIA-induced osteoarthritis group + NEM 200 mg/kg; 400, 
MIA-induced osteoarthritis group + NEM 400 mg/kg. 
 

A 
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Effect of NEM on MMP’s and LTB4 
Among the matrix proteases in the blood 

(matrix metallopeoteinase, MMP), the results of 
MMP-2 and MMP-9 are as follows. In case of 
MMP-2, the normal group was 0.45 ± 0.04 ng/ml, 
and control group was found to be 0.85 ± 0.08 
ng/ml. NEM-treated group was 0.71 ± 0.12 ng/ml 
in 52 mg/kg, 0.66 ± 0.10 ng/ml in 200 mg/kg, 0.59 
± 0.08 ng/ml in 400 mg/kg showing a 
concentration-dependent reduction (Fig. 5A). In 
the case of MMP-9 production, normal group was 
0.31 ± 0.06 ng/ml, control group was 0.65 ±0.06 
ng/ml, and NEM-treated group was 0.44 ±0.15 
ng/ml in 52 mg/kg, 0.36 ±0.11 ng/ml at 200 
mg/kg, and 0.36 ± 0.09 ng/ml at 400 mg/kg 
showing a concentration-dependent reduction 
(Fig. 5B). As a result of measuring the production 
of leukotriene B4 (LTB4), normal group was 463.6 
± 72.3 pg/ml, control group was 1488.5 ± 242.5 
pg/ml, NEM-treated group was 939.9 ± 203.6 
pg/ml at 52 mg/kg, 833.1 ± 376.6 pg/ml at 200 
mg/kg, 794.5 ± 275.6 pg/ml at 400 mg/kg showing 
a significant reduction in all doses (Fig. 6).  

 
Fig. 4. Effects of NEM on levels of hs-CRP in the serum of 
MIA-induced osteoarthritis rats. The results are expressed 
as mean ± S.D. from 7 osteoarthritis rats. Statistically 
significant value compared with control group by unpaired 
student's t- -rat 
group; Control, MIA-induced osteoarthritis group; 52, MIA-
induced osteoarthritis group + NEM 52 mg/kg; 200, MIA-
induced osteoarthritis group + NEM 200 mg/kg; 400, MIA-
induced osteoarthritis group + NEM 400 mg/kg.
 

 
Fig. 6. Effects of NEM on levels of LTB4 in the serum of MIA-
induced osteoarthritis rats.  The results are expressed as 
mean ± S.D. from 7 osteoarthritis rats. Statistically 
significant value compared with control group by unpaired 
student's t-
SD-rat group; Control, MIA-induced osteoarthritis group; 
52, MIA-induced osteoarthritis group + NEM 52 mg/kg; 
200, MIA-induced osteoarthritis group + NEM 200 mg/kg; 
400, MIA-induced osteoarthritis group + NEM 400 mg/kg. 
 

 

 
Fig. 5. Effects of NEM on levels of MMP-2 in the serum of 
MIA-induced osteoarthritis rats. The results are expressed 
as mean ± S.D. from 7 osteoarthritis rats. Statistically 
significant value compared with control group by unpaired 
student's t- rmal SD-
rat group; Control, MIA-induced osteoarthritis group; 52, 
MIA-induced osteoarthritis group + NEM 52 mg/kg; 200, 
MIA-induced osteoarthritis group + NEM 200 mg/kg; 400, 
MIA-induced osteoarthritis group + NEM 400 mg/kg. 

A 

B 
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Effect of NEM on cartilage damage
The measurement of the cartilage damage in 

the blood is as follows. In COMP (Cartilage 
Oligomeric Matrix Protein) production, normal 
group was 90.2 ± 12.9 ng/ml, control group was 
134.4 ± 18.1 ng/ml, NEM-treated group was 115.2 
± 17.0 ng/ml at 52 mg, 107.8 ± 18.6 ng/ml at 200 
mg, and 101.9 ±  
(Fig. 7). Also, as a result of CTX-  (C-telopeptide 
of type  collagen) production, normal group 
was 1.8 ± 1.3 pg/ml, control group was 273.7 ± 
49.2 pg/ml, NEM-treated group was 49.5 ± 7.7 

 ± 11.5 pg/ml at 
200 mg and 73.2 ± 22.6 pg/ml at 400 
mg  0.01) showing a significant decrease at 
all doses (Fig. 8).  

Effect of NEM on knee joint pathology

To determine the changes and infiltration of 
inflammatory cells in the synovial cells of knee 
joints, H&E staining was used. While the control 
group induced osteoarthritis resulting in 
deformation of the cartilage and synovial 
membrane and fibrous tissue remarkably than the 
normal group, deformation of the cartilage and 
synovial tissue fibers in NEM treated group was 

found to be suppressed than in the control group 
(Fig. 9A). In addition, knee cartilage proteoglycan 
layers stained with Safranin-O were tested to 
confirm the damage of cartilage. As a result, the 
control group was induced osteoarthritis, leading 
to the transformation of the joint tissue and the 
cartilage cells next to synovial membrane was 
found to be severely damaged. The deformation 
of the joint tissue in NEM group was suppressed 
compared with the control, and damage of the 
cartilage cells was also found to be inhibited (Fig. 
9B). 
Effect of NEM on cartilage volume 
 

As a result of imaging by using a micro CT-
arthrography of the amount of knee joint 
cartilage, It was confirmed that the cartilage in 
the normal group was more reduced compared to 
the control group. In NEM treated group, the 
amount of cartilage was more preserved than 
that of control group (Fig. 10A). The results of 
measuring the amount of the area of preserved 
cartilage were 0.63 ± 0.10 mm3 in normal group, 
0.20 ± 0.08 mm3 in control group and NEM 
treated group showed 0.45 ± 0.12 mm3 at 52 

 
Fig. 7. Effects of NEM on levels of COMP in the serum of 
MIA-induced osteoarthritis rats. The results are expressed 
as mean ± S.D. from 7 osteoarthritis rats. Statistically 
significant value compared with control group by unpaired 
student's t- rmal SD-rat group; 
Control, MIA-induced osteoarthritis group; 52, MIA-induced 
osteoarthritis group + NEM 52 mg/kg; 200, MIA-induced 
osteoarthritis group + NEM 200 mg/kg; 400, MIA-induced 
osteoarthritis group + NEM 400 mg/kg.
 

 
Fig. 8. Effects of NEM on levels of CTX-  in the serum of 
MIA-induced osteoarthritis rats. The results are expressed 
as mean ± S.D. from 7 osteoarthritis rats. Statistically 
significant value compared with control group by unpaired 
student's t- rmal SD-rat group; 
Control, MIA-induced osteoarthritis group; 52, MIA-induced 
osteoarthritis group + NEM 52 mg/kg; 200, MIA-induced 
osteoarthritis group + NEM 200 mg/kg; 400, MIA-induced 
osteoarthritis group + NEM 400 mg/kg. 
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mg/kg, 0.39 ± 0.08 mm3 at 200 mg/kg, and 0.37 ± 
0.11 mm3 at 400 mg/kg (Fig. 10B). 

Discussion
In recent years, 65 years or older population 

is increasing by an average life span increased 
with the development of medicine and nutrition. 
This causes diabetes,  high blood pressure, 
Alzheimer's disease, and a number of studies on 
the age-related disease such as osteoarthritis are 
being actively investigated. Among these 
diseases, osteoarthritis is a disease that its 
prevalence increases proportionally with age. 
However, since some view osteoarthritis as a 
degenerative phenomenon so osteoarthritis has 

been overlooked in the treatment of aging and 
disease management. The current treatment for 
osteoarthritis is nonpharmacologic therapy, 
medication, surgery, etc but these all hang 
reactivated when stop taken. In clinical research, 
the effects of those are inadequate or last for a 
short time so the study on treatment for 
osteoarthritis is still ongoing. Accordingly, it is 
necessary to study the prevention and 
improvement of osteoarthritis in serving as a new 
osteoarthritis drug development.     

Natural Eggshell Membrane, NEM, used in this 
study is an environmentally-friendly and effective 
material proved by a variety of research and the 
number of experiments for osteoarthritis is 
currently ongoing. According to the results 

 

 
Fig. 9. Effects of NEM on joint pathology (Hematoxylin & 
Eosin staining) and (Safranin-O) from joint tissue of MIA-
induced osteoarthritis rats. Normal group shows the 
presence of slightly thickened synovium (arrow) Control 
group shows isolated areas with chronic inflammation 
(arrow). NEM treated group shows signs of tissue integrity 
with a thick layer of cartilage compared with control group 
(arrow). Normal, Normal SD-rat group; Control, MIA-induced 
osteoarthritis group; 52, MIA-induced osteoarthritis group + 
NEM 52 mg/kg; 200, MIA-induced osteoarthritis group + 
NEM 200 mg/kg; 400, MIA-induced osteoarthritis group + 
NEM 400 mg/kg. 
 

 

 
Fig. 10. Effects of NEM on imaging of cartilage degeneration 
using micro CT-arthrography in joint tissue of MIA-induced 
osteoarthritis rats. The results were expressed as mean ± 
S.D. from 7 osteoarthritis rats. Statistically significant value 
compared with control group by unpaired student's t-test 

rmal SD-rat group; Control, MIA-
induced osteoarthritis group; 52, MIA-induced osteoarthritis 
group + NEM 52 mg/kg; 200, MIA-induced osteoarthritis 
group + NEM 200 mg/kg; 400, MIA-induced osteoarthritis 
group + NEM 400 mg/kg. 
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reported up to now, it has been found that NEM 
is an effective substance in pain relief in clinical 
osteoarthritis and reduction of cytokines in 
osteoarthritis-induced animal experiments. 

Therefore, in accordance with previous 
studies, this study was to determine the efficacy 
of NEM by studying the inducer of osteoarthritis 
in osteoarthritis-induced animal model. First, to 
identify the effects of NEM on the prevention and 
improvement of osteoarthritis, from the 2 weeks 
before the MIA-induced osteoarthritis to 4 weeks 
after the MIA-induced osteoarthritis, NEM were 
orally administered to the animals at all 
concentrations and then the OA-induced factors, 
histopathological examination and micro-CT were 
tested through the blood test, joint and cartilage. 

When divided by the factor associated with 
the pathogenesis of osteoarthritis, proteolytic 
enzymes, cytokines, and the nitric oxide are 
known as major factors. Among these, NO, one of 
the inflammatory mediators of vascular system 
plays an important role in hypertension, 
neurotransmission, and the immune system and 
is produced excessively during the process of 
various diseases such as rheumatoid arthritis and 
osteoarthritis. And the excessive production of 
NO, resulting in damage to the tissue and nerves, 
gene mutation, edema by increasing vascular 
permeability, leads to excessive inflammatory 
responses. Further, if inflammation occurs in the 
human body, PGE2, the most important substance 
in the pathogenesis of inflammation, is produced 
very quickly by COX-2 in macrophages.  While NO 
plays many roles in the early stages of white 
blood cells movement to the site of inflammation, 
PGE2 acts mainly fever and pain that appears later 
and develops osteophytes resulting in an 
abnormal bone growth and pain frequently in 
osteoarthritis.  In this study, the measurement of 
NO in NEM-treated group showed significant 
reduction in both 200 and 400 (mg/kg) groups, 
and the measurement of PGE2 exhibited a 

significant reduction at all treatment 
concentrations. 

Cytokines regulate the inflammatory 
response by Th1 cells. Th1 cells promote 
inflammatory cytokines such as IL-1, IL-6 by 
activating monocytes and synoviocytes and also 
promote localized bone destruction by activating 
B cells leading to the differentiation of 
osteoclasts. Among these cytokines, IL-
production of other inflammatory mediators, 
including PGE2 and NO from the cartilage and 
synovial cells, and by stimulating the expression 
of MMPs, it is known as a powerful cytokine that 
causes the degradation of cartilage in 
osteoarthritis. IL-6 is a pro-inflammatory cytokine 
secreted by the inflammatory response, and 
regulates the immune response, hematopoiesis, 
inflammation secreted by helper T cells, 
macrophages, mast cells, neutrophils, epithelial 
cells, fibroblasts, etc. Katherine also stated that IL-
6 shows higher activity in the synovial fluid 
secreted by the blood vessels in the synovium and 
joint tissues than that of serum indicating the 
important role of IL-6 in osteoarthritis. In this 
study, in NEM treated group compared to the 
control IL- -6 was reduced significantly, 
especially in a concentration 400mg/kg.  

CRP (Reactive Protein) is a typical acute 
phase reaction molecule that increases or 
decreases in response to inflammation or tissue 
damage. For this reason, CRP, one of the proteins 
called acute phase reactants, may be used to 
monitor the change of infectious diseases and 
inflammation. Hs-CRP test, used in this 
experiment, is a measurement which can more 
accurately detect the low levels of protein than 
standard CRP test found that it is related to the 
concentration of IL-6 in serum by Madhok et al. 
The measurement of the hs-CRP in this study, 
NEM treated group showed a significant 
reduction in all treatment concentrations. 

MMPs (matrix metallopeoteinases) play an 
important role in recovery in tissue, angiogenesis, 



Journal of Nutrition and Health (J Nutr Health) 2015; 48(4): 310 – 318 / 318

forming the shape of tissue, and are secreted by 
fibroblasts, keratinocytes,    and macrophages. 
When osteoarthritis occurs, the protease MMPs 
and tissue inhibitor of MMPs (TIMP) are activated 
by antagonism of metalloproteinases system and 
break down proteoglycan. LTB4 influences on 
bone metabolism and increases in rheumatoid 
arthritis, periodontal bone loss such as 
inflammatory diseases, so the control of MMPs 
and LTB4 activities is important in improving 
osteoarthritis. In this study, NEM-treated group 
showed a decrease in significance at all 
concentrations for MMPs and LTB4. COMP 
(Cartilage Oligomeric Matrix Protein), cartilage 
damage indicator, is a protein component that is 
included in the cartilage, and the amount of blood 
COMP is being used to diagnose the conditions of 
cartilage, the degenerative condition, damage 
and progression.  Further, the CTX-  (C-
telopeptide of type II collagen) test which 
measures the wear amount of cartilage through 
the blood and urine, is one of the major 
biomarkers for osteoarthritis evaluation. When 
cartilage is worn by osteoarthritis, a specific 
protein is released and it is found that the higher 
the value of it, the faster OA progresses. In this 
study, NEM group showed a significant reduction 
in the COMP and CTX-  test. Analyzing the above 
results, NEM reduces MMPs and LTB4, 
osteoarthritis inducers, through the reduced 
efficacy of cytokines, nitric oxide and 
inflammatory mediators and it was confirmed to 
be affecting the COMP and CTX- . To determine 
whether the results of the blood tests affect such 
tissue, joints, cartilage, etc., as a result of 
Hematoxylin & Eosin staining.  While the control 
group was induced osteoarthritis causing 
significant deformation of cartilage, synovial 
membrane and the fibers more than the normal 
group, the deformation of fibrous tissue, 
cartilage, synovial membrane in NEM-treated 
group compared to the control group were 

inhibited.  In addition, the result of Safranin-O 
staining showed that the joint tissue of control 
group was modified and the cartilage in the 
synovial was severely damaged because of 
osteoarthritis. In contrast, NEM group showed 
little deformation of join tissue and inhibition of 
damage of cartilage cell. Finally, and using micro-
CT-arthrography, analyzing the amount of the 
knee joint cartilage (cartilage volume) and the 
area of the cartilage, the cartilage volume and the 
area of the cartilage in NEM-treated group 
inceased compared to the control group.  

Conclusion
Taken all these results together, the NEM-

treated group protects the cartilage and joint 
tissue by reducing the osteoarthritis indcers and 
decreased bone destruction. Therefore, if further 
systematic clinical studies and experiments are 
conducted in-depth, it can be utilized as an 
environmentally-friendly and effective health 
functional food ingredient. 
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Purpose: Eggshell membrane (ESM) has been shown to contain naturally occurring bioactive 

components, and biological activities such as reducing proinflammatory cytokines, liver fibrosis, 

and joint pain in osteoarthritis sufferers have also been reported for ESM matrix as a whole. 

Nuclear factor kappa-light-chain-enhancer of activated B-cells (NF- B) is a signaling protein 

found in the cytoplasm of nearly all human and animal cell types and is a primary regulator of 

immune function. The studies reported herein were designed to investigate the possible role 

that NF- B activity might play in the reported biological activities of ESM.

Methods: Three ESM hydrolyzates produced via fermentation, enzymatic, or chemical 

hydrolysis were evaluated in vitro in either human peripheral blood mononuclear cell or THP-1 

(human leukemic monocyte) cell cultures for NF- B activity following 4-hour exposure. The 

hydrolyzates were compared with untreated control cells or cells incubated with lipopolysac-

charide or ascorbic acid. The source of ESM activity was also evaluated.

Results: NF- B levels were increased above levels found in untreated cells at all three dilutions 

(1:100, 1:1,000, and 1:10,000) for the fermentation hydrolyzate of ESM (ESM-FH) (P 0.021, 

P 0.020, P 0.009, respectively) in peripheral blood mononuclear cells. The enzymatic hydrolyz-

ate of ESM (ESM-EH) also produced statistically significant levels of activated NF- B at the 

1:100 and 1:1,000 dilutions (P 0.004, P 0.006, respectively) but fell just shy of significance at 

the 1:10,000 dilution (P 0.073). Similarly, ESM-FH (P 0.021, P 0.002) and ESM-EH (P 0.007, 

P 0.007) activated NF- B in THP-1 cells at 1:1,000 and 1:10,000 dilutions, respectively. The 

chemical hydrolyzate of ESM (ESM-CH) showed statistically significant levels of activation at 

the 1:1,000 dilution (P 0.005) but failed to differ from untreated cells at the 1:10,000 dilution 

(P 0.193) in THP-1 cells.

Conclusion: Results from our studies provide evidence that ESM hydrolyzates significantly 

activate NF- B, and the source of this activity was investigated to confirm that it is inherent 

to ESM and not derived from bacterial contamination. Based on our findings, we propose a 

plausible hypothesis as to how increased NF- B activity might translate into the in vivo efficacy 

that has been observed with ESM via an “oral tolerance” mechanism.

Keywords: eggshell membrane, NF- B, lipopolysaccharide, polymyxin B, lipoprotein lipase, 

hydrolyzate

Introduction
Eggshell membrane (ESM), found between the calcified shell and the albumin in 

chicken eggs, is primarily composed of fibrous proteins such as collagen type I1 that 

form the mesh-like structure of the bilayered material. ESMs have also been shown 

to contain other bioactive components, namely glycosaminoglycans (ie, dermatan 

sulfate,2 chondroitin sulfate,2 and hyaluronic acid3). ESM is known to reduce the 
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expression of various proinflammatory cytokines, including 

interleukin-1-beta (IL-1 ) and tumor necrosis factor-alpha 

(TNF- ) both in vitro4 and in vivo.5 A proprietary form of 

ESM, commercially available as the branded product NEM®, 

has demonstrated safety and efficacy in multiple clinical 

trials in relieving joint pain and stiffness in humans with 

osteoarthritis6–8 and has been investigated for similar uses in 

various species of animals.9,10 ESM is also reported to have 

possible beneficial effects in liver fibrosis in rats through 

regulating gene expression.11

Nuclear factor kappa-light-chain-enhancer of activated 

B-cells (NF- B) is a protein complex found in the cyto-

plasm of nearly all human and animal cell types; the deoxy-

ribonucleic acid (DNA)-binding activities of this family 

of transcription factors were first reported in 1986.12 Once 

activated and translocated to the nucleus, NF- B regulates the 

expression of multiple genes involved in the acute response to 

negative or harmful external cellular stimuli. Active NF- B 

is a heterodimeric protein that activates DNA sequences 

known collectively as B sites (see 13 for a detailed overview). 

There are two well-accepted paths to activation of NF- B: 

the canonical or classical pathway and the noncanonical or 

alternative pathway. In either pathway (canonical or non-

canonical), the inhibitor of B kinase complex is activated 

when signaling molecules bind to cell surface receptors. 

Bacterial or viral antigens,14,15 various cytokines (eg, IL-1 , 

TNF- ),16,17 oxidative stress,18,19 ultraviolet irradiation,20,21 

and free radicals22,23 are just some of the stimuli known to 

trigger activation of one or the other of the NF- B pathways, 

either through direct binding to cell surface receptors or by 

causing other signaling molecules to be formed, which then 

bind to the receptors.

NF- B was initially investigated for its critical role in 

regulating the immune response to infection. However, in 

the decades since its discovery, the dysregulation of NF- B 

has been associated with numerous classical inflamma-

tory diseases such as sepsis, asthma, rheumatoid arthritis, 

and inflammatory bowel disease (see 24–27 for a review). 

Interestingly, a number of diseases that are not obviously 

inflammatory in nature are also associated with NF- B 

dysregulation, including atherosclerosis,28,29 Alzheimer’s 

disease,30,31 multiple sclerosis,32,33 diabetes,34,35 and various 

cancers.36–38

Because of its fundamental importance in immune system 

function and inflammatory diseases, the studies reported 

herein were designed to investigate the possible role that 

NF- B activity might play in the reported biological activi-

ties of ESM.

Materials and methods
Reagents
All chemicals and reagents were used as received unless 

otherwise indicated. High-performance liquid chromatog-

raphy (HPLC) grade water, sodium bicarbonate, sodium 

carbonate monohydrate, sodium hydroxide, and filter paper 

(P4 grade, medium-fine porosity) were obtained from Fisher 

Scientific (Pittsburgh, PA, USA). Purified alkaline protease 

from Bacillus licheniformis was obtained from Bio-Cat, 

Inc. (Troy, VA, USA). ESM (from Gallus gallus) used in 

the preparation of ESM hydrolyzates was obtained from 

ESM Technologies, LLC (Carthage, MO, USA). Phosphate-

buffered saline (PBS, pH 7.4), Roswell Park Memorial 

Institute-1640 culture medium, fetal bovine serum (FBS), 

L-glutamine 200 mM, penicillin–streptomycin 100X solu-

tion, glacial acetic acid, and methanol were obtained from 

Sigma-Aldrich Co (St Louis, MO, USA). TransAM® NF- B 

p65 enzyme-linked immunosorbent assay (ELISA) kits were 

obtained from Active Motif (Carlsbad, CA, USA). Bradford 

method protein assay kits were obtained from Bio-Rad 

Laboratories Inc. (Hercules, CA, USA).

Preparation of ESM hydrolyzates
Fermentation hydrolyzate
ESM powder (2.8 g) was suspended in 50 mL of purified water 

(HPLC grade) in a 100 mL round-bottomed flask, followed by 

the addition of 1.4 g of sucrose and 230 L of a proprietary 

inoculum of bacteria and yeasts. The slurry was allowed to 

ferment at room temperature ( 25 C) for 6 hours with mod-

erate stirring ( 500 rpm). The slurry was vacuum filtered 

to remove unreacted solids. The resulting clear, light brown 

solution contains 5%–7% dissolved solids and was divided 

into 1 mL aliquots, which were stored frozen ( 20 C) until 

later use in the bioassays. This preparation is referred to as 

fermentation hydrolyzate of ESM (ESM-FH).

Enzymatic hydrolyzate
ESM powder (1.0 g) was suspended in a buffer mixture 

(pH 9.3) comprising 15 mL of 0.1 M sodium bicarbonate and 

5 mL of 0.1 M sodium carbonate in a 50 mL round-bottomed 

flask. Alkaline protease powder (20% w/w to ESM) was 

added, and the slurry was allowed to stir ( 500 rpm) at 60 C 

for 5 days. The slurry was vacuum filtered to remove unre-

acted solids. The resulting clear, light brown solution con-

tains 5%–7% dissolved solids and was divided into 1 mL 

aliquots, which were stored frozen ( 20 C) until later use in 

the bioassays. This preparation is referred to as enzymatic 

hydro lyzate of ESM (ESM-EH).
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Chemical hydrolyzate
The hydrolysis was performed according to the method of 

Strohbehn et al.39 Briefly, ESM powder (1.0 g) was suspended 

in a 5% (w/v) sodium hydroxide solution in a 25 mL round-

bottomed flask. The slurry was allowed to stir ( 500 rpm) 

at 50 C for 4 hours. The mixture was allowed to cool and 

was vacuum filtered to remove any eggshell. The pH of the 

filtrate was adjusted to 7 with a 5% (w/v) acetic acid solution 

while keeping the mixture temperature at 4 C. The solu-

tion was desalted using a dialyzing membrane with two to 

three equal volumes of water. The resulting clear, pale yellow 

solution was adjusted to contain 5%–7% dissolved solids and 

was divided into 1 mL aliquots, which were stored frozen 

( 20 C) until later use in the bioassays. This preparation is 

referred to as chemical hydrolyzate of ESM (ESM-CH).

Cell source and culture conditions
Human peripheral blood mononuclear cells (PBMCs) were 

obtained from Astarte Biologics, LLC (Bothell, WA, USA). 

PBMCs were cultured at 3.2 106 cells/well in culture 

medium (RPMI-1640 medium supplemented with 10% 

FBS, L-glutamine [2 mM], penicillin [100 U/mL], and 

streptomycin [100 mg/mL]). The human leukemic monocyte 

cell line THP-1 was obtained from American Type Culture 

 Collection (Manassas, VA, USA) and was cultured at 2.0 105 

cells/well in culture medium (RPMI-1640 medium supple-

mented with 10% FBS, 2-mercaptoethanol [0.05 mM], and 

1% penicillin–streptomycin). Both PBMC and THP-1 cell 

cultures were utilized for the subsequent determination of 

NF- B activity.

Evaluation of the in vitro NF- B  
activity of ESM hydrolyzates
The in vitro NF- B activity of ESM hydrolyzates was initially 

evaluated in human PBMCs utilizing the facilities and services 

of NIS Labs (Klamath Falls, OR, USA). PBMCs were plated 

at a density of 3.2 106 cells/well in culture medium in 12-well 

culture plates (growth area 3.8 cm2/well). The primary cells 

were plated in duplicate in two independent experiments (n 2 

per condition). Aliquots of ESM hydrolyzates (ESM-FH or 

ESM-EH) were allowed to thaw and were diluted 1:1 with PBS 

prior to filtering through a 0.22 micron cellulose acetate disc 

to sterilize them. An additional two tenfold dilutions of the 

ESM hydrolyzates were prepared with culture medium. Each 

dilution (60 L) was added to a culture well (3 mL total vol-

ume), resulting in final ESM hydrolyzate dilutions of 1:100, 

1:1,000, and 1:10,000, and the cells were incubated at 37 C, 

5% CO
2
 for 4 hours. Not knowing whether ESM hydrolyzates 

would be activating or inhibitory, a known activator of NF- B, 

lipopolysaccharide (LPS; 100 ng/mL), was used as a positive 

control, and a known inhibitor of NF- B, vitamin C (ascorbic 

acid; 20 mM),40 was used as a comparator of the inhibitory 

effect on LPS-treated cells. Activity was also compared with 

untreated cells. Cells were pelleted by centrifuging at 150 x g 

(1,200 rpm) for 3 minutes and the supernatant was discarded. 

Cell lysates were prepared from the incubated cultures via 

bead milling. The whole cell lysates were assayed for NF- B 

activity via a commercially available ELISA kit according 

to the manufacturer’s  instructions. Samples were assayed 

in duplicate and were normalized for total protein content 

via the Bradford method according to the manufacturer’s 

instructions.

The determination of the in vitro NF- B activity of 

ESM hydrolyzates in THP-1 cells was performed utilizing 

the facilities and services of the Jordan Valley Innovation 

Center within the Center for Biomedical and Life Sciences 

at  Missouri State University (JVIC-MSU; Springfield, 

MO, USA). THP-1 cells were incubated in suspension for 

3–5 days and were subsequently plated at a cell density of 

2.0 105 cells/well in culture medium in 24-well culture plates 

(growth area 1.9 cm2/well). The cells were plated using a 

volume of 350 L per well in duplicate in three independent 

experiments (n 3 per  condition). Aliquots of ESM hydrolyz-

ates (ESM-FH, ESM-EH, or ESM-CH) were allowed to thaw 

prior to filtering through a 0.2 micron polyethersulfone disc 

to sterilize them. The ESM hydrolyzates were then diluted 

(1:1,000; 1:10,000) with culture medium. Each dilution was 

added to a culture well (3 mL total volume), and the cells 

were incubated at 37 C, 5% CO
2
 for 4 hours. Because ESM 

hydrolyzates were found to be activating in PBMCs, only 

LPS (10 ng/mL) was used as a positive control. Activity was 

again compared with untreated cells. Cells were pelleted by 

centrifuging at 150 x g (1,200 rpm) for 3 minutes and the 

supernatant was discarded. Cell lysates were prepared from 

the incubated cultures by adding 45 L of complete lysis 

buffer (containing dithiothreitol and protease inhibitor). The 

whole cell lysates were assayed for NF- B activity via a com-

mercially available ELISA kit according to the manufacturer’s 

instructions. Samples were assayed in duplicate and were 

normalized for total protein content via the Bradford method 

according to the manufacturer’s instructions.

Evaluation of the ESM source of NF- B activation
An initial evaluation of the source of NF- B activity was 

performed utilizing the facilities of NIS Labs using respec-

tive appropriate controls. PBMCs (prepared as described 
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previously) were exposed to aliquots of ESM hydrolyzate 

or control solutions for 4 hours prior to NF- B activity 

 determination. ESM-FH NF- B activity was compared with 

untreated cells and cells treated with the fermentation broth 

(minus ESM). Similarly, the ESM-EH was compared with 

untreated cells and cells treated with the enzyme digest solu-

tion alone. A further, more discerning, evaluation of the source 

of in vitro NF- B activity of ESM hydrolyzates in THP-1 

cells was performed utilizing the facilities and services of 

JVIC-MSU. THP-1 cells were prepared as described previ-

ously. Aliquots of ESM hydrolyzates (ESM-FH, ESM-EH, 

or ESM-CH) were allowed to thaw prior to filtering through 

a 0.2 micron polyethersulfone disc to sterilize them. The 

ESM hydrolyzates were then diluted (1:1,000; 1:10,000) 

with culture medium. Each dilution was added to a culture 

well as well as separate wells for hydrolyzate  polymyxin B 

(10 mg/mL) and hydrolyzate  lipoprotein lipase (10 mg/mL). 

The cells were incubated at 37 C, 5% CO
2
 for 4 hours. LPS 

(10 ng/mL) was again used as a positive control. Activity was 

compared with untreated cells, cells treated with polymyxin B 

only, cells treated with LPS  polymyxin B, and cells treated 

with lipoprotein lipase only. Cell cultures were processed and 

whole cell lysates were analyzed as described previously.

Statistical analysis
Statistical analyses were done either as a two-tailed, inde-

pendent group Student’s t-test or a Kruskal–Wallis test for 
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Figure 1 NF- B activity of fermentation and enzymatic hydrolyzates of ESM in human PBMCs. Human PBMCs were incubated for 4 hours with either medium (untreated 
control), LPS, vitamin C  LPS, or each dilution of ESM hydrolyzate. Whole cell lysates were then analyzed for NF- B activity after normalizing for protein content. Bars 
represent mean  standard error of the mean; values are presented relative to untreated control.
Notes: *P 0.05 versus untreated control; #P 0.10 versus untreated control.
Abbreviations: NF- B, nuclear factor kappa-light-chain-enhancer of activated B-cells; ESM, egg shell membrane; PBMCs, peripheral blood mononuclear cells; 
LPS, lipopolysaccharide; ESM-FH, ESM fermentation hydrolyzate; ESM-EH, ESM enzymatic hydrolyzate.

multiple comparisons. Statistical significance was accepted 

at a P-value of P 0.05. SYSTAT software (version 13) was 

used for all statistical analyses.41

Results
Evaluation of the in vitro NF- B  
activity of ESM hydrolyzates
There were statistically significant levels of NF- B acti-

vation versus untreated cells at all three dilutions (1:100, 

1:1,000, and 1:10,000) for the ESM-FH (P 0.021, P 0.020, 

P 0.009, respectively) in PBMCs. The ESM-EH also 

showed statistically significant levels of activation at the 

1:100 and 1:1,000 dilutions (P 0.004, P 0.006, respec-

tively) but fell just shy of significance at the 1:10,000 

dilution (P 0.073). Both the fermentation and enzymatic 

hydrolyzates of ESM at the 1:100 and 1:1,000 dilutions 

activated NF- B in human PBMCs comparably with LPS 

at 100 ng/mL (Figure 1).

Similarly, there were statistically significant levels of 

NF- B activation versus untreated cells at both dilutions 

(1:1,000 and 1:10,000) for the fermentation and enzymatic 

hydrolyzates of ESM (ESM-FH: P 0.021, P 0.002; ESM-

EH: P 0.007, P 0.007, respectively) in THP-1 cells. The 

ESM-CH also caused statistically significant levels of acti-

vation at the 1:1,000 dilution (P 0.005) but failed to differ 

from untreated cells at the 1:10,000 dilution (P 0.193). Both 

the fermentation and enzymatic hydrolyzates of ESM at the 
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1:1,000 dilution activated NF- B in human THP-1 cells 

comparably with LPS at 10 ng/mL (Figure 2).

Evaluation of the ESM source  
of NF- B activation
No increased NF- B activity was observed in the cells 

treated with fermentation broth alone; however, ESM-FH 

activity was similar to what was observed previously 

(data not shown). Similarly, no increased NF- B activity 

was observed with enzyme digest alone; however, ESM-

EH activity was similar to what was observed previously 

(data not shown). Polymyxin B (10 mg/mL) adequately 

inhibited activation by LPS at 10 ng/mL (Figure 3) but 

showed a small degree of NF- B activation itself (although 

not statistically significant). Lipoprotein lipase had no sig-

nificant impact on NF- B activity when used alone. These 

effects were confirmed in the separate bioassays of all 

three hydrolyzates (data not shown). There was no statisti-

cally significant difference between the ESM hydrolyzate 

alone samples and the ESM hydrolyzate  polymyxin B 

samples for any of the hydrolyzates tested (1:10,000 dilu-

tion) (ESM-FH, P 0.262; ESM-EH, P 0.727; ESM-CH, 

P 0.240). Similarly, there was no statistically significant 

difference between the ESM hydrolyzate alone samples 

and the ESM hydrolyzate  lipoprotein lipase samples 

for any of the hydrolyzates tested (1:10,000 dilution) 

(ESM-FH, P 0.539; ESM-EH, P 0.855; ESM-CH, 

P 0.281). Data for ESM-FH are presented in Figure 4. 

Similar results were observed for ESM-EH and ESM-CH 

(data not shown).

Discussion
NF- B is of fundamental importance to the functioning 

of innate immunity. Its dysregulation is implicated in the 

 pathology of a considerable variety of human diseases. The 
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goal of our studies was to investigate the potential role NF- B 

might play in the beneficial biological activities reported 

previously for ESM. ESM hydrolyzates were chosen for 

our studies because of 1) the simplicity of their addition to 

cell cultures, 2) the variety of preparation methods avail-

able (eg, fermentation, enzymatic, or chemical), and 3) the 

potential to generate bioactive substances possessing differ-

ing activity profiles. Human PBMCs obtained from healthy 

volunteers were initially chosen for these studies owing to 

the wide variety of mononuclear cells present in this source 

(eg, T-lymphocytes, B-lymphocytes, natural killer cells, 

monocytes, and dendritic cells).42,43 Readily available THP-1 

monocytes were subsequently used because of their antigen 

presenting characteristics that are similar to those of dendritic 

cells found in the gut, which are not readily available.

At the outset, it was unknown whether ESM hydrolyzates 

would stimulate or inhibit active levels of NF- B. Previous 

work4 in which an extract of ESM was shown to reduce 

the expression of proinflammatory cytokines in mitogen-

challenged human PBMCs provided preliminary data that 

the hydrolyzates’ effect on NF- B would be  inhibitory. The 

data reported here show that ESM hydrolyzates significantly 

activate NF- B in unstimulated cells. The ESM-FH and the 

ESM-EH showed quite similar activities in both PBMCs and 

THP-1 cell cultures. The ESM-CH, however, was about ten-

fold less active than the other hydrolyzates in THP-1 mono-

cytes. As seen in Figure 2, the 1:1,000 dilution of ESM-CH 

had approximately the same activity as the 1:10,000 dilutions 

of ESM-FH and ESM-EH. This result is logically consistent 

with the differing specificities of the hydrolysis conditions. 

That is, both microorganisms and purified enzymes will be 

fairly specific in their sites of hydrolysis within the ESM 

protein structure, whereas chemical hydrolysis is quite 

indiscriminate. It is likely that the NF- B-activating soluble 

peptides that are formed initially during hydrolysis are being 

further degraded by the harsh chemical conditions, resulting 

in lower activity in cell culture.

Because ESM hydrolyzates induced increased levels of 

NF- B, we felt it necessary to broadly explore the possible 

sources of this activity. Our immediate concern was to deter-

mine whether the activity was inherent in ESM or if it was due 

to materials used to produce the hydrolyzates (ie, fermentation 

inoculum or enzyme) or to some other type of contaminant. 

As neither the fermentation inoculum nor the enzyme pro-

duced elevated NF- B activity, it was necessary to consider 

 alternative sources for the observed activity.  Degradation 

products of extracellular matrix components, such as 

fibronectin, collagen, proteoglycans, and hyaluronan, are 

believed to play a significant role in the pathogenesis of both 

osteo- and rheumatoid arthritis, likely through autoimmune 

mechanisms,44–46 and at least some of these components do so 

via activation of NF- B.47,48 Hyaluronan,3 proteoglycans,2 and 

collagens1 all naturally occur in ESM and may be responsible 

for at least part of the activity reported here. However, they 

occur at relatively low levels, up to 2% each hyaluronan and 

proteoglycans and up to 5% collagen. Therefore, we speculate 

that other sources may provide a more likely explanation for 

the observed stimulatory activity.

Bacterial cellular components and DNA have been found 

in the joints of patients suffering from a variety of arthritides,49 

and the innate immune response to these contaminants is 

believed to play a possible role in the pathogenesis of these 

diseases.50,51 Additionally, Pugh et al52 found that the majority 

of in vitro macrophage activation exhibited by extracts of a 

number of common “immune enhancing” botanicals (Echi-

nacea, ginseng, and alfalfa) was not inherent in the botanical 

compounds themselves but was due to contamination with 

bacterial cellular components such as bacterial lipoproteins 

and LPS. Being a natural product, it was logical that ESM 

would be contaminated with various microbial species. 

Although the ESM was heat treated to substantially reduce the 

living bioburden prior to hydrolysis, the cellular components 

from the formerly living microorganisms would remain.

Intact microorganisms should have been removed during 

filtration of the hydrolyzates through 0.2 micron filter mem-

branes prior to the initial assays; however, cellular fragments 

from these microorganisms could not be ruled out as the source 

of activation. Therefore, we investigated the possible contribu-

tion of LPS and/or bacterial lipoprotein to the observed activa-

tion of NF- B by ESM hydrolyzates. LPS activity is abrogated 

by the long-known antibiotic polymyxin B,53 and the enzyme 

lipoprotein lipase deactivates bacterial lipoprotein through 

cleavage of the lipid–protein bond.52 All three hydrolyzates 

(ESM-FH, ESM-EH, and ESM-CH) were evaluated alone 

and in combination with either polymyxin B or lipoprotein 

lipase. If a significant proportion of the NF- B activity of the 

hydrolyzates was derived from either of these bacterial cellular 

components, the polymyxin B-treated and lipoprotein lipase-

treated cells would have exhibited substantially decreased 

activity compared with the hydrolyzates alone. However, no 

differences were observed between the ESM hydrolyzates 

alone and either the ESM hydrolyzates  polymyxin B or 

ESM hydrolyzates  lipoprotein lipase. With no evidence that 

the NF- B activation by ESM hydrolyzates is derived from 

bacterial cellular components, it would seem that this activity 

is attributable to the inherent bioactive components present 
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in ESM. Further work will be needed to elucidate whether 

this activity draws from known stimulatory components of 

ESM (hyaluronan, proteoglycans, collagens) or from an as 

yet unidentified peptide or peptides produced from the various 

hydrolysis conditions.

Since the vast majority of NF- B dysregulation encoun-

tered in disease pathology is that of elevated or inappropriately 

activated NF- B,24–27 it would seem counterintuitive that ESM 

hydrolyzates activating NF- B would contribute to ESM’s 

observed in vivo efficacy. Here we raise the possibility that this 

efficacy is achieved through an “oral tolerance”  mechanism. 

Oral tolerance refers to the phenomenon of a reduced periph-

eral immune response (tolerance) that results from the repeated 

exposure of the mucosal immune system in the gut to ingested 

protein 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. 

This tolerogenic behavior is thought to occur through the pre-

sentation of these peptides by antigen-presenting cells in the 

gut-associated lymphoid tissue to circulating T-cells, causing 

them to transform into regulatory T-cells (T
reg

 cells), which 

results in anergy and even active suppression by these cells 

when they return to circulation.54,55 Oral tolerance has been 

shown to be effective in a variety of autoimmune diseases, 

including arthritis, diabetes, colitis, and multiple sclerosis 

(see 56 and 57 for a review). There has been particular attention 

paid to autoimmune arthritides in this area of research in which 

cartilage autoantigens (particularly type II collagen) produce 

antigen-specific suppression of the immune response. In 

addition, “bystander suppression”, wherein T
reg

 cells produce 

a higher proportion of general anti-inflammatory cytokines 

(eg, IL-4, IL-10, and transforming growth factor-beta) sup-

pressing the local autoimmune reaction independently of the 

antigen type, is also an active area of arthritis research.58,59 

Further work will be needed to investigate whether ESM might 

function via 1) antigen-specific immune suppression from its 

extracellular matrix content (ie, collagen, proteoglycans, and 

hyaluronan), 2) bystander suppression, 3) some unrelated 

mechanism, or 4) some combination of these.

Conclusion
A great deal of research has been conducted relating to 

NF- B since its discovery, particularly in the last couple of 

decades, and with so many people suffering from diseases 

involving its dysregulation, this trend is sure to increase. 

We presented here results that ESM hydrolyzates produced 

via three different hydrolysis conditions (ie, fermentation, 

enzymatic, and  chemical) activate NF- B in both human 

primary cells and a human leukemic cell line. The source of 

this activity was also investigated to confirm that it is inher-

ent to ESM and not derived from hydrolysis conditions or 

from bacterial contamination. We also proposed a plausible 

hypothesis, via an oral tolerance mechanism, as to how this 

NF- B activity might translate into the in vivo efficacy that 

has been previously observed with ESM. Further work is 

needed to confirm this proposed mechanism of action and 

to possibly identify the component(s) of ESM that is/are the 

source of the reported activity.
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Introduction
Estimates of the prevalence of osteoarthritis (OA) in European 

populations vary widely, however a recent study [1] from a region in 
Spain places the prevalence of knee OA at 12.2% and that of hip OA at 
7.4%. The pain associated with these maladies can be quite debilitating 
and few treatment options exist outside of easing symptoms. This 
usually involves the use of analgesics (i.e. acetaminophen, oxycodone, 
propoxyphene) or non-steroidal anti-inflammatory drugs (NSAIDs) 
(i.e. ibuprofen, diclofenac, celecoxib), alone or in combination. Most 
of these treatments have shown limited effectiveness in randomized 
controlled clinical trials (RCTs) [2-5] or are known to have significant 
and sometimes severe side effects. NEM® brand eggshell membrane has 
previously demonstrated good efficacy in relieving pain and stiffness 
associated with OA of the knee in an RCT [6] and has shown similar 
efficacy in limited trials for other affected joints [7]. 

Eggshell membrane is primarily composed of fibrous proteins 
such as Collagen Type I [8]. However, eggshell membranes have 
also been shown to contain other bioactive components, namely 
glycosaminoglycans (i.e. dermatan sulfate, chondroitin sulfate and 
hyaluronic acid and keratan sulfate) [9-11]. A number of these 
constituents have been shown previously to be beneficial in the 
treatment of OA [12,13]. Eggshell membrane itself has been shown 
both in vitro [14] and in vivo [15] to reduce various pro-inflammatory 

cytokines, including interleukin-1 beta (IL-1 ) and tumor necrosis 
factor alpha (TNF- ), two primary mediators of inflammation. A U.S. 
company, ESM Technologies, LLC (Carthage, MO USA), has developed 
methods to efficiently and effectively separate eggshell membrane from 
eggshells on a commercial metric-ton scale. The isolated membrane is 
then partially hydrolyzed using a proprietary process and dry-blended 
to produce NEM® brand eggshell membrane. Compositional analysis 
of NEM® conducted by the manufacturer has identified a high content 
of protein and moderate quantities of glucosamine (up to 1% by dry 
weight), chondroitin sulfate (up to 1%), hyaluronic acid (up to 2%), 
and collagen (Type I, up to 5%). 

The multi-center trial reported herein was designed to evaluate 
the acceptability of this natural arthritis treatment with European 
orthopedic surgeons and patients. Success of this trial would also 
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Abstract
Objective: NEM® brand eggshell membrane is a novel dietary supplement ingredient that contains naturally 

occurring glycosaminoglycans and proteins essential for maintaining healthy joints. A six center, open label clinical 
®

with osteoarthritis of the knee and/or hip in a European population.

Methods: Forty-four subjects received oral NEM® 500 mg once daily for eight weeks. The primary outcome 
measure was to evaluate the mean effectiveness of NEM® in relieving general pain associated with moderate 
osteoarthritis of the knee and/or hip at 10,30 and 60 days utilizing a 10-question abbreviated questionnaire based on 
the WOMAC osteoarthritis questionnaire. 

Results: Supplementation with NEM®

® as good or very good following 60 days of 

study and the treatment was reported to be well tolerated. 

Conclusions: Supplementation with NEM®

(60 days) demonstrating that it is a safe and effective therapeutic option for the treatment of pain associated with 
osteoarthritis of the knee and/or hip. Results from previous clinical studies on NEM® can likely be extended to the 
broader European population.
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validate the extension of the body of clinical evidence for NEM® from 
the United States to a European population. Therefore, a 2-month 
open-label study was conducted at six different clinical sites throughout 
Germany to evaluate the efficacy and tolerability of NEM® for the relief 
of the pain and discomfort associated with osteoarthritis of the knee 
and/or hip. 

Materials and Methods
Study design

The study was conducted according to a prospective, multi-center, 
open label design and was conducted in Germany in accordance with 
the International Conference on Harmonization guideline for the 
principles of Good Clinical Practice (ICH E6) and the Declaration of 
Helsinki to ensure protection of human subjects. Patients provided 
their written informed consent to participate. Neither the clinical 
investigators nor the patients were blinded to treatment (open label 
design). Treatment consisted once daily orally of Atrosia® (Weber and 
Weber, GmbH and Co. KG, Germany) providing 500 mg of NEM® in 
vegetarian capsules that were stored in closed containers at ambient 
temperature. Clinic visits were scheduled for subjects at study initiation 
and at 60 days following the onset of treatment. Treatment compliance 
was checked at clinic visits by patient interview and by counting the 
number of unused doses of the study medications. Analgesics (i.e. 
acetaminophen) were allowed for rescue pain relief. However, subjects 
recorded the time and amount of analgesic taken in patient diaries so 
that overall analgesic use could be evaluated as part of the study. 

Patients
All subjects 18 years of age or older who were seeking relief of 

mild to moderate pain due to osteoarthritis of the knee and/or hip 
were considered for enrollment in the study. In order to be eligible, 
subjects must have had moderate persistent pain in the knee and/or 
hip associated with osteoarthritis and must have had baseline scores 
within the range of 4-7 on the first three questions dealing with joint 
pain. Subjects that were currently taking analgesic medications or 
NSAIDs every day, currently taking glucosamine, chondroitin sulfate, 
MSM, or collagen were ineligible to participate in the study. Patients 
were excluded if they were currently receiving remission-inducing 
drugs such as methotrexate or immunosuppressive medications or 
had received them within the past 3 months. Other exclusionary 
criteria were: a known allergy to eggs or egg products, or pregnant 
or breastfeeding women. Subjects participating in any other 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 trials.

Treatment response 
The primary outcome measure of this study was to evaluate the 

mean effectiveness of NEM® in relieving general pain associated 
with moderate osteoarthritis of the knee and/or hip (Questions 1-9). 
Additional outcome measures were to evaluate general stiffness 
(Question 10) and analgesic use during the study. The primary 
treatment response endpoints were the 10-, 30-, and 60-day patient 
assessments utilizing a 10-question ‘Short Form’ questionnaire derived 
from the Western Ontario and McMasters Universities Osteoarthritis 
Index questionnaire (WOMAC), which has some precedence [16,17]. 
Each question included a zero to 10 analog Likert-scale, with zero 
equating to no pain (or no stiffness) and 10 equating to most severe 
pain (or most severe stiffness). Patients were asked to mark a number 
corresponding to the perceived pain (or stiffness) from the affected 

treatment joint(s). Endpoints were then compared to pretreatment 
assessments. At the conclusion of the study, subjects were asked 
to provide a Patient’s Global Assessment of treatment efficacy (4 
categories-very good/good/moderate/poor) and tolerability (same 
4 categories). Clinical investigators were also asked to provide a 
Physician’s Global Assessment of treatment efficacy (5 categories-
symptom-free/significant improvement/moderate improvement/
unchanged/impaired).

Adverse events
A secondary objective of this study was to evaluate tolerability and 

any adverse reactions associated with supplementation with NEM®. 
The subject’s self-assessment diaries were reviewed and any discomfort 
or other adverse events were recorded and reported in accordance 
with applicable ICH Guidelines. Adverse events and serious adverse 
events were assessed by the clinical investigator at each study visit and 
followed until resolution, as necessary. Serious adverse events were 
required to be reported to the clinical monitor immediately.

Statistical analysis
As this was an open-label study, a simple single group sample size 

estimate [18] was performed for statistical power determination for a 
continuous variable. In previous trials with NEM® [6,7], the standard 
deviation for the study subjects for pain (within the inclusion range 
of this study) averaged 34.6%. We hoped to be able to detect a 1.5 
point difference from baseline within the 10-point Likert scale. Thus 
a minimum of 43 subjects would need to be enrolled to have a 95% 
likelihood of detecting the expected improvement with a statistical 
power of 80%. Comparisons of demographic data from the six clinical 
sites were made with a Kruskal-Wallis test for multiple independent 
samples at baseline. Statistical significance was accepted at p<0.05. 
Post-baseline statistical analyses were done as repeated measures 
Analysis of Variance (rm-ANOVA) with a Greenhouse-Geisser 
correction. Items found to have statistical significance with rm-
ANOVA were then compared using a Wilcoxon test for dependent 
samples. Statistical significance was accepted at p<0.05. Analysis of the 
primary outcome measure (the change from baseline in general pain 
levels) was conducted in the per protocol population. SPSS Statistics 
V19.0 was used for all statistical analyses [19].

Results
Patient recruitment began in March 2012 at six clinical sites in 

Germany and the final follow-up was conducted in July 2012. A total 
of forty-four subjects between the ages of 32 and 95 were enrolled with 

Age, yrs 67.1 ± 14.0

Sex
17 (39)
27 (61)

Height, cm 170.2 ± 9.5
Weight, kg 74.2 ± 13.1

Body-mass Index 25.5 ± 4.1
Affected Joint
Knee (l,r,bilateral) 39 (28,27,16)
Hip (l,r,bilateral) 14 (11,10,7)

Ankle (l,r,bilateral) 3 (2,2,1)

*Except where indicated otherwise, values are reported as mean ± standard 
deviation (SD) (n=44).  BMI was determined as weight in kilograms divided by 
height in meters squared.

Table 1: Patient Demographics*.
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osteoarthritis of the knee and/or hip. Of these subjects, twenty-seven 
(61%) were female and seventeen (39%) were male. The treated joints 
consisted of knee (39), hip (14), ankle (3), both either knee and hip (10), 
or both knee and ankle (2). Of the thirty-nine subjects with knee OA, 
sixteen (40.0%) had bilateral incidence. Of the fourteen subjects with 
hip OA, seven (50.0%) had bilateral incidence. Patient demographics 
are reported in Table 1. All forty-four subjects completed baseline 
evaluations. Thirty-seven (84%) of the forty-four subjects completed 
the two month study per the protocol. Compliance with the study 
treatment regimen was good. 

Patient data was initially evaluated between sites to exclude site bias 
(not shown). As there were no abnormalities in these evaluations, the 
data were pooled for all subsequent analyses. A clinical comparison of 
valid subjects was carried out to obtain a mean baseline score for each 
of the ten questions from the patient questionnaire (Table 2). Statistical 
analysis of the primary outcome measure revealed that supplementation 
with NEM® produced a significant treatment response from baseline at 
10 days (Q1-6 and Q9) (8.6% to 18.1% improvement) and at 30 and 

60 days for all nine pain-related questions evaluated (22.4% to 35.6% 
improvement) (Table 3). Treatment response fell just shy of statistical 
significance at 10 days for Questions 7 and 8 (p=0.056 and p=0.064, 
respectively). Supplementation with NEM® produced a significant 
treatment response from baseline at 30 and 60 days for stiffness (Q10) 
(27.4% to 29.3% improvement). Greater than 59% of patients rated 
the efficacy of NEM® as good or very good (Table 4) following 60 
days of supplementation. Physicians also rated the treatment effective 
in subjects, with greater than 75% having moderate or significant 
improvement from baseline after 60 days (Table 5). For the 30 days 
prior to study commencement, patients consumed on average 7.0 ± 
6.0 doses of acetaminophen. Analgesic use had dropped considerably 
to 2.43 ± 2.69 doses (per 30 days) at 30 days of supplementation with 
NEM®. Analgesic use rebounded slightly to 3.59 ± 3.86 doses (per 30 
days) by the end of the study at day 60. There were two adverse events 
reported during the study. One was a scratchy throat and was believed 
to be related to antibiotic use. The other was stomach discomfort which 
was believed to be related to the study material. There were no serious 

: Pain when walking on level ground? 4.8 ± 1.0
: Pain when going up or down stairs? 5.7 ± 1.0

: Pain when at rest (i.e. sitting, lying down, etc.)? 5.3 ± 1.0

: Pain when sitting with legs bent for an extended period of time (i.e. in a car, at a theater, etc.)? 3.4 ± 1.8
: Pain when getting up from a seated position? 5.3 ± 1.3

: Pain when getting in and out of a car, a bathtub, etc.? 5.3 ± 1.1
: Pain when bending, stooping, or kneeling? 5.7 ± 1.3
: Pain when putting on socks or pantyhose? 4.4 ± 1.9

: Pain with light household chores (i.e. laundry, dusting, vacuuming, etc.)? 4.6 ± 1.7

: 4.2 ± 1.8

*Values are reported as mean ± standard deviation (SD) (n=37)
Table 2: Pooled baseline clinical characteristics for the 10-question patient questionnaire.

Days
Post-treatment

Mean ± SD Percent 
Improvement

P-value† Days
Post-treatment

Mean ± SD Percent 
Improvement

P-value†

Baseline (n=37) 4.8 ± 1.0 - - Baseline (n=37) 5.3 ± 1.1 - -
10 (n=37) 3.9 ± 1.7 0.001* 10 (n=37) 4.4 ± 1.3 0.001*
30 (n=37) 3.3 ± 1.5 <0.001* 30 (n=37) 3.7 ± 1.3 <0.001*
60 (n=37) 3.3 ± 1.8 <0.001* 60 (n=37) 3.5 ± 1.6 <0.001*

Baseline (n=37) 5.7 ± 1.0 - - Baseline (n=37) 5.7 ± 1.3 - -
10 (n=37) 4.7 ± 1.7 0.001* 10 (n=37) 5.2 ± 1.7 0.056
30 (n=37) 4.1 ± 1.6 <0.001* 30 (n=37) 4.4 ± 1.6 <0.001*
60 (n=37) 3.8 ± 1.8 <0.001* 60 (n=37) 4.1 ± 1.7 <0.001*

Baseline (n=37) 5.3 ± 1.0 - - Baseline (n=37) 4.4 ± 1.9 - -
10 (n=37) 4.5 ± 1.5 0.001* 10 (n=37) 4.0 ± 1.7 0.064
30 (n=37) 3.8 ± 1.4 <0.001* 30 (n=37) 3.2 ± 1.7 <0.001*
60 (n=37) 3.6 ± 1.5 <0.001* 60 (n=37) 2.9 ± 1.7 <0.001*

Baseline (n=37) 3.4 ± 1.8 - - Baseline (n=37) 4.6 ± 1.7 - -
10 (n=37) 2.9 ± 1.9 0.042* 10 (n=37) 4.1 ± 1.4 0.041*
30 (n=37) 2.3 ± 1.4 <0.001* 30 (n=37) 3.6 ± 1.4 0.002*
60 (n=37) 2.2 ± 2.0 <0.001* 60 (n=37) 3.0 ± 1.7 <0.001*

Baseline (n=37) 5.3 ± 1.3 - - Baseline (n=37) 4.2 ± 1.8 - -
10 (n=37) 4.7 ± 1.6 0.012* 10 (n=37) 3.8 ± 1.9 0.075
30 (n=37) 4.0 ± 1.3 <0.001* 30 (n=37) 3.0 ± 1.8 <0.001*
60 (n=37) 3.6 ± 2.0 <0.001* 60 (n=37) 2.9 ± 1.7 <0.001*

†P
versus baseline. *P<0.05. 

Table 3: Mean values by question in an NEM-supplemented treatment group at baseline and 10, 30 and 60 days post-treatment.
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adverse events reported during the study. The treatment was reported 
to be well tolerated by study participants with greater than 86% of 
patients rating NEM® tolerability as good or very good

Discussion
Joint and connective tissue disorders are quite common in 

Westernized countries [1,20] and result in significant costs, both 
financial [21] and quality-of-life [22], for those that suffer from the 
debilitating diseases. This open-label clinical trial was designed to 
evaluate the acceptability of this natural arthritis treatment with 
European orthopedic surgeons and patients and to validate the 

extension of the body of clinical evidence for NEM® from the United 
States to a European population through the evaluation of the 
efficacy, safety, and tolerability of NEM® brand eggshell membrane as 
a treatment option for osteoarthritis of the knee and/or hip. Results 
of the study indeed suggest that NEM® is both effective and safe for 
treating pain associated with osteoarthritis of the knee and/or hip in a 
European population. 

Patients experienced relatively rapid (10 days) responses for pain-
related questions with a mean response of approximately 14%. By the 
end of the follow-up period (60 days) the mean response for pain-
related questions had more than doubled to approximately 33%. A brief 
responder analysis of the data provides a number of clinically relevant 
highlights. On average, nearly 1/4th of the subjects experienced a 30% 
improvement in pain-related questions within 10 days (Figure 1). And 
almost 20% of the study population experienced a 50% improvement 
in pain-related questions by the end of the study (60 days) (not shown). 
These results align well with results from previous clinical studies of 
NEM® that were conducted in the U.S. [6,7].

The safety profile for NEM® is also of significance as this is 
the fifth clinical trial to date in which there have been no reports of 
serious adverse events associated with treatment. No side effects from 
consuming NEM® have thus far been identified, excluding the obvious 
egg allergy concern. This is of obvious importance in a condition such 
as osteoarthritis that requires long-term treatment. 

The trial had a limited initial enrollment (44 subjects), however 
there was a relatively low drop-out rate (16%) and good treatment 
compliance. As the trial was also open label, there is the obvious issue 
of the placebo effect. The inclusion of a placebo control would have 
provided greater clinical meaning, however it would have required a 
significantly larger study population. 

Conclusions
With so many people suffering from osteoarthritis of the knee 

and hip in Western populations, it is important for patients to have 
treatment options that are both safe and effective. The reporting 
of the results from this six center, open label German clinical study 
demonstrates that NEM® brand eggshell membrane may be a viable 
treatment option for the management of osteoarthritis of the knee 
and/or hip in the broader European population. In this clinical study, 
NEM®, 500 mg taken once daily, significantly reduced pain, both 
rapidly (10 days) and continuously (60 days). It also showed clinically 
meaningful results from a brief responder analysis, demonstrating that 
a significant proportion of treated patients will benefit from NEM® 
supplementation.
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ABSTRACT
NEM® brand eggshell membrane is a novel die-
tary supplement that has been clinically shown 
to alleviate arthritis joint pain and stiffness; 
however the mechanism of action is not well 
understood. Preliminary evidence from an in 
vitro study of NEM® indicated that the mechan-
ism of action may be based on the reduction of 
pro-inflammatory cytokines. In vivo studies were 
therefore initiated to evaluate the effects of 
NEM® on pro-inflammatory and anti-inflamma-
tory cytokines following oral administration in 
rats. NEM® was administered daily at doses of 
6.13 mg/kg bw/day (Study 1), 10.0 mg/kg bw/day 
(Study 2), or at doses of 0 (control), 26.0 or 52.0 
mg/kg bw/day (Study 3) by oral gavage for 7 
consecutive days. Inflammation was induced in 
the Study 3 rats by intraperitoneal injection of 
lipopolysaccharide. Changes in plasma cytokine 
levels from baseline following 7 days of oral 
supplementation with NEM® at 6.13 mg/kg bw/
day (Study 1) were statistically significant at Day 
8 for IL-2, TIMP-1 and VEGF, at Day 21 for IL-10, 
and at Day 35 for MCP-1, MCP-3 and TIMP-1, and 
at 10.0 mg/kg bw/day (Study 2) were statistically 
significant at Day 8 for VEGF, at Day 21 for 
MIP-1 , MIP-2 and VEGF, and at Day 35 for 
MCP-3, MIP-1 , MIP-2 and VEGF. Changes in 
serum cytokine levels versus control at 26.0 
mg/kg bw/day (Study 3) were statistically sig-
nificant at all time-points for IL-1 and at 1.5 
hours for IL-10, and at 52.0 mg/kg bw/day (Study 
3) were statistically significant at 1.5 hours for 
IFN- , IL-1 and IL-10, and at 3 hours for IL-1 ,

and at 24 hours for IL-10. Taken together, these 
studies demonstrate that oral supplementation 
with NEM® can influence both early-phase pro-
inflammatory cytokines like IL-1 and TNF-
(Study 3), as well as later-phase cytokines like 
MCP-1, MIP-1 & , RANTES and VEGF (Study 1 
& 2). These studies provide a possible basis for 
the mechanism of action of NEM® in vivo.

KEYWORDS
Pro-Inflammatory Cytokines; Eggshell 
Membrane

1. INTRODUCTION
Many human diseases are characterized by chronic in-

flammation which ultimately leads to tissue destruction.
Inflammatory arthritides like rheumatoid arthritis (RA) 
and osteoarthritis (OA) are classic examples of such dis-
eases and the roles that inflammatory chemokines and 
cytokines play in the pathogenesis of these diseases are 
fairly well accepted [1-6]. Corticosteroids, non-steroidal 
anti-inflammatory drugs (NSAIDs) (e.g. ibuprofen, dic-
lofenac, celecoxib), and inflammatory cytokine-specific 
biologics (e.g. etanercept, infliximab, adalimumab) are 
commonly prescribed to address the underlying inflam-
mation of these debilitating conditions. While some of 
these treatments have demonstrated good efficacy in 
randomized controlled clinical trials (RCTs), they are 
also known to have significant and sometimes severe 
side effects [7-10]. NEM® brand eggshell membrane has 
previously demonstrated good efficacy in relieving pain 
and stiffness associated with OA of the knee in an RCT 
[11] and has shown similar efficacy in limited trials for 
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other affected joints [12,13] with no reports of any sig-
nificant side effects during these trials.

Eggshell membrane is primarily composed of fibrous 
proteins such as Collagen Type I [14]. However, egg-
shell membranes have also been shown to contain other 
bioactive components, namely glycosaminoglycans (e.g. 
dermatan sulfate [15], chondroitin sulfate [15], hyalu-
ronic acid [16], etc.). ESM Technologies, LLC (Carthage, 
MO USA) has developed methods to efficiently and ef-
fectively separate eggshell membrane from eggshells on 
a commercial metric-ton scale. The isolated membrane is 
then partially hydrolyzed using a proprietary process and 
dry-blended to produce NEM® brand eggshell membrane.
Compositional analysis of NEM® conducted by ESM has 
identified a high content of protein and moderate quanti-
ties of glucosamine (up to 1% by dry weight), chondroi-
tin sulfate (up to 1%), hyaluronic acid (up to 2%), and 
collagen (Type I, up to 5%).

Although NEM® has been clinically shown to alleviate 
joint pain and stiffness from arthritis, the mechanism of 
action of this eggshell membrane preparation is not well 
understood. Preliminary evidence from an in vitro study 
of NEM® indicated that the basis for the mechanism of 
action may be via the reduction of pro-inflammatory 
cytokines [17]. In vivo studies were therefore initiated to 
evaluate the effects of NEM® on pro-inflammatory and 
anti-inflammatory cytokines following oral administra-
tion in rats. The results of these preliminary studies are 
reported herein.

2. MATERIALS AND METHODS
2.1. Animals, Care and Diet

Studies were conducted utilizing the facilities and staff 
of Charles River Laboratories (Spencerville, OH) (Study 
1 & 2) and Ricerca Biosciences (Taipei, Taiwan) (Study 
3). Animals were housed and cared for in general accor-
dance with the “Guide for the Care and Use of Labora-
tory Animals” (National Academies Press, Washington, 
D.C. USA, 1996). Male Sprague Dawley rats were ob-
tained from Harlan Sprague Dawley, Inc., Indianapolis, 
IN USA (Study 1 & 2) and BioLASCO Taiwan Co., Ltd. 
(a Charles River licensee), Taipei, Taiwan (Study 3) at 
approximately 7 - 10 weeks of age. Upon receipt, tags 
with unique identification numbers were used to indivi-
dually identify the animals. Cage cards displaying the 
study number, animal number, and sex were affixed to 
each cage. The rats were acclimatized for 5 days prior to 
study commencement and were observed daily for overt 
physical or behavioral abnormalities, general health/ mo-
ribundity, and mortality. Healthy rats weighing 300 ± 20 
g were randomized into groups of three and were housed 
in cages under standard experimental conditions (22 ±
3 ; 30% - 70% humidity; 12-hour light/dark cycle; 

minimum 10 room air changes per hour) and had access 
to standard rat chow [PMI Certified Rodent Chow #5002 
(PMI Nutrition International, St. Louis, MO USA) 
(Study 1 & 2) or Laboratory Rodent Diet MF-18 (Orien-
tal Yeast Co., Ltd., Tokyo, Japan)(Study 3)] and water 
ad libitum.

2.2. Test Article Preparation and Dosing
The test article was prepared by suspending NEM®

powder (ESM Technologies, LLC, Carthage, MO USA) 
in 0.5% methylcellulose (Sigma-Aldrich, St. Louis, MO
USA) in distilled water at a concentration of 0.613 
mg/mL (Study 1), 1.0 mg/mL (Study 2), or 2.6 mg/mL 
and 5.2 mg/mL (Study 3), corresponding to a dose vo-
lume of 10 mL/kg. The test article was stored at ap-
proximately 4 with constant stirring between daily 
uses. The NEM® suspension was administered daily to 
groups of 3 rats (Study 1 & 2) or groups of 8 rats (Study 
3) at doses of 6.13 mg/kg bw/day (Study 1), 10.0 mg/kg 
bw/day (Study 2), or at doses of 0 (control, vehicle only), 
26.0 mg/kg bw/day, or 52.0 mg/kg bw/day (Study 3) by 
oral gavage for 7 consecutive days. The rats were ob-
served twice daily following administration of the test 
article for mortality and clinical abnormalities during the 
study period.

2.3. Induction of Inflammation (Study 3)
Inflammation was induced in the Study 3 rats by 

intraperitoneal (i.p.) injection (2.5 mg/kg) of a solution 
of lipopolysaccharide (LPS) (E. coli serotype 055:B5, 
Sigma-Aldrich, St. Louis, MO USA) in pyrogen free 
saline (Taiwan Biotech Co., Ltd., Taoyuan, Taiwan).
Control rats received an i.p. injection of saline only.

2.4. Blood Collection and Cytokine 
Measurement

Blood samples (~0.5 mL) were collected via jugular 
vein (Study 1 & 2) or tail vein (Study 3) pre-dose (Day 0) 
(all studies) and on Days 8, 21 and 35 (Study 1 & 2) or 
1.5, 3 and 24 hours post LPS injection (Study 3). Blood 
samples were processed at the time of collection into 
plasma samples (Study 1 & 2) or serum samples (Study 3) 
and were stored at 70 until cytokine determination 
could be performed.

Cytokine determination for Study 1 & 2 was accom-
plished utilizing the facilities and services of Rules 
Based Medicine, Inc., Austin, TX USA using their Ro-
dent MAP® multi-analyte profile platform following the
manufacturer’s instructions. In this instance, the levels of 
42 different biomarkers, chemokines and cytokines were 
evaluated, however only 16 of these which are related to 
inflammation [Granulocyte Chemotactic Protein 2 (GCP-
2), Interferon gamma (IFN- ), Interleukin 1 beta (IL-1 ), 
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IL-2, IL-4, IL-6, IL-10, Monocyte Chemotactic Protein 1 
(MCP-1), MCP-3, Macrophage Inflammatory Protein 1 
alpha (MIP-1 ), MIP-1 , MIP-2, Regulated upon Acti-
vation Normal T-cell Expressed and Secreted (RANTES), 
Tissue Inhibitor of Matalloproteinase Type 1 (TIMP-1), 
Tumor Necrosis Factor alpha (TNF- ), and Vascular 
Endothelial Growth Factor (VEGF)] are reported herein.
Cytokine determination for Study 3 was performed by 
Ricerca Biosciences, LLC, Bothell, WA USA using the 
Luminex xMAP® bead-based multiplex platform (Austin, 
TX USA) following the manufacturer’s instructions. In 
this instance, the levels of 5 chemokines/cytokines re-
lated to inflammation (IFN- , IL-1 , IL-6, IL-10, TNF- )
were evaluated and are reported herein.

2.5. Statistical Analysis
Comparisons of baseline data between groups (Study 3) 

were made with a Kruskal-Wallis test for multiple inde-
pendent samples to validate randomization. Statistical 
significance was accepted at an value of < 0.05. Post-
baseline statistical analyses were done as repeated meas-
ures univariate Analysis of Variance (rm-ANOVA) ver-
sus baseline (Study 1 & 2) or versus control (Study 3).
Items found to have statistical significance with 
rm-ANOVA were then compared using a post hoc test 
for repeated measures. Statistical significance was ac-
cepted at an value of < 0.05 for both determinations. In 
cases where post-baseline cytokine values were below 
the Limit of Quantitation (LOQ), a value of ½LOQ (well 
above the Limit of Detection for the assays) was incor-
porated for statistical calculations as opposed to incor-
porating zero values (Study 1 & 2). This substitution 
approach was developed in consultation with the assay 
manufacturer and cases where this approach was used are 
denoted in the data tables. Additionally, data points were 
excluded in cases where there was >35% variance be-
tween replicates (Study 3). This occurred at a rate of 
<4% in the overall dataset and appeared to be randomly 
distributed throughout. SYSTAT software (version 13) 
was used for all statistical analyses [18].

3. RESULTS
Changes in plasma cytokine levels from baseline fol-

lowing 7 days of oral supplementation with NEM® at 
6.13 mg/kg bw/day (Study 1, Table 1) were statistically 
significant at Day 8 for IL-2 (153% increase, p = 0.033), 
TIMP-1 (11.2% reduction, p = 0.002) and VEGF (27.8% 
reduction, p = 0.022), at Day 21 for IL-10 (65.1% reduc-
tion, p = 0.033), and at Day 35 for MCP-1 (30.0% reduc-
tion, p = 0.034), MCP-3 (26.6% reduction, p = 0.007) 
and TIMP-1 (14.6% reduction, p = 0.032). There were 
non-detectable levels of MIP-1 at Day 21 and MIP-2
and TNF- at Day 35.

Table 1. Change in plasma cytokine levels from baseline in 
healthy rats following 7 days of oral supplementation with 
NEM® at 6.13 mg/kg bw/day.

Baseline
(Day 0)

NEM
(Day 8)

NEM
(Day 21)

NEM
(Day 35)

n = 3 n = 3 n = 3 n = 3

GCP-2a 0.07 ± 0.02 0.22 ± 0.10 0.24 ± 0.07† 0.06 ± 0.02

IFN- b < LOQ < LOQ < LOQ < LOQ

IL-1 a 1.29 ± 0.99 0.72 ± 0.34 0.62 ± 0.22 0.30 ± 0.12c

IL-2b 11.2 ± 6.2 28.3 ± 9.0* 33.9 ± 23.6 26.0 ± 13.0

IL-4b < LOQ < LOQ < LOQ < LOQ

IL-6b < LOQ < LOQ < LOQ < LOQ

IL-10b 616 ± 98 503 ± 85 215 ± 105* 477 ± 62

MCP-1b 457 ± 65 449 ± 91 553 ± 144 320 ± 101*

MCP-3b 222 ± 51 207 ± 39 256 ± 70 163 ± 42*

MIP-1 a 0.26 ± 0.05 0.17 ± 0.08 0.15 ± 0.03 0.24 ± 0.06

MIP-1 b 28.7 ± 11.5 44.2 ± 9.1 39.0 ± 0.0c 27.4 ± 17.0

MIP-2b 3.0 ± 0.7 3.3 ± 0.7 3.6 ± 1.2 3.6 ± 0.0c

RANTESb 86.2 ± 36.6 152 ± 92 319 ± 70† 62.0 ± 22.5

TIMP-1a 8.9 ± 1.4 7.9 ± 1.3* 8.3 ± 0.6 7.6 ± 1.1*

TNF- a 0.05 ± 0.03 0.05 ± 0.04c 0.05 ± 0.04c 0.07 ± 0.0c

VEGFb 227 ± 38 164 ± 40* 196 ± 55 208 ± 30

Values represent means ± standard deviation, a = ng/mL, b = pg/mL, <LOQ 
= below limit of quantitation, P-values determined by repeated measures 
ANOVA versus baseline, *P < 0.05, †P < 0.10, c = contained cases where 
values measured were below the Limit of Quantitation (LOQ) wherein 
values of ½LOQ were incorporated for statistical calculations.

Changes in plasma cytokine levels versus baseline
following 7 days of oral supplementation with NEM® at 
10.0 mg/kg bw/day (Study 2, Table 2) were statistically 
significant at Day 8 for VEGF (50.1% reduction, p =
0.038), at Day 21 for MIP-1 (84.8% reduction, p =
0.022), MIP-2 (77.1% reduction, p = 0.005) and VEGF 
(61.5% reduction, p = 0.014), and at Day 35 for MCP-3
(67.2% reduction, p = 0.047), MIP-1 (88.4% reduction, 
p = 0.002), MIP-2 (76.5% reduction, p = 0.006) and 
VEGF (66.4% reduction, p = 0.002). There were trends 
toward significance at Day 8 for MIP-2 (64.0% reduction, 
p = 0.063), at Day 21 for MCP-3 (61.9% reduction, p =
0.081) and TNF- (70.0% reduction, p = 0.097), and at 
Day 35 for GCP-2 (53.8% reduction, p = 0.075), IL-2
(69.0% reduction, p = 0.098) and MCP-1 (67.3% reduc-
tion, p = 0.079). There were non-detectable levels of 
IL-2, MIP-2 and TIMP-1 at Day 35.

There were no differences in serum cytokine levels 
between groups (control, 26.0 mg/kg bw/day or 52.0 
mg/kg bw/day) at baseline for any of the five cytokines 
evaluated (IFN- , IL-1 , IL-6, IL-10, TNF- )(Study 3, 
Table 3). Changes in serum cytokine levels versus con-
trol following 7 days of oral supplementation with 
NEM® at 26.0 mg/kg bw/day (Study 3, Table 4) with 
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Table 2. Change in plasma cytokine levels from baseline in 
healthy rats following 7 days of oral supplementation with 
NEM® at 10.0 mg/kg bw/day.

Baseline
(Day 0)

NEM
(Day 8)

NEM
(Day 21)

NEM
(Day 35)

n = 3 n = 3 n = 3 n = 3

GCP-2a 0.13 ± 0.05 0.06 ± 0.04 0.02 ± 0.03 0.06 ± 0.02†

IFN- b < LOQ < LOQ < LOQ <LOQ

IL-1 a < LOQ < LOQ < LOQ <LOQ

IL-2b 108 ± 44 31.3 ± 21.3 25.3 ± 14.1c 33.5 ± 0.0c†

IL-4b < LOQ < LOQ < LOQ <LOQ

IL-6b < LOQ < LOQ < LOQ <LOQ

IL-10b 460 ± 265 305 ± 15 314 ± 25 294 ± 83

MCP-1b 721 ± 233 439 ± 113 250 ± 122 236 ± 28†

MCP-3b 354 ± 93 226 ± 72 135 ± 44† 116 ± 6*

MIP-1 a < LOQ < LOQ < LOQ <LOQ

MIP-1 b 250 ± 31 81 ± 103 38 ± 46* 29 ± 16*

MIP-2b 15.3 ± 1.5 5.5 ± 3.4c† 3.5 ± 0.2c* 3.6 ± 0.0c*

RANTESb 195 ± 118 93 ± 100 23 ± 20 20 ± 4

TIMP-1a 0.28 ± 0.16 0.09 ± 0.06c 0.08 ± 0.03c 0.09 ± 0.00c

TNF- a 0.20 ± 0.09 0.06 ± 0.06 0.06 ± 0.03c† 0.04 ± 0.03c

VEGFb 429 ± 42 214 ± 75* 165 ± 25* 144 ± 33*

Values represent means ± standard deviation, a = ng/mL, b = pg/mL, < LOQ 
= below limit of quantitation, P-values determined by repeated measures 
ANOVA versus baseline, *P < 0.05, †P < 0.10, c = contained cases where 
values measured were below the Limit of Quantitation (LOQ) wherein 
values of ½LOQ were incorporated for statistical calculations.

Table 3. Mean serum cytokine concentrations (pg/mL) in 
NEM-supplemented and control groups at baseline.

Control
(0 mg/kg)

NEM
(26 mg/kg)

NEM
(52 mg/kg)

n = 8 n = 8 n = 8

IFN- 2.49 ± 0.16 2.40 ± 0.00 2.49 ± 0.27

IL-1 15.8 ± 10.0 13.0 ± 5.5 18.6 ± 13.2

TNF- 11.1 ± 2.0 10.2 ± 0.7 11.2 ± 2.9

IL-6 9.80 ± 0.00 9.96 ± 1.14 10.2 ± 1.1

IL-10 10.2 ± 1.0 9.80 ± 0.00 10.0 ± 0.6

Values represent means ± standard deviation, P-values determined by 
Kruskal-Wallis test for multiple independent samples, *P < 0.05, †P < 0.10.

subsequent inflammatory challenge (LPS, i.p.) were sta-
tistically significant at 1.5 hours (43.7% reduction, p =
0.013), 3 hours (28.8% reduction, p = 0.034) and 24 
hours (20.8% reduction, p = 0.006) for IL-1 and at 1.5 
hours (27.6% reduction, p = 0.028) for IL-10. There was 
a trend toward significance at 24 hours for IL-10 (74.6% 
increase, p = 0.097). No other changes in serum cytokine 
levels were statistically significant at this dose level.

Changes in serum cytokine levels versus control fol-
lowing 7 days of oral supplementation with NEM® at 

52.0 mg/kg bw/day (Study 3, Table 5) with subsequent 
inflammatory challenge (LPS, i.p.) were statistically sig-
nificant at 1.5 hours for IFN- (33.5% reduction, p =
0.047), IL-1 (39.4% reduction, p = 0.003) and IL-10
(29.8% reduction, p = 0.015), and at 3 hours for IL-1
(23.9% reduction, p = 0.044), and at 24 hours for IL-10
(57.5% increase, p = 0.021). There was a trend toward 
significance at 24 hours for IL-1 (9.3% reduction, p =
0.093). No other changes in serum cytokine levels were 
statistically significant at this dose level.

4. DISCUSSION
Although OA has not traditionally been considered an 

inflammatory arthropathy, the scientific understanding of 
the pathophysiological progression of the disease has 
been gradually trending towards that of a disease involv-
ing the “whole joint” with significant localized inflam-
mation [19]. Evidence of an inflammatory process in OA 
is reflected in many of the clinical symptoms of the pro-
gressive disease, including swelling of affected joints,

Table 4. Change in mean serum cytokine concentrations 
(pg/mL) in 7-day NEM-supplemented (26 mg/kg bw/day) and 
control groups from baseline at 1.5, 3, and 24 hours post LPS 
treatment.

Hours post-
treatment

Control NEM
% Difference 
(NEM-vs-ctrl)(0 mg/kg)

n = 8
(26 mg/kg)

n = 8

IFN- Baseline 2.49 ± 0.16 2.40 ± 0.00 3.5

1.5 6.35 ± 2.48 4.88 ± 2.60 23.2

3 135 ± 43 144 ± 85 6.2

24 3.55 ± 2.18 2.49 ± 0.14 29.8

IL-1 Baseline 15.8 ± 10.0 13.0 ± 5.5 17.9

1.5 62.4 ± 17.1 35.1 ± 16.7* 43.7*

3 87.9 ± 23.5 62.6 ± 15.9* 28.8*

24 12.6 ± 2.1 9.96 ± 0.42* 20.8*

TNF- Baseline 11.1 ± 2.0 10.2 ± 0.7 7.6

1.5 1157 ± 828 934 ± 332 19.3

3 84.5 ± 46.7 75.5 ± 28.7 10.7

24 9.80 ± 0.00 9.80 ± 0.00 0.0

IL-6 Baseline 9.80 ± 0.00 9.96 ± 1.14 1.7

1.5 321 ± 175 385 ± 182 20.0

3 386 ± 172 329 ± 133 14.8

24 10.0 ± 0.6 10.7 ± 2.3 6.6

IL-10 Baseline 10.2 ± 1.0 9.80 ± 0.00 3.8

1.5 42.7 ± 12.3 30.9 ± 8.3* 27.6*

3 18.7 ± 5.6 19.3 ± 7.4 3.1

24 14.2 ± 3.2 24.9 ± 11.5† 74.6†

Values represent means ± standard deviation. P-values determined by re-
peated measures ANOVA, *p < 0.05, †p < 0.10. ctrl = control.
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Table 5. Mean serum cytokine concentrations (pg/mL) in 7-day 
NEM-supplemented (52 mg/kg bw/day) and control groups at 
baseline and 1.5, 3, and 24 hours post LPS treatment.

Hours post-
treatment

Control NEM
% Difference
(NEM-vs-ctrl)(0 mg/kg)

n = 8
(52 mg/kg)

n = 8

IFN- Baseline 2.49 ± 0.16 2.49 ± 0.27 0.3

1.5 6.35 ± 2.48 4.22 ± 0.76* 33.5*

3 135 ± 43 130 ± 34 4.3

24 3.55 ± 2.18 2.82 ± 0.75 20.7

IL-1 Baseline 15.8 ± 10.0 18.6 ± 13.2 17.3

1.5 62.4 ± 17.1 37.8 ± 9.7* 39.4*

3 87.9 ± 23.5 66.9 ± 15.8* 23.9*

24 12.6 ± 2.1 11.4 ± 1.2 9.3†

TNF- Baseline 11.1 ± 2.0 11.2 ± 2.9 1.5

1.5 1157 ± 828 786 ± 161 32.1

3 84.5 ± 46.7 70.0 ± 15.0 17.2

24 9.80 ± 0.00 9.80 ± 0.00 0.0

IL-6 Baseline 9.80 ± 0.00 10.2 ± 1.1 4.0

1.5 321 ± 175 256 ± 83 20.1

3 386 ± 172 306 ± 64 20.6

24 10.0 ± 0.6 10.3 ± 1.4 3.0

IL-10 Baseline 10.2 ± 1.0 10.0 ± 0.6 1.8

1.5 42.7 ± 12.3 30.0 ± 8.1* 29.8*

3 18.7 ± 5.6 18.1 ± 3.4 3.6

24 14.2 ± 3.2 22.4 ± 6.1* 57.5*

Values represent means ± standard deviation. P-values determined by re-
peated measures ANOVA, *p < 0.05, †p < 0.10. ctrl = control.

synovial effusion, and joint stiffness [20]. This clinical 
evidence is supported by immunochemical and histolog-
ical data from numerous studies showing infiltration of
the joint synovium by immune cells, primarily macro-
phages and mononuclear lymphocytes such as T-cells 
[20-22] accompanied by subsequent inflammatory cyto-
kine expression [23] and synovial fibroblast activation 
[24].

The two primary mediators of arthritis inflammation 
are IL-1 and TNF- . These cytokines have been identi-
fied as targets for OA treatment [25,26] and there are 
multiple FDA-approved biologic drugs (etanercept, in-
fliximab, adalimumab, etc.) for this indication (mostly 
RA). These cytokines, in an autocrine/paracrine manner, 
auto-amplify their own expression and induce chondro-
cytes to produce matrix metalloproteinases (MMPs), 
chemokines (IL-8, MCP-1, MIP-1 , MIP-1 , RANTES, 
etc.), nitric oxide, and prostaglandins [19,26]. This leads 
to localized tissue destruction, immune cell infiltration, 
inhibition of cartilage matrix synthesis, and increased 
pain sensitivity, among others.

The eggshell membrane derived product NEM® has 
previously been shown in vitro to reduce a number of 
pro-inflammatory cytokines in human immune cells fol-
lowing inflammatory challenge (with phyto-mitogens), 
with this effect being most pronounced for IFN- and 
TNF- [17]. In this paper, we reported in vivo support for 
the reduction of circulating pro-inflammatory cytokines 
following oral supplementation with NEM® in both 
healthy rats (Study 1 & 2) and inflammatory-challenged 
rats (Study 3).

While not statistically significant, NEM® appeared to 
demonstrate trends toward reduction in healthy rats for 
both IL-1 (6.13 mg/kg bw/day)(Study 1) and TNF-
(10.0 mg/kg bw/day)(Study 2). Interestingly, there were 
statistically significant effects at both dose levels for 
nearly all of the chemokines (MCP-1, MIP-1 , MIP-1 ,
RANTES, VEGF) currently understood to be key players 
in OA/RA inflammation and pathogenesis. MCP-1 and 
RANTES have been shown to induce expression of 
MMP-3 in both normal and OA chondrocytes [27] and 
RANTES has been reported to stimulate MMP-1 release 
in chondrocytes as effectively as did IL-1 [28]. These 
enzymes are known to degrade chondrocyte extracellular 
matrix (ECM) which leads to cartilage destruction.
MCP-1, RANTES, MIP-1 and MIP-1 have all been 
shown to inhibit proteoglycan synthesis in chondrocytes 
[27,29], a key component of cartilage needed for repair.
VEGF expression is absent in adult healthy cartilage but 
is significantly expressed in OA chondrocytes and may 
play a role in osteophyte formation [30].

Also interesting is the overall lack of effect from oral 
supplementation with NEM® on anti-inflammatory cyto-
kines and chemokines (IL-4, IL-6, IL-10, and TIMP-1) in 
healthy rats. While IL-4 and IL-6 were below LOQ at 
baseline, there was only a mild downward trend in IL-10
and TIMP-1 levels—consistent with restoring immune 
homeostasis following the reductions seen in pro-in-
flammatory cytokines and chemokines. IL-10 is known 
to inhibit the production of IL-1 and TNF- and is 
overexpressed in OA chondrocytes compared to normal, 
which is likely the body’s attempt to counteract the de-
trimental effects from these pro-inflammatory cytokines 
[31]. MMPs are strictly controlled by TIMPs under nor-
mal conditions and an imbalance toward MMPs is be-
lieved to be the basis for cartilage destruction via ECM 
degradation in arthritis [32].

NEM® has been shown in clinical trials to have an ef-
fective dose of 500 mg per day. We initially chose to 
evaluate doses of 6.13 mg/kg bw/day (Study 1) and 10.0 
mg/kg bw/day (Study 2) which, following allometric 
conversion [33], equate to a human equivalent dose 
(HED) of 59 mg/day and 97 mg/day, respectively, for a 
60 kg person. The number of animals (n = 3) was also 
small in the preliminary evaluations of inflammatory 
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cytokines. These facts, combined with low basal cyto-
kine levels in healthy rats, made it challenging to obtain 
statistically significant changes following oral supple-
mentation with NEM®. In a number of instances (IL-1
in Study 1 and IL-10 & RANTES in Study 2), there ap-
peared to be substantial percent reductions in mean cyto-
kine levels that nevertheless failed to reach statistical 
significance. We therefore set out to employ a rat model 
in which inflammation was induced (Study 3) to increase 
the likelihood of observing clearer effects from NEM®

supplementation. We also increased the number of ani-
mals (n = 8), narrowed the number of cytokines eva-
luated to five, and increased the doses evaluated to 26.0 
mg/kg bw/day and 52.0 mg/kg bw/day (HED: 252 mg/
day & 503 mg/day, respectively).

There was a substantial (39% - 44%) and lasting 
(through 24 hours) reduction in IL-1 in this inflamma-
tory-challenge model (Study 3) at both doses evaluated.
And, although not statistically significant, there also ap-
peared to be a substantial (19% - 32%) downward trend 
in TNF- levels for both doses, as well. These effects on 
the key mediators of arthritis inflammation provide fur-
ther supportive evidence to the observed clinical efficacy 
of NEM®. The ability to influence IL-1 and TNF- in 
vivo likely also explains at least some of the effects ob-
served in the downstream chemokines (MCP-1, MIP-1 ,
MIP-1 , RANTES, VEGF) in the initial studies. Interes-
tingly, there was a sinusoidal response for the anti-in-
flammatory cytokine IL-10 over the time-course of this 
study, in which there was an initial substantial reduction 
(28% - 30%) at 1.5 hours leading to a substantial in-
crease (58% - 75%) by 24 hours when compared to con-
trols. This is particularly interesting in the context that 
nearly all of the cytokines evaluated had returned to near 
baseline levels by the 24-hour study endpoint in the con-
trol animals. The reason for this divergence isn’t com-
pletely clear, but it may be a result of the delayed time-
course of anti-inflammatory cytokines compared to the 
rapid time-course of pro-inflammatory cytokines, espe-
cially in this particular animal model.

Taken together, these studies demonstrate that oral 
supplementation with NEM® can influence both early-
phase pro-inflammatory cytokines like IL-1 and TNF-
(Study 3), as well as later-phase pro-inflammatory cyto-
kines like MCP-1, MIP-1 & , RANTES and VEGF 
(Study 1 & 2). There was also a mild effect on the an-
ti-inflammatory cytokine IL-10 in all three studies. A
natural treatment, such as NEM®, which is suitable for 
chronic inflammatory diseases like arthritis that could 
potentially avoid the unfortunate side effects of currently 
available pharmaceutical treatments is of obvious benefit.
These studies provide a possible basis for the mechanism 
of action of NEM® in vivo and serve as an important step 
in explaining its observed clinical efficacy seen in mul-

tiple human studies.
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Effects of Natural Eggshell Membrane (NEM) on Cytokine Production
in Cultures of Peripheral Blood Mononuclear Cells: Increased Suppression

of Tumor Necrosis Factor-a Levels After In Vitro Digestion
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ABSTRACT Tumor necrosis factor-a (TNF-a) plays an important role in inflammatory processes. This study examined the

effects of natural eggshell membrane (NEM�) (ESM Technologies, LLC, Carthage, MO, USA) on interleukin (IL)-2, IL-4, IL-

6, IL-10, interferon-c (IFN-c), and TNF-a cytokine production by 4-day peripheral blood mononuclear cell (PBMC) cultures

exposed to serial dilutions of either an aqueous extract of natural eggshell membrane (NEM-AQ) or NEM subjected to in vitro

digestion (NEM-IVD). The effects on cytokine production were also assessed in the presence of phytohemagglutinin (PHA)

and pokeweed mitogen (PWM) where exposure to NEM-AQ resulted in reduced levels of proliferation and statistically

significant effects on IL-6, IL-10, IFN-c, and TNF-a cytokine production. NEM-AQ reduced levels of IL-6, IL-10, IFN-c, and
TNF-a in cultures exposed to PHA. In cultures containing PWM, NEM-AQ reduced production of IL-10 and at the highest

dose tested increased IL-6 and decreased TNF-a cytokine levels. NEM-IVD, at the two lowest concentrations of product,

significantly reduced TNF-a production by PBMC cultures exposed to PWM compared with the in vitro digest control or

native NEM. Taken together, these results suggest that NEM-AQ can influence signaling events in response to the T cell-

specific mitogen PHA as well as to the mitogen PWM that require cellular cross-talk and that these effects may be partially

mediated through a reduction in level of the pro-inflammatory cytokine TNF-a. The suppression of TNF-a production in the

presence of NEM-IVD is promising for the use of NEM as a consumable anti-inflammatory product.

KEY WORDS: � cytokines � human � immunity � in vitro digestion � lymphocyte � natural eggshell membrane � natural

product � peripheral blood mononuclear cells � Th1/Th2 � tumor necrosis factor-a

INTRODUCTION

The main clinical manifestations of arthritis are
inflammation, pain, and bone resorption. Chronic

inflammation and bone loss are closely linked pathophysio-
logic events. New scientific data point to a beneficial effect
of blocking specific molecular interactions, which can re-
duce local arthritic symptoms even in the presence of on-
going chronic inflammation.1 The current mainstream
medical treatments for arthritis involve pain management,
anti-inflammatory drugs (nonsteroidal anti-inflammatory
drugs, steroids, cyclooxygenase-2 inhibitors), and also ex-
ploration of chemokine receptor antagonists to stop cell
migration into the inflamed areas.2–4 Part of the intensive
pharmaceutical research efforts includes research on the
interaction between osteoblasts and osteoclasts via the re-
ceptor activator of nuclear factor jB and its ligand. Receptor
activator of nuclear factor j is a hematopoietic surface re-
ceptor controlling osteoclastogenesis and calcium metabo-

lism. Interference with these various pathways may also
include arresting the maturation of phagocytic mononuclear
cells into bone-resorbing cells, neutralizing pro-inflammatory
cytokines, and blocking of matrix metalloproteinases. These
mainstream treatments go far beyond a direct treatment of
cells within the arthritic joints. They aim at reducing in-
flammation and inhibiting recruitment into the inflamed area
of cells that contribute to disease processes, including bone
resorption.
In contrast, nutraceutical products widely used for joint

health include glucosamine, chondroitin, and hyaluronic
acid, thus ignoring a multifaceted action of complex natural
products. Even the spotlight on hyaluronic acid seems to
limit its focus on replenishing the synovial fluid and on
stimulating chondrocytes to produce more hyaluronic acid,
thus ignoring the many complex ways that hyaluronic acid
can modulate cells and their behavior.
Natural eggshell membrane (NEM�) (ESM Technolo-

gies, LLC, Carthage, MO, USA) is a novel dietary supple-
ment that has been shown in several human trials to be a
clinically effective treatment for pain and stiffness associ-
ated with joint and connective tissue disorders, particularly
osteoarthritis.5,6 Eggshell membrane is primarily composed

Manuscript received 26 December 2010. Revision accepted 10 October 2011.

Address correspondence to: Gitte S. Jensen, NIS Labs, 1437 Esplanade, Klamath Falls,
OR 97601, USA, E-mail: gitte@nislabs.com

JOURNAL OF MEDICINAL FOOD
J Med Food 15 (4) 2012, 360–368
# Mary Ann Liebert, Inc., and Korean Society of Food Science and Nutrition
DOI: 10.1089/jmf.2011.0197

360



of fibrous proteins such as collagen type I.7 However, egg-
shell membranes have also been shown to contain glycos-
aminoglycans, such as dermatan sulfate, chondroitin
sulfate,8 and hyaluronic acid,9 and sulfated glycoproteins,
including hexosamines such as glucosamine.10 NEM con-
tains up to about 5% of these various components, the unique
combination of which may explain its biological activity. To
further this understanding, a cytokine profile was determined
from NEM-treated lymphocytes in cell culture.

The purpose of this study is to evaluate anti-inflammatory
and immunomodulatory effects of NEM as well as its
in vitro digest in a select series of human cell-based in vitro
assays, in preparation for more comprehensive evaluations
in vitro and in vivo.

MATERIALS AND METHODS

Reagents

Phosphate-buffered saline (PBS) (pH 7.4), RPMI-1640
culture medium, fetal calf serum, l-glutamine (200mM),
penicillin–streptomycin (100 · solution), glacial acetic acid,
methanol, pepsin, pancreatin, bile salts, Histopaque 1077,
and Histopaque 1119 were obtained from Sigma-Aldrich
(St. Louis, MO, USA). The cytometric bead array (CBA) for
human Th1/Th2 cytokine kit II was purchased from BD
Biosciences (San Jose, CA, USA). All reagents for sodium
dodecyl sulfate (SDS)–polyacrylamide gel electrophoresis
(PAGE) and silver stain detection were obtained from Bio-
Rad (Hercules, CA, USA) and included 4–15% Tris-HCl
ready gels, Precision Plus dual color protein molecular
weight standards, Laemmli buffer, 10·Tris/glycine/SDS
buffer, silver stain concentrate, silver stain oxidizer, and
silver stain developer. NEM was obtained from ESM
Technologies, LLC.

Preparation of NEM for in vitro bioassays

The NEM powder was reconstituted in physiological sa-
line and allowed to rehydrate for 1 hour at room tempera-
ture. Solids included insoluble calcium carbonate from
eggshell and were removed by centrifugation at 900 g for 10
minutes. The liquid was filtered through a sterile cellulose
acetate syringe filter (pore size, 0.22lm). This filtrate cor-
responded to a stock solution of 100 g/L product (same
concentration as the in vitro–digested NEM [NEM-IVD],
described below). This aqueous preparation is designated
NEM-AQ.

Preparation of an in vitro digest of NEM

The in vitro digestion of NEM was performed according
to methods published in the literature11–13 (see also Fig. 4).
In brief, 3.75 g of NEM powder was added to 30mL of PBS
and shaken at room temperature for 1 hour. Following the 1-
hour incubation, the sample was spun at 900 g for 10 min-
utes, and the aqueous solution was removed from the solids
and sterile-filtered with a cellulose acetate filter (pore size,
0.22lm). HCl (1 M) was then added until the solution
reached pH 2.0. Porcine pepsin was then added at a con-

centration of 1.3mg/mL, and the sample was left at 37�C for
60 minutes with shaking (to simulate digestion in the
stomach). Next, sodium bicarbonate (NaHCO3) was used to
increase the pH of the solution to 5.8 (irreversibly in-
activating pepsin), and pancreatin (0.175mg/mL) and por-
cine bile salts (1.1mg/mL) were added to simulate intestinal
digestion. The pH was then adjusted to 6.5, and the mixture
was left at 37�C for 1 hour. The final volume of the digest
was adjusted with saline to give a final concentration of
NEM of 100 g/L. Following this in vitro digestion, the
sample was centrifuged through a 10-kDa cutoff filtration
spin column to remove the enzymes from the digested
product. This filtration step was necessary to avoid the
presence of digestive enzymes in the downstream treatment
of cells with product. This step also avoided the use of en-
zyme inhibitors that potentially could have direct effects on
cell signaling in downstream cell-based assays. The liquid
after in vitro digestion and size-exclusion filtration is des-
ignated NEM-IVD.

As the control, saline alone (negative control) was si-
multaneously subjected to the in vitro digestion protocol as
described above. This was an important control to determine
whether any bile salts or breakdown products from the en-
zymes themselves have biological activity. This PBS control
is designated as PBS-IVD.

SDS-PAGE

SDS-PAGE was performed to compare crude NEM-AQ,
NEM-IVD, and the PBS-IVD control. Samples were dena-
tured by boiling for 3 minutes in 1·Laemmli buffer and
separated by gel electrophoresis through a 4–15% poly-
acrylamide Tris-HCl gel using Protein Plus dual color mo-
lecular weight standards for reference. Silver staining was
performed in order to visualize proteins, and an image of the
stained gel was captured with a Canon (Lake Success, NY,
USA) PowerShot SD430 digital camera.

Purification of peripheral blood mononuclear cells

Healthy human volunteers between the ages of 20 and 50
years served as blood donors after written informed consent
was obtained, as approved by the Sky Lakes Medical
(Klamath Falls, OR, USA) Center Institutional Review
Board. Isolation of peripheral blood mononuclear cells
(PBMCs) was performed as previously described.14 PBMCs
were used to establish lymphocyte cultures for the mea-
surement of cytokine production.

Cytokine production by 4-day PBMC cultures

Freshly purified PBMCs were resuspended in RPMI 1640
medium supplemented with 10% fetal bovine serum, l-
glutamine (2mM), penicillin (100U/mL), and streptomycin
(100mg/mL) at a density of 1· 106/mL. Cells were cultured
in the presence of 10-fold serial dilutions of NEM-AQ,
NEM-IVD, or PBS-IVD in a series of triplicate wells con-
taining a total volume of 200lL. Three separate sets of
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culture conditions were established: no mitogen, phytohe-
magglutinin (PHA), or pokeweed mitogen (PWM). The
culture plate was incubated at 37�C in an atmosphere of 5%
CO2 for 4 days, after which cells were transferred to a
V-bottom plate and centrifuged. Cell supernatants were
collected for cytokine measurement (described below).
Determination of relative cell numbers in each culture well
was performed by staining cells with the DNA dye Cy-
Quant� (Invitrogen, Carlsbad, CA, USA) and measuring
fluorescence measured with a Tecan (Durham, NC, USA)
Spectrafluor fluorescence plate reader. Samples were as-
sayed in triplicate, and experiments were repeated three
times with cells from three different donors.

Th1/Th2 cytokine profile

The cytokines interleukin (IL)-2, IL-4, IL-6, IL-10, tumor
necrosis factor-a (TNF-a), and interferon-c (IFN-c) were
quantified in the 4-day PBMC culture supernatants using a
flow cytometry cytometric bead array (CBA) kit (CBA hu-
man Th1/Th2 cytokine kit II, BD Biosciences) that allowed
the determination of the levels of all six cytokines simul-
taneously. Samples were tested in duplicate following the
manufacturer’s instructions, data were acquired with a
FACSCalibur� flow cytometer (Becton-Dickinson, San
Jose), and the analysis was performed with FlowJo software
(TreeStar Inc., Ashland, OR, USA).

Statistical analysis

Statistical significance was tested using Student’s t test
performed with the program Microsoft (Redmond, WA,
USA) Excel. All P values were two-sided and were con-
sidered significant when P < .05. Only statistically signifi-
cant P values are reported.

RESULTS

Lymphocyte proliferation assay

The lymphocyte proliferation assay evaluates whether a
test product alters lymphocyte responsiveness to known
signals such as mitogens. If any change in the proliferative
response to known mitogens is seen in cells pretreated with
test product, this is a good indication that the product has
immunomodulatory effects and justifies further in-depth
work on T and B lymphocyte signaling and activation.
Freshly purified human PBMCs were cultured for 4 days in

the absence versus presence of serial dilutions of test prod-
ucts. Three parallel sets of cultures were established, where
one tested the direct effect of test product on lymphocyte
proliferation, and the two others examined the possible in-
terference with response to the mitogen PHA or PWM. PHA
produces a cleaner signal as it strictly induces proliferation of
T lymphocytes, but PWM represents a more physiological
signal mimicking the cellular interactions between mono-
cytes/macrophages and T and B lymphocytes that occur in
lymphoid tissue; therefore it is beneficial to test both in
parallel. Positive controls included cells treated only with a
mitogen in the absence of test product. No direct effects of
product on lymphocyte proliferation were observed (data not
shown). In the presence of PHA (Fig. 1A) and PWM (Fig.
1B), statistically significant decreases in proliferation of 30%
and 15%, respectively, were seen with all three dilutions of
NEM-AQ, indicating that pretreatment of PBMCs with
NEM-AQ altered their response to subsequent signals.

Changes in Th1/Th2 cytokine levels

Supernatants were collected from 4-day cultures where
PBMCs were exposed to test products in the absence versus
presence of the mitogens PHA and PWM and analyzed for

FIG. 1. Effect of aqueous extract of Natural Eggshell Membrane (NEM) (NEM-AQ) on lymphocyte proliferation in the presence of (A)
phytohemagglutinin (PHA) and (B) pokeweed mitogen (PWM). Statistically significant decreases in the proliferative response of 4-day lym-
phocyte cultures to (A) PHA and (B) PWM were seen when cells were exposed to serial dilutions of NEM-AQ. Statistically significant differences
are indicated (*P < .05). Conditions were assayed in triplicate, and the results shown are mean – SD values from a representative of three separate
experiments using cells from three different donors. MFI, mean fluorescence intensity.
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the panel of Th1/Th2 cytokines IL-2, IL-4, Il-6, IL-10, IFN-
c, and TNF-a, using a CBA for flow cytometry. No statis-
tically significant changes in cytokine production occurred
in unstimulated cultures, whereas statistically significant
changes in the cytokines IL-6, IL-10, IFN-c, and TNF-a
occurred in cultures that contained PHA (Fig. 2) or PWM
(Fig. 3).

Cultures exposed to serial dilutions of NEM-AQ showed
a biphasic response, including a strong increase of IL-6 at
the highest dose tested (5 g/L) in the presence of both PHA
and PWM, a decrease at the lower concentrations for PHA,
and no effect at lower doses for PWM. Levels of IL-10, IFN-
c, and TNF-a decreased in the presence of all three doses of
NEM-AQ in the presence of PHA. Effects in the presence of

PWM were only seen at higher doses. The reduction in IFN-
c production in the presence of PHA was over 60% at the
highest concentration of NEM-AQ tested. At the 0.05 g/L
dose, a 35% reduction in TNF-a levels was seen, indicating
a strong anti-inflammatory effect of NEM-AQ on TNF-a
production at lower concentrations in the presence of the T-
cell mitogen PHA.

In vitro digest

An in vitro digest as outlined in Figure 4 was performed
on NEM-AQ as well as a saline control (PBS-IVD), and the
resulting material was subjected to SDS-PAGE and silver
stain detection in parallel with NEM-AQ. This analysis

FIG. 2. Effects of NEM-AQ on production of the cytokines (A) interleukin (IL)-6, (B) IL-10, (C) interferon-c (IFN-c), and (D) tumor necrosis
factor-a (TNF-a) by 4-day peripheral blood mononuclear cell cultures simultaneously exposed to PHA. Supernatants from 4-day peripheral blood
mononuclear cell cultures were simultaneously assayed for the presence of the cytokines IL-6, IL-10, IFN-c, and TNF-a using a flow cytometry–
based assay. (A) IL-6 production in cultures exposed to serial dilutions of NEM-AQ showed a strong increase at the highest dose tested (5 g/L) and
a decrease at the two lowest concentrations of NEM-AQ tested. (B) Decreases in IL-10 production were seen with all three doses of NEM-AQ in
the presence of PHA. (C) The cytokine IFN-c levels decreased in a dose-dependent manner. This reduction in IFN-c production was over 60% at
the highest concentration of NEM-AQ tested. (D) TNF-a production decreased in cultures exposed to serial dilutions of NEM-AQ. Statistically
significant differences are indicated (*P< .05). The results shown are mean– SD values from a representative of three separate lymphocyte
proliferation cultures using cells from three different donors.
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FIG. 3. Effects of NEM-AQ on production of the cytokines (A) IL-6, (B) IL-10, (C) IFN-c, and (D) TNF-a by 4-day peripheral blood
mononuclear cell cultures simultaneously exposed to PWM. Supernatants from 4-day peripheral blood mononuclear cell cultures were simul-
taneously assayed for the presence of cytokines using a flow cytometry–based assay. (A) IL-6 production in cultures exposed to serial dilutions of
NEM-AQ showed a strong increase at the highest dose tested (5 g/L), whereas lower concentrations of NEM-AQ had no effect compared with IL-
6 production in cultures exposed to PWM alone. (B) All three concentrations of NEM-AQ decreased IL-10 production in the presence of PWM
about twofold. (C) Production of IFN-c by 4-day cultures exposed to serial dilutions of NEM-AQ in the presence of PWM was affected differently
depending on the concentration of NEM-AQ. These changes were not statistically significant. (D) In the presence of PWM, TNF-a production by
4-day cultures was decreased by the highest concentration of NEM-AQ, whereas lower concentrations of NEM-AQ had no effect on TNF-a
production. Statistically significant differences are indicated (*P < .05). The results shown are mean – SD values from a representative of three
separate lymphocyte proliferation cultures using cells from three different donors.

FIG. 4. Diagram outlining the in vitro digestion procedure. Based on methods pub-
lished in the literature,11–13 a stepwise process was performed that incorporated diges-
tive enzymes derived from pig (porcine) and pH adjustments in order to mimic the
digestive processes occurring in the stomach and small intestine. The final digested
product was returned to physiological pH and subjected to size-exclusion centrifugation
using a 10-kDa filtration column in order to remove the porcine enzymes. This process
was performed with NEM-AQ, resulting in the product referred to as in vitro–digested
NEM (NEM-IVD), as well as with phosphate-buffered saline (PBS), resulting in the
product referred to as PBS-IVD.
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showed a reduction of high-molecular-weight material in
the NEM-IVD sample (Fig. 5) compared with the NEM-AQ
sample, whereas the PBS-IVD sample did not show any
detectable protein.

Suppression of TNF-a production resulting
from treatment of PBMCs with NEM-IVD

In the context of the mitogen PWM, reflecting an in vitro
model of the cellular collaborations in lymphoid tissue, the
native NEM-AQ showed an anti-inflammatory effect only at
the highest dose used, and the effect returned to baseline at
the lower doses. In contrast, NEM-IVD showed significant
anti-inflammatory properties across a wide dose range with

respect to TNF-a production (Fig. 6). The in vitro–digested
saline control (PBS-IVD) had some effects on PBMC cul-
ture proliferation and cytokine production that were differ-
ent from those of saline alone, suggesting the presence of
residual material derived from the in vitro digestion process.
The effects seen at the two lower doses may be most rele-
vant for predicting in vivo outcomes. The data showed that
in the presence of PWM, NEM-AQ had only a minor effect
on TNF-a production, whereas NEM-IVD showed 45–55%
suppression of TNF-a production (P < .04).

DISCUSSION

Osteoarthritis is often considered a local problem cen-
tered on the specific target area where bone and joint
degradation is seen, such as, for example, a knee. However,
osteoarthritis is a systemic disease, involving immune
dysregulation and altered cytokine profile (Fig. 7). In
particular, T cells likely play an important role in the
pathogenesis and progression of osteoarthritis. Osteoar-
thritis involves infiltrating monocytes producing TNF-a.15

It is also believed that peripheral blood leukocytes, which
travel through the tissues of inflamed joints, are activated

FIG. 5. Sodium dodecyl sulfate–polyacrylamide gel electropho-
resis separation of NEM-AQ, NEM-IVD and PBS-IVD. Samples
were separated on a 4–15% polyacrylamide gel using denaturing
conditions, and bands were visualized by silver stain. Molecular
sizes of major bands in the NEM-AQ lane are indicated in kDa on
the left-hand side. This presentation of the data is used to show the
effects of the in vitro digestion of NEM on the molecular weights
of the resulting digested protein products. This comparison shows a
loss of higher-molecular-weight products when comparing NEM-
IVD with the undigested NEM-AQ. Within the sensitivity of
sodium dodecyl sulfate–polyacrylamide gel electrophoresis and
silver stain methods, no residual enzymes or breakdown products
from the in vitro digestion process were detectable in the PBS-IVD
sample.

FIG. 6. Comparison of the effect of NEM-AQ, NEM-IVD, and
PBS-IVD on production of the cytokine TNF-a by 4-day peripheral
blood mononuclear cell cultures simultaneously exposed to PWM.
TNF-a production by cultures exposed to PWM was most affected by
the NEM-IVD extract. At the highest dose of extracts tested (5 g/L),
all three products produced a similar reduction in TNF-a production
of 30–40%. However, it can be argued that this high dose is beyond a
physiological relevant dose after consumption. Therefore, the data for
the two lower doses may be more relevant for predicting in vivo
outcomes. At the two lowest doses of extracts tested, a different
picture emerged. Here NEM-AQ did not affect TNF-a production,
showing cytokine levels similar to baseline (cultures exposed to
PWM alone). The PBS-IVD extract showed some activity, lowering
TNF-a production. However, NEM-IVD had the greatest effect in
lowering TNF-a production. At the 0.5 and 0.05 g/L concentrations,
NEM-IVD lowered TNF-a production by 55% and 45%, respectively.
Statistically significant differences are indicated (*P < .05). The re-
sults shown are mean –SD values from a representative of three
separate lymphocyte proliferation cultures using cells from three
different donors.
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through exposure to locally produced mediators of in-
flammation (i.e., IL-1b, TNF-a, etc.).16 We were therefore
interested in studying cytokine production in peripheral
blood mixed cultures including monocytes. This was ac-
complished through an extended proliferation/cytokine
assay, where both digested and undigested NEM prepara-
tions with appropriate controls were tested in serial dilu-
tions in the presence and absence of mitogens. Two
mitogens were tested in parallel: PHA, which is a T-cell
mitogen that will induce T-cell proliferation, and PWM,
which is a mitogen that requires the collaboration of T
cells, B cells, and monocytes in the culture.

The significance of the data must be interpreted in light
of the specificity of the culture conditions in the presence
of the two separate mitogens, PHA and PWM, as well as
the importance of the sequence in which stimulating agents
were added. PWM is an aqueous extract from Phytolacca
americana (pokeweed) that has mitogenic properties that
involve mechanisms closely mimicking events in lymph
nodes and other immune tissue where antigen presentation
leads to co-stimulation and collaboration of multiple cell
subsets. The mechanisms involve leukocyte aggregation.17

RNA synthesis precedes DNA synthesis by 24 hours, after
which cell division begins, involving up to 60% of the
peripheral blood lymphocyte fraction.18 The activation
process involves T lymphocytes, B lymphocytes, and
phagocytic mononuclear cells19 in tandem and generates
both T cell– and B cell–derived cytokines,20 leading to
generation of immunoglobulin-secreting plasma cells21

and a shift in CD45 isoform expression indicative of
plasma cell differentiation.22 In contrast, an extract from
Phaseolus vulgaris (red kidney bean) called PHA pre-
dominantly activates T lymphocytes, even though some B-
cell activation can be seen as a result of the activated T
cells triggering some B lymphocytes into proliferation.23

Therefore, these two mitogens were used as a method to
shed light on events that are strictly T cell mediated versus

events that require complex cellular collaboration (B cells
and T cells).
The reduction of proliferation in NEM-treated cultures

should not be seen as a suppression of a mitogenic response,
but rather as evidence that NEM has leukocyte signaling
properties of its own. The sequential addition of NEM first,
followed by mitogens after 5 minutes, allowed compounds
in NEM to engage signaling in target cells so when the
mitogens were subsequently added the resultant signal was
diminished.
Because NEM affected both PHA and PWM mitogenic-

ity, but in different ways, this finding suggests specific
mechanisms, including that NEM contains compounds di-
rectly able to modulate T-cell activation, and that NEM also
has immune-modulating properties in the context of a more
physiological activation process, such as in the PWMmodel
of lymphocyte activation.
Cytokine production was affected in the cultures, with

significant changes in three inflammatory cytokines: IL-6,
IFN-c, and TNF-a. It is interesting that this did not change
when NEM was passed through the in vitro digestion pro-
tocol, except for TNF-a. The reduction in TNF-a production
with NEM-IVD was seen at 100-fold lower doses than with
undigested NEM. In the case of PWM stimulation, NEM-
IVD showed anti-inflammatory properties by drastically
reducing the production of TNF-a, in contrast to the mild
increase in TNF-a production when cells were pretreated
with NEM-AQ. Thus, the in vitro digestion potentiated the
anti-inflammatory action of NEM, so that much lower doses
of NEM-IVD were seen to produce similar effects as 25-fold
higher doses of NEM-AQ. This is relevant for suggesting
anti-inflammatory mechanisms in vivo after consumption of
NEM and subsequent digestion in the stomach.
The dose–responses seen in the different assays were in

several cases nonlinear. This may be attributed to several
confounding factors associated with the highest dose, sug-
gesting that the biological effects observed at lower doses
should receive the most attention. It may be argued that the
highest dose we used (5 g/L) exceeds a likely physiologi-
cally relevant dose. However, it may also be argued that this
dose may be reached locally along the intestinal mucosa
after consumption. We suggest that the highest dose (5 g/L)
is quite high and that the biological responses seen at the two
lower doses may be more relevant for predicting in vivo
outcomes. There is also the possibility that calcium may
have been an issue at the highest dose. NEM contains some
calcium from unseparated eggshell, so for the most part this
will be insoluble calcium carbonate. At the 5 g/L dose of
NEM, the amount of calcium present may still be sufficient
to interfere with cellular signaling. Further dilution of NEM
may dilute calcium to insignificant levels. As it is therefore
unlikely that calcium contributed to the different responses
seen at the lowest dose, it cannot be completely ruled out as
a potential mechanism of disturbing or abrogating cellular
signaling at the highest dose used.
In the case of the TNF-a cytokine testing, the most in-

teresting difference between the effects of NEM-AQ and
NEM-IVD was the reduction in TNF-a production in the

FIG. 7. Diagram showing arthritic mechanisms of action involving
T-cell–derived inflammatory cytokines in activation and migration of
phagocytic mononuclear cells into areas of bone destruction. SDF-1,
stromal cell–derived factor-1.
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presence of PWM that occurred with all three concentrations
of NEM-IVD. These reductions in TNF-a production
were strongest with the lowest doses of NEM-IVD, and this
effect was opposite to that seen for NEM-AQ. Although the
in vitro digestion procedure introduced compounds that
were not completely removed by the size exclusion centri-
fugation step and that possessed bioactivity, the digestion
process nevertheless increased the ability of NEM-AQ to
reduce TNF-a production in 4-day PBMC cultures in the
presence of PWM. The effect of NEM-IVD on TNF-a
production in the presence of PWM was also different from
the effect resulting from treatment of PBMC cultures with
PBS-IVD and points to activities unique to the NEM-IVD
product.

In particular, the result of NEM-AQ and NEM-IVD re-
ducing TNF-a production is of interest in terms of identi-
fying mechanisms of action pertaining to arthritis conditions
because this cytokine is known to attract cell infiltration into
arthritic joints and contribute to the inflammation within the
joint.

Comparison of the effects of NEM-AQ and NEM-IVD on
cytokine production by PBMC cultures revealed some dif-
ferences that could not be entirely attributed to activities
derived from the in vitro digestion process itself (such as
enzyme breakdown products or residual bile salts that were
not removed by the size exclusion centrifugation step). This
unique effect of NEM-IVD with respect to TNF-a clearly
warrants efforts to further investigate the effects of in vitro
digestion on NEM. This is of particular importance as sev-
eral biological TNF-a–inhibiting drugs have proven quite
effective in treating arthritis but have been shown to have
infrequent but often severe side effects.24 A treatment, such
as NEM, that has immunomodulatory properties that are
likely more diffuse could potentially avoid the unfortunate
side effects of the currently available biological drugs.
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a b s t r a c t

Natural Eggshell Membrane (NEM�) is a novel dietary ingredient that contains naturally occurring gly-
cosaminoglycans and proteins essential for maintaining healthy joint and connective tissues. NEM�

was evaluated for safety via in vitro and in vivo toxicological studies. This included testing for cytotoxicity,
genotoxicity, acute oral toxicity, and 90-day repeated-dose oral toxicity. NEM� did not exhibit any cyto-
toxic effects at a dose of 100 lg in an in vitro human cell viability assay after incubation for up to 20 h.
NEM� did not exhibit any genotoxic effects in an in vitro assay of four strains of histidine-dependent Sal-
monella typhimurium and one strain of tryptophan-dependent Escherichia coli at a dose of up to 5000 lg/
plate. NEM� did not exhibit any signs of acute toxicity in rats at a single oral dose of up to 2000 mg/kg
body weight, nor signs of toxicity (via urinalysis, hematology, clinical chemistry, or histopathological
evaluation) in rats at a repeated oral dose of up to 2000 mg/kg body weight per day for 90 days. The
results of these studies suggest that NEM� may be safe for human consumption.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Chicken eggs have been a staple of many cultures’ diets for cen-
turies and are well-accepted as being safe to eat. Some cultures are
also known to consume the egg shells and eggshell membranes in
various ways (Freedman, 1981; Long 1913). Eggshell membranes

are an abundant raw material that are a novel source for naturally
occurring bioactive compounds such as glucosamine (Picard et al.,
1973), chondroitin sulfate (Baker and Balch, 1962), hyaluronic acid
(Long et al., 2005), collagen Type I (Wong et al., 1984), and sulfur-
rich proteins (Tsai et al., 2006). In US alone, an estimated
600,000 tons of eggshells are produced annually as a by-product
of the egg products industry (United Nations Food and Agricultural
Organization, 2004). Disposal of these eggshells creates an envi-
ronmental and financial burden and, therefore, alternative uses
for these materials are of obvious benefit. Technologies have re-
cently emerged that allow for the efficient separation of the egg-
shell membranes from the egg shell commercially, making
possible the development of value-added products from both
materials (Adams and Franklin, 2006).

Egg shells are a natural source for calcium and have been evalu-
ated for safety in a number of animal and human studies carried out
primarily in Europe and Asia (Hirasawa et al., 2001; Schaafsma and
Beelen, 1999; Schaafsma and Pakan, 1999; Stancikova et al., 1996;
Svik et al., 1996). Eggshell meal (both shell and membrane) has
been officially recognized by the Association of American Feed
Control Officials (AAFCO) as safe as a feed additive for both compan-
ion and livestock animals since 1982 (Association of American Feed
Control Officials Official Publication, 2009). To our knowledge, how-
ever, eggshellmembrane or its derivatives have not previously been
evaluated for safety through standard in vitro and in vivo toxicolog-
ical studies. To this end, NEM�, an eggshell membrane derived
product for oral administration, was evaluated for cytotoxicity,

0278-6915/$ - see front matter � 2012 Elsevier Ltd. All rights reserved.
doi:10.1016/j.fct.2011.12.036
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genotoxicity, acute oral toxicity, and 90-day repeated dose oral
toxicity. The results of these studies are presented herein.

2. Materials and methods

2.1. Preparation and storage of NEM�

ESM Technologies, LLC (Carthage, MO, USA) has developed a ‘‘green’’ manufac-
turing process to efficiently and effectively separate eggshell membrane from egg-
shells on a commercial scale to create an essentially shell-free eggshell membrane
(Adams and Franklin, 2006). The isolated membrane is then partially hydrolyzed in
an aqueous medium using a proprietary process and dry-blended to produce Natu-
ral Eggshell Membrane (NEM�) powder. Compositional analysis of NEM� conducted
by ESM has identified a high content of protein and moderate quantities of gluco-
samine, chondroitin sulfate, hyaluronic acid, and collagen. The composition of
NEM� has been found to be quite consistent between different manufacturing
batches, as well as with differing sources of eggs (i.e. White Leghorn versus Rhode
Island Red chickens). Real-time stability studies have demonstrated that NEM� can
be stored under ambient conditions for later use for up to 3 years from the date of
manufacture.

2.2. Cytotoxicity evaluation

Cytotoxicity testing was performed by Consumer Product Testing Company
(Fairfield, NJ USA). Human-derived epidermal keratinocytes (EpiDerm™ in vitro
cytotoxicity system, MatTek Corp., Ashland, MA USA) were incubated with either
distilled water (negative control), 100 lg of NEM� in 100 lL of distilled water, or
100 lL of 1% Triton X-100 (positive control) at 37 �C (5% carbon dioxide and
P90% humidity) for 1, 4.5, and 20 h. Following the incubation period, the samples
were evaluated for keratinocyte viability. Cell viability was determined through the
use of a yellow water-soluble tetrazolium salt (MTT) that is reduced to a purple

formazan derivative by succinate dehydrogenase in the mitochondria of viable cells.
Substances that damage this mitochondrial enzyme inhibit the reduction of MTT.
Therefore the amount of MTT reduced in a cell culture is proportional to the number
of viable cells. A Dynatech MR 4000 Automatic Microplate Reader (Dynatech Labo-
ratories, Inc., Alexandria, VA USA) was used to determine the absorbance of UV light
in each sample at 570 nm. The absorbance of the negative control was defined as
100% viability for test article and positive control evaluation.

2.3. Mutagenicity evaluation

Mutagenicity (Ames Reverse Mutation test) testing was performed by Pharma-
ceutical Control and Development Laboratory Co. Ltd. (Budapest, Hungary) accord-
ing to the OECD Guideline for Testing of Chemicals (Guideline No. 471, adopted 21
July 1997). A preliminary cytotoxicity assessment was performed at 5, 10, 50, 100,
500, 1000, and 5000 lg/plate to determine the appropriate dose range for mutage-
nicity evaluation. As no significant cytotoxic effect was observed, the five highest
doses were then used in the subsequent mutagenicity evaluation. To evaluate
mutagenicity, four strains of histidine-dependent Salmonella typhimurium (TA98,
TA100, TA1535, and TA1537) and one strain of tryptophan-dependent Escherichia
coli (WP2) (Xenometrix GmbH, Switzerland) were tested in triplicate at the five
highest doses (50, 100, 500, 1000, and 5000 lg/plate) of NEM� in both the presence

Table 1
Percent of viable cells in NEM� and Triton X-100 (positive control) treated samples
after various incubation periods in the EpiDerm™ in vitro cytotoxicity system.

Incubation period (h) NEM� Triton X-100

1 122 79
4.5 104 27
20 101 6

Table 2
Revertant colonies per plate of histidine-dependent Salmonella typhimurium (TA98, TA100, TA1535, and TA1537) and tryptophan-dependent Escherichia coli (WP2) in control
(0 lg/plate) and NEM� dosed plates (50–5000 lg/plate), both in the presence and absence of Aroclor™ 1254-induced rat liver S9 metabolic activation system in the Ames Reverse
Mutation Test.

Dose (lg/plate) Bacterial strains evaluated

No activation With S9 activation

TA98 TA100 TA1535 TA1537 WP2 TA98 TA100 TA1535 TA1537 WP2

0 31 ± 3 176 ± 11 25 ± 3 9 ± 2 87 ± 9 42 ± 5 178 ± 14 23 ± 2 8 ± 3 97 ± 6
50 35 ± 3 181 ± 9 26 ± 3 10 ± 2 85 ± 6 39 ± 5 179 ± 7 22 ± 4 9 ± 3 96 ± 7
100 32 ± 3 179 ± 12 28 ± 6 9 ± 2 87 ± 14 43 ± 3 179 ± 8 21 ± 2 7 ± 3 95 ± 17
500 33 ± 5 176 ± 11 22 ± 3 12 ± 1 94 ± 12 39 ± 3 177 ± 15 22 ± 4 8 ± 2 96 ± 9
1000 33 ± 2 181 ± 11 23 ± 3 11 ± 3 86 ± 9 40 ± 7 179 ± 8 21 ± 1 10 ± 1 95 ± 12
5000 32 ± 3 177 ± 5 26 ± 4 10 ± 1 90 ± 10 40 ± 4 178 ± 11 20 ± 4 10 ± 2 98 ± 8

Values represent means ± standard deviations.

Fig. 1. Mean daily food consumption during 90-day oral toxicological evaluation of NEM� (0, 400, and 2000 mg/kg bw/day) in rats.
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and absence of Aroclor™ 1254-induced rat liver S9 metabolic activation system
(Trinova Biochem GmbH, Germany). Both positive controls (9-aminoacridine, 2-
aminoanthracene, benzo-a-pyrene, methyl methanesulfonate, 2-nitrofluorene,
and sodium azide) with and without S9 activator and negative controls (sterile dis-
tilled water) with and without S9 activator were included in the evaluation. This
was done to ensure the test system was functioning properly (positive controls)
and to obtain baseline revertant frequencies for the various strains of bacteria used
in the study (negative controls). The plates were counted after 72 h of incubation at
37 �C. Results of the initial assay were confirmed with a repeated assay using a 2.5�
increase in S9 activator.

2.4. Animal models of toxicology

2.4.1. Acute oral toxicity in rats
Testing was performed by Pharmaceutical Control and Development Laboratory

Co. Ltd. (Budapest, Hungary) following U.S. Food and Drug Administration, Title 21,
Code of Federal Regulations, Part 58: Good Laboratory Practices (GLP) Regulations
for Nonclinical Laboratory Studies (21 CFR 58). No more than 20 min prior to use,
NEM� powder was suspended in 1% methylcellulose in distilled water at a concen-
tration of 100 mg/mL and 200 mg/mL, corresponding to a dose volume of 10 mL/kg.
After a 16-h fasting period, the NEM� suspension was administered as a single dose
at either 1000 or 2000 mg/kg body weight (bw) by oral gavage to 6-week-old Spra-
gue–Dawley (Crl:CD) rats (Charles River Laboratories Hungary Ltd., Isaszeg, Hun-
gary) in groups of 10 (five animals per sex per group, randomized by weight
within an interval of ±20% from the mean, M: 199 ± 5.6 g bw, F: 147 ± 7.3 g bw).
The rats were acclimatized for 5 days prior to study commencement and were
housed individually in cages under standard experimental conditions (22 ± 3 �C;
30–70% humidity; 12-h light/dark cycle) and had access to standard rat chow (Ssniff
SM R/M � Z + H, Ssniff Spezialdiäten GmbH, Germany) and water ad libitum. The
rats were observed daily for 14 days following administration of the test article
for mortality and clinical signs of toxicity (changes in gait, posture, skin, fur, eyes,
or mucous membranes; occurrence of diarrhea, lacrimation, unusual respiratory
pattern, somnolence, clonic or tonic movements, etc.). On day 15, all animals were
euthanized by hyperanesthesia and underwent gross pathological examination for
signs of toxicity via necropsy.

2.4.2. 90-day oral toxicity in rats
Testing was performed by Ricerca Biosciences, LLC (Concord, OH, USA) follow-

ing U.S. Food and Drug Administration, Title 21, Code of Federal Regulations, Part
58: Good Laboratory Practices (GLP) Regulations for Nonclinical Laboratory Studies
(21 CFR 58). The test article was prepared weekly by suspending NEM� powder in

0.5% methylcellulose in distilled water at a concentration of 40 and 200 mg/mL, cor-
responding to a dose volume of 10 mL/kg. The test article was stored at approxi-
mately 4 �C with constant stirring between daily uses. The NEM� suspension was
administered daily at doses of 0 (control, vehicle only), 400, or 2000 mg/kg bw/
day by oral gavage to 9-week-old Sprague–Dawley (Crl:CD) rats (Charles River Lab-
oratories Inc., Portage, MI, USA) in groups of 10 (five animals per sex per group, ran-
domized by weight within an interval of ±6% from the mean, M: 264.2 ± 8.9 g bw, F:
206.6 ± 7.7 g bw) for 90 consecutive days. The rats were acclimatized for 7 days
prior to study commencement and were housed individually in cages under stan-
dard experimental conditions (22 ± 3 �C; 30–70% humidity; 12-h light/dark cycle;
minimum 10 room air changes per hour) and had access to standard rat chow (Tek-
lad Global Diet 2016, Harlan Laboratories, Indianapolis, IN, USA) and water ad libi-
tum. The rats were observed twice daily (at least 6 h apart) following administration
of the test article for mortality and clinical signs of toxicity (described previously)
during the 90-day study period.

The animals were placed in metabolism caging overnight and urine excreted by
each animal was collected on day 91 for urinalysis. The parameters for urinalysis
included: volume, color, clarity, specific gravity, pH, occult blood, protein, leuko-
cytes, bilirubin, ketones, glucose, nitrite, and urobilinogen. On day 91, all animals
were euthanized by hyperanesthesia and underwent gross pathological examina-
tion for signs of toxicity via necropsy. All organs, mucosa, body cavities, etc. were
examined for gross pathological changes. Major organs and major endocrine glands
(pituitary, adrenal, thymus, thyroid, sex, etc.) were weighed and organ/body weight
ratios and organ/brain weight ratios were calculated. Tissue samples from select or-
gans (adrenal glands, brain, heart, kidneys, liver, lungs, pancreas, and spleen) from
the control and 2000 mg/kg test animals were preserved, fixed, and stained (hema-
toxylin and eosin) for histopathological evaluation via light microscopy. Using
whole blood, hematological and coagulation analyses were carried out. The param-
eters for hematological analysis included: red blood cell count (RBC), reticulocyte
count (ABSRET), hemoglobin (HGB), hematocrit (HCT), mean corpuscular hemoglo-
bin (MCH), mean corpuscular hemoglobin concentration (MCHC), mean corpuscular
volume (MCV) and white blood cell count (WBC) (including lymphocyte, monocyte,
basophil, eosinophil, and neutrophil distribution). The parameters for coagulation
analysis included: platelet count (PLAT), mean platelet volume (MPV), prothrombin
time (PT), and activated partial thromboplastin time (APTT). Additionally, clinical
chemistry was evaluated including sodium (NA), potassium (K), calcium (CA), chlo-
ride (CL), glucose (GLU), creatinine (CREA), total bilirubin (TBILI), urea nitrogen
(BUN), total protein (TPRO), albumin (ALB), globulin (GLOB), albumin/globulin ratio
(A/G), cholesterol (CHOL), triglycerides (TRIG), alkaline phosphatase (ALP), lactate
dehydrogenase (LDH), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), gamma-glutamyltransferase (GGT), creatine phosphokinase (CK), and inor-
ganic phosphorus (PHOS).

Fig. 2. Average body weight during 90-day oral toxicological evaluation of NEM� (0, 400, and 2000 mg/kg bw/day) in rats.
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2.5. Statistical analysis

Where appropriate, numeric data were evaluated statistically. For compara-
tive statistics, data determined to be parametric were evaluated by univariate
analysis of variance (ANOVA). If ANOVA verified significance at p 6 0.05, pairwise

comparisons of treatment group(s) with the control group were made using a
parametric test to identify statistical differences (p 6 0.05). SYSTAT software
(version 12) (Systat Software, Inc., San Jose, CA, USA) and Provantis soft-
ware (version 8) (Instem LSS Ltd., Staffordshire, UK) were used for statistical
analyses.

Table 3
Summary of organ weight data after 90-day oral administration of NEM�. Data are shown as means ± standard deviations (n = 5).

Male Female

Dose (mg/kg body weight/d) Dose (mg/kg body weight/d)

0 400 2000 0 400 2000

Mean organ weights (g)
Body Weight 513.6 ± 60.7 498.6 ± 56.7 505.1 ± 53.2 278.0 ± 21.2 300.8 ± 15.8 298.4 ± 10.0
Brain 2.08 ± 0.12 2.18 ± 0.11 2.09 ± 0.06 1.94 ± 0.05 1.89 ± 0.15 1.92 ± 0.08
Liver 12.77 ± 1.94 12.72 ± 1.55 13.26 ± 1.63 7.37 ± 0.90 7.87 ± 0.47 7.73 ± 0.37
Heart 1.55 ± 0.11 1.74 ± 0.09* 1.61 ± 0.13 1.06 ± 0.14 1.07 ± 0.07 1.07 ± 0.18
Lungs 2.24 ± 0.36 2.49 ± 0.42 2.91 ± 0.71 1.88 ± 0.37 1.69 ± 0.20 1.95 ± 0.27
Kidneys 2.79 ± 0.15 3.08 ± 0.30 3.30 ± 0.10** 1.90 ± 0.12 1.90 ± 0.18 1.84 ± 0.15
Spleen 0.957 ± 0.129 0.926 ± 0.182 0.925 ± 0.202 0.478 ± 0.054 0.546 ± 0.027 0.497 ± 0.065
Testes 3.51 ± 0.21 3.46 ± 0.30 3.64 ± 0.20 – – –
Epididymides 1.56 ± 0.16 1.72 ± 0.11 1.72 ± 0.23 – – –
Ovaries – – – 0.102 ± 0.028 0.127 ± 0.053 0.164 ± 0.017*

Uterus – – – 0.767 ± 0.102 0.816 ± 0.139 0.751 ± 0.129
Adrenal glands 0.063 ± 0.015 0.056 ± 0.011 0.065 ± 0.008 0.072 ± 0.013 0.073 ± 0.004 0.080 ± 0.013
Thymus 0.352 ± 0.104 0.418 ± 0.145 0.412 ± 0.118 0.318 ± 0.051 0.337 ± 0.026 0.341 ± 0.076

Mean organ weight relative to body weight (g/kg)
Brain 4.10 ± 0.52 4.41 ± 0.58 4.18 ± 0.42 7.02 ± 0.66 6.28 ± 0.44 6.43 ± 0.39
Liver 24.80 ± 1.32 25.51 ± 1.12 26.21 ± 0.58 26.46 ± 2.12 26.16 ± 0.45 25.91 ± 1.54
Heart 3.03 ± 0.19 3.53 ± 0.33 3.19 ± 0.21* 3.79 ± 0.36 3.56 ± 0.20 3.58 ± 0.53
Lungs 4.39 ± 0.72 5.01 ± 0.75 5.77 ± 1.34 6.74 ± 0.94 5.64 ± 0.88 6.56 ± 1.10
Kidneys 5.48 ± 0.45 6.24 ± 0.89 6.58 ± 0.52 6.85 ± 0.56 6.33 ± 0.56 6.18 ± 0.65
Spleen 1.88 ± 0.34 1.86 ± 0.31 1.84 ± 0.42 1.72 ± 0.19 1.82 ± 0.05 1.66 ± 0.21
Testes 6.89 ± 0.62 6.99 ± 0.91 7.30 ± 1.07 – –– –
Epididymides 3.07 ± 0.52 3.48 ± 0.28 3.47 ± 0.82 – – –
Ovaries – – – 0.371 ± 0.110 0.425 ± 0.181 0.551 ± 0.068
Uterus – – – 2.77 ± 0.40 2.70 ± 0.36 2.52 ± 0.48
Adrenal glands 0.123 ± 0.024 0.111 ± 0.020 0.130 ± 0.025 0.259 ± 0.052 0.242 ± 0.025 0.269 ± 0.042
Thymus 0.681 ± 0.173 0.821 ± 0.198 0.829 ± 0.283 1.15 ± 0.22 1.12 ± 0.09 1.14 ± 0.23

Mean organ weight relative to brain weight (g/g)
Liver 6.15 ± 1.04 5.87 ± 0.89 6.34 ± 0.79 3.80 ± 0.47 4.18 ± 0.21 4.04 ± 0.22
Heart 0.743 ± 0.055 0.803 ± 0.055 0.767 ± 0.061 0.544 ± 0.068 0.568 ± 0.028 0.560 ± 0.092
Lungs 1.07 ± 0.15 1.15 ± 0.20 1.39 ± 0.32 0.972 ± 0.190 0.898 ± 0.118 1.02 ± 0.15
Kidneys 1.34 ± 0.11 1.42 ± 0.21 1.58 ± 0.06 0.977 ± 0.048 1.01 ± 0.04 0.960 ± 0.055
Spleen 0.460 ± 0.065 0.425 ± 0.072 0.443 ± 0.101 0.247 ± 0.034 0.290 ± 0.013 0.259 ± 0.030
Testes 1.69 ± 0.07 1.59 ± 0.18 1.74 ± 0.10 – – –
Epididymides 0.750 ± 0.106 0.794 ± 0.067 0.823 ± 0.121 – – –
Ovaries – – – 0.053 ± 0.015 0.067 ± 0.024 0.086 ± 0.008*

Uterus – – – 0.396 ± 0.060 0.435 ± 0.081 0.393 ± 0.072
Adrenal glands 0.030 ± 0.007 0.026 ± 0.006 0.031 ± 0.005 0.037 ± 0.007 0.039 ± 0.005 0.042 ± 0.008
Thymus 0.170 ± 0.054 0.193 ± 0.072 0.198 ± 0.060 0.164 ± 0.025 0.180 ± 0.024 0.179 ± 0.044

– = No data.
* p < 0.05.
** p < 0.01.

Table 4
Urinalysis parameters after 90-day oral administration of NEM� (0, 400, and 2000 mg/kg bw/day) in rats. Data are shown as means ± standard deviations (n = 5).

Male Female

Dose (mg/kg bw/day) Dose (mg/kg bw/day)

0 400 2000 0 400 2000

VOL (mL) 12.4 ± 5.9 14.4 ± 3.4 10.2 ± 5.9 6.2 ± 3.4 8.4 ± 3.2 9.8 ± 5.5
pH 6.5 ± 0.4 6.8 ± 0.5 6.8 ± 0.6 6.3 ± 0.3 6.4 ± 0.2 6.4 ± 0.2
SG 1.03 ± 0.02 1.03 ± 0.01 1.04 ± 0.02 1.04 ± 0.01 1.04 ± 0.02 1.03 ± 0.02
UGLU (mg/dL) NEG NEG NEG NEG NEG NEG
UBILI NEG NEG NEGc NEG NEG NEG
KET (mg/dL) 3.2 ± 6.6 0.2 ± 0.0 6.6 ± 7.7 NEG NEGc NEGc

URO (mg/dL) 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0
UPRO (mg/dL) 18.4 ± 15.9 30.0 ± 0.0 38.2 ± 36.8 12.4 ± 16.1 6.4 ± 13.2 6.2 ± 13.3
NIT NEG NEGc NEG NEG NEGc NEGc

LEU NEGc NEG NEGc NEG NEG NEG
BLD NEG NEG NEG NEG NEG NEG

VOL = volume, SG = specific gravity, UGLU = urinary glucose, UBILI = urinary bilirubin, KET = ketones, URO = urobilinogen, UPRO = urinary protein, NIT = nitrite, LEU = leu-
kocytes, BLD = occult blood, NEG = negative, a = p < 0.05, b = p < 0.01, c = 1 animal positive.
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Table 5
Hematological parameters after 90-day oral administration of NEM� (0, 400, and 2000 mg/kg bw/day) in rats. Data are shown as means ± standard deviations (n = 5).

Male Female

Dose (mg/kg body weight/d) Dose (mg/kg body weight/d)

0 400 2000 0 400 2000

RBC (M/lL) 8.6 ± 0.7 9.1 ± 0.5 8.8 ± 0.2 8.1 ± 0.2 8.1 ± 0.6 8.3 ± 0.3
ABSRET (X109/L) 225 ± 45 206 ± 36 202 ± 39 148 ± 41 178 ± 56 194 ± 40
HGB (g/dL) 14.7 ± 1.0 15.6 ± 0.6 15.1 ± 0.6 14.8 ± 0.4 14.6 ± 0.7 15.0 ± 0.4
HCT (%) 45.4 ± 3.9 48.6 ± 2.1 46.5 ± 2.3 44.8 ± 0.8 44.4 ± 3.0 46.1 ± 1.2
MCH (pg) 17.0 ± 0.2 17.1 ± 0.6 17.3 ± 0.3 18.4 ± 0.2 17.9 ± 0.9 18.1 ± 0.4
MCHC (g/dL) 32.4 ± 0.8 32.1 ± 0.3 32.5 ± 1.1 33.1 ± 0.7 32.8 ± 0.8 32.6 ± 0.1
MCV (fL) 52.6 ± 0.7 53.3 ± 2.0 53.0 ± 1.6 55.4 ± 1.1 54.6 ± 2.1 55.6 ± 1.2
WBC (K/uL) 12.9 ± 3.7 15.3 ± 5.3 15.1 ± 5.0 4.0 ± 0.6 3.4 ± 0.6 4.1 ± 1.1
LYMPH (K/uL) 9.4 ± 3.3 12.1 ± 3.8 11.8 ± 4.6 3.3 ± 0.7 2.8 ± 0.5 3.4 ± 1.1
MONO (K/uL) 0.38 ± 0.14 0.48 ± 0.31 0.40 ± 0.16 0.11 ± 0.04 0.09 ± 0.02 0.09 ± 0.03
BAS (K/uL) 0.03 ± 0.01 0.04 ± 0.02 0.05 ± 0.02 0.004 ± 0.006 0.0 ± 0.0 0.006 ± 0.006
EOS (K/uL) 0.16 ± 0.06 0.16 ± 0.06 0.17 ± 0.04 0.06 ± 0.03 0.05 ± 0.02 0.06 ± 0.02
NEUT (K/uL) 2.8 ± 1.4 2.4 ± 1.4 2.6 ± 1.4 0.5 ± 0.3 0.5 ± 0.1 0.6 ± 0.2

RBC = red blood cell count, ABSRET = absolute reticulocytes, HGB = hemoglobin, HCT = hematocrit, MCH = mean corpuscular hemoglobin, MCHC = mean corpuscular hemo-
globin concentration, MCV = mean corpuscular volume, WBC = white blood cell count, LYMPH = lymphocytes, MONO = monocytes, BAS = basophils, EOS = eosinophils,
NEUT = neutrophils, a = p < 0.05, b = p < 0.01.

Table 6
Coagulation-related parameters after 90-day oral administration of NEM� (0, 400, and 2000 mg/kg bw/day) in rats. Data are shown as means ± standard deviations (n = 5).

Male Female

Dose (mg/kg body weight/d) Dose (mg/kg body weight/d)

0 400 2000 0 400 2000

PLAT (K/uL) 1189 ± 247 962 ± 200 887 ± 127 1061 ± 161 957 ± 228 959 ± 281
MPV (fL) 8.2 ± 0.3 8.5 ± 0.5 8.2 ± 0.4 8.2 ± 0.2 8.4 ± 0.1 8.1 ± 0.4
PT (s) 20.9 ± 1.1 19.1 ± 0.6a 20.3 ± 1.1 19.0 ± 1.8 18.4 ± 1.0 18.8 ± 0.9
APTT (s) 15.6 ± 1.3 14.9 ± 1.9 16.4 ± 1.5 15.8 ± 1.2 13.1 ± 1.6b 13.9 ± 0.6a

PLAT = platelets, MPV = mean platelet volume, PT = prothrombin time, APTT = activated partial thromboplastin time, a = p < 0.05, b = p < 0.01.

Table 7
Clinical chemistry parameters after 90-day oral administration of NEM� (0, 400, and 2000 mg/kg bw/day) in rats. Data are shown as means ± standard deviations (n = 5).

Male Female

Dose (mg/kg body weight/d) Dose (mg/kg body weight/d)

0 400 2000 0 400 2000

NA (mmol/L) 149 ± 2 150 ± 2 151 ± 2 148 ± 1 149 ± 1 150 ± 0
K (mmol/L) 6.2 ± 0.4 5.8 ± 0.4 6.3 ± 0.6 5.7 ± 0.6 6.4 ± 0.7 6.1 ± 0.8
CA (mg/dL) 11.7 ± 0.6 11.5 ± 0.7 12.1 ± 0.4 12.5 ± 0.7 13.0 ± 0.4 12.7 ± 0.6
CL (mmol/L) 100 ± 4 102 ± 3 103 ± 2 103 ± 2 102 ± 3 106 ± 4
GLU (mg/dL) 164 ± 48 192 ± 49 198 ± 38 168 ± 42 158 ± 21 165 ± 52
CREA (mg/dL) 0.52 ± 0.04 0.54 ± 0.05 0.50 ± 0.07 0.66 ± 0.05 0.64 ± 0.05 0.70 ± 0.19
TBILI (mg/dL) 0.10 ± 0.00 0.04 ± 0.05 0.08 ± 0.04 0.10 ± 0.00 0.10 ± 0.00 0.10 ± 0.00
BUN (mg/dL) 16.0 ± 2.3 14.6 ± 3.5 13.0 ± 0.7 17.8 ± 3.3 14.2 ± 2.2 21.2 ± 9.0
TPRO (g/dL) 6.6 ± 0.5 6.6 ± 0.6 6.7 ± 0.2 7.8 ± 0.7 7.8 ± 0.3 7.5 ± 0.4
ALB (g/dL) 4.1 ± 0.2 4.2 ± 0.4 4.3 ± 0.2 5.0 ± 0.6 5.2 ± 0.2 4.8 ± 0.3
GLOB (g/dL) 2.5 ± 0.3 2.4 ± 0.2 2.4 ± 0.2 2.7 ± 0.2 2.7 ± 0.1 2.7 ± 0.2
A/G (Ratio) 1.7 ± 0.1 1.7 ± 0.1 1.8 ± 0.2 1.8 ± 0.3 1.9 ± 0.1 1.8 ± 0.1
CHOL (mg/dL) 71 ± 10 63 ± 18 66 ± 21 96 ± 17 97 ± 35 81 ± 15
TRIG (mg/dL) 90 ± 37 79 ± 37 76 ± 24 56 ± 10 62 ± 24 55 ± 8
ALP (U/L) 92 ± 22 92 ± 16 105 ± 22 56 ± 17 56 ± 28 58 ± 21
LDH (U/L) 100 ± 26 128 ± 57 123 ± 43 87 ± 21 109 ± 60 92 ± 30
AST (U/L) 75 ± 11 89 ± 28 75 ± 9 97 ± 38 96 ± 55 85 ± 18
ALT (U/L) 35.8 ± 3.7 42.4 ± 9.1 35.6 ± 2.9 48 ± 23 45 ± 31 41 ± 12
GGT (U/L) 0.0 ± 0.0 0.2 ± 0.4 0.2 ± 0.4 0.2 ± 0.4 0.2 ± 0.4 0.6 ± 0.5
CK (U/L) 252 ± 224 276 ± 155 261 ± 144 135 ± 72 355 ± 385 215 ± 112
PHOS (mg/dL) 8.9 ± 1.1 9.1 ± 1.4 9.8 ± 0.5 8.3 ± 1.4 8.2 ± 1.8 9.0 ± 2.1

NA = sodium, K = potassium, CA = calcium, CL = chloride, GLU = glucose, CREA = creatinine, TBILI = total bilirubin, BUN = urea nitrogen, TPRO = total protein, ALB = albumin,
GLOB = globulin, A/G = albumin/globulin ratio, CHOL = cholesterol, TRIG = triglycerides, ALP = alkaline phosphatase, lactate LDH = dehydrogenase, AST = aspartate amino-
transferase, ALT = alanine aminotransferase, GGT = gamma-glutamyltransferase, CK = creatine phosphokinase, PHOS = inorganic phosphorus, a = p < 0.05, b = p < 0.01.
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3. Results

3.1. Test article compositional analysis

Because of the complexity of many natural products, it is diffi-
cult to narrowly define their composition. For this reason, a num-
ber of nutritive and/or bioactive molecules are used collectively to
define the composition of NEM�. Additional physical characteris-
tics (i.e. particle size, bulk density, etc.) as well as microbiological
contaminants are also utilized to characterize NEM. A typical com-
positional analysis would be: Total Protein – 40–60%, Collagen –
10–20%, Hyaluronic Acid – 0.5–2%, Chondroitin Sulfate – 0.2–1%,
Particle Size – 2–6% retained on #60 mesh, Loose Density – 0.6–
0.9 g/cc, Moisture – 3–8%, Total Plate Count – <5000 cfu/g, Yeasts
and Molds – <100 cfu/g, E. coli – Negative/10 g, Salmonella – Neg-
ative/10 g, and Staphylococcus aureus – Negative/10 g.

3.2. Cytotoxicity evaluation

There was no inhibition in cell viability observed in test article
dosed samples at any of the time points evaluated. Percent viability
results from the comparison of NEM� to Triton X-100 are reported
in Table 1. These data were then used to determine (by interpola-
tion, if necessary) the time at which 50% viability (ET-50) is or
would be reached. NEM� has an ET-50 >24 h, whereas Triton X-
100 has an ET-50 of 2.3 h.

3.3. Mutagenicity evaluation

There were no significant revertant mutation rates observed
exceeding the background average (spontaneous reversions) either
with or without S9 metabolic activation in any of the bacterial
strains assayed (see Table2). Additionally, therewasnodose-related
increase in reversion rates over the range tested (50–5000 lg/plate).

The results of a repeated assay with 2.5� more S9 activator con-
firmed the negative results of the initial assay (data not shown).

3.4. Animal models of toxicology

3.4.1. Acute oral toxicity in rats
No deaths occurred during the 14-day post-treatment evalua-

tion period. There were no treatment-related clinical signs of tox-
icity observed during the evaluation period nor was any weight
loss observed in any animals. Finally, no treatment-related gross
pathological changes were observed in any organs of the test ani-
mals during necropsy. The results of this evaluation show that
the single oral dose resulted in an LD50 of greater than 2000 mg/
kg bw and indicates a low order of acute toxicity.

3.4.2. 90-day oral toxicity in rats
No deaths occurred during the 90-day evaluation period. There

were no treatment-related clinical signs of toxicity observed dur-
ing the evaluation period. There were no statistically significant
differences in average daily food consumption (Fig. 1) or body
weight gain (Fig. 2) between control and treatment groups during
the evaluation period.

Organ weights, organ/body weight ratios, and organ/brain
weight ratios were within normal ranges for all test animals (Table
3). There were a small number of minor organ weight variations
that were not dose-dependent and were not considered treat-
ment-related effects. There was a statistically significant difference
in mean absolute ovary weight (p < 0.05) and ovary/brain weight
ratio (p < 0.05) between the control and 2000 mg/kg bw/day treat-
ment group. Due to the possibility of a treatment-related effect,
ovaries from the 2000 mg/kg bw/day treatment group were in-
cluded in the histopathological evaluation. There were no correla-
tive abnormal histomorphologic findings upon examination and
the mean weights were within historic controls for the conducting
lab. Therefore, the increased ovary weight was considered a result

Table 8
Summary of histopathological findings after 90-day oral administration of NEM�. Listed organs are only those with findings, however all organs and tissues described in the study
protocol were examined. Data are shown as number of animals with findings/number of animals examined.

Male Female

Dose (mg/kg body weight/d) Dose (mg/kg body weight/d)

0 400 2000 0 400 2000

Adrenal glands
Minimal diffuse bilateral congestion 0/5 – 0/5 1/5 – 1/5
Cervical lymph node
Dark red discoloration 1/5 0/5 1/5 0/5 0/5 0/5

Heart
Minimal mononuclear cell infiltration 1/5 – 3/5 0/5 – 1/5
Mild mononuclear cell infiltration 1/5 – 1/5 0/5 – 0/5

Kidneys
Minimal chronic progressive nephropathy 2/5 – 2/5 2/5 – 1/5

Liver
Minimal mononuclear cell infiltration 4/5 – 4/5 3/5 – 5/5

Lungs
Minimal acute hemorrhage 3/5 – 2/5 1/5 – 1/5
Marked acute multifocal hemorrhage 0/5 – 1/5 0/5 – 0/5
Pleural lymphoplasmacytic inflammation 0/5 – 0/5 1/5 – 0/5

Ovaries
Decreased corpora lutea – – – 1/5 1/5 0/5
Pancreas
Mild subacute interstitial inflammation 1/5 – 0/5 0/5 – 0/5

Thymus
Dark red pinpoint discoloration 3/5 1/5 3/5 0/5 0/5 0/5

– = No data.
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of individual animal variation and not a treatment-related effect.
Urinalysis results were unremarkable (Table 4). Hematological
evaluation was unremarkable (Table 5). Coagulation analysis pre-
sented minor differences that were not dose-dependent and were
therefore not considered treatment-related effects (Table 6). Clini-
cal chemistry evaluation was unremarkable (Table 7). Upon gross
pathological evaluation at the end of the study period, there were
a number of minor findings (Table 8) that presented in both the
control and treatment animals, and so were not deemed a treat-
ment-related effect. Based on the results of this study the NOEL
(No Observable Effect Level) is 2000 mg/kg bw/day (the highest
dose level administered).

4. Discussion

NEM� has been shown to naturally contain a number of compo-
nents such as glucosamine, chondroitin sulfate, dermatan sulfate,
hyaluronic acid, collagen, etc. that are found in joints and connective
tissues and are thought to be beneficial when consumed. Recently,
NEM� has been shown to be clinically effective at 500 mg per day
in reducing joint pain and stiffness (Ruff et al., 2009b) and increas-
ing flexibility (Ruff et al., 2009a) in a number of human trials. As
evidence increases to support NEM� as a natural therapeutic for
osteoarthritis and other diseases of the joints and connective
tissues, it is important to demonstrate through peer-reviewed pub-
lication that adequate safety studies have previously been con-
ducted to support the use of this product in dietary supplements
or food products that are expected to be consumed chronically by
humans. Although a food-based product such as eggshell
membrane would be expected to be inherently safe, the source of
bioactivity for NEM� remains to be determined. And so a safety
evaluation was initiated to further support its anticipated
consumption.

None of the known constituents of eggshell membrane have
been previously found in the literature to be substantially cyto-
toxic independently in normal cellular assays (Anderson et al.,
2005; Necas et al., 2008), however, it was important to demon-
strate a lack of cytotoxicity collectively, and also that an as yet un-
known constituent of eggshell membrane would not prove to be
cytotoxic. NEM� did not exhibit signs of significant cytotoxicity
in a human-derived epidermal keratinocyte in vitro assay, reported
herein. This is supported by findings from a recent in vitro study
(unpublished results) involving human peripheral blood mononu-
clear cells (PBMCs) in which there was also no indication of cyto-
toxicity from NEM� exposure.

As eggshell membrane plays a substantial role in embryonic
development in a fowl, there would be no reason to expect eggshell
membrane or its derivatives to possess mutagenic activity. This is
indeed what was found. NEM� did not exhibit signs of significant
mutagenicity (Ames Reverse Mutation Study) either in the pres-
ence or absence of a metabolic activator. NEM� was evaluated over
a fairly broad concentration range (50–5000 lg/plate) with no
indication of a dose-related mutagenic effect, including a repeated
assay with 2.5� increased metabolic activator.

People likely ingest small amounts of eggshell membrane when
consuming hard-boiled and soft-boiled eggs, as the membrane can
sometimes be difficult to avoid completely during consumption.
There have been no reports in the literature of toxicity from this
low-level, chronic (albeit intermittent) ingestion of eggshell mem-
brane. Again, this is not unexpected from food-based materials,
and this would be expected to hold true for more substantial quan-
tities of eggshell membranes or its derivatives. Additionally, in
light of the lack of cytotoxicity and mutagenicity in vitro, NEM�

would be expected to have similar properties in vivo. This was in-
deed found to be the case. NEM� exhibited no significant clinical or

pathological signs of toxicity in either an acute or subchronic re-
peated oral toxicological evaluation. Acute toxicity was initially
evaluated at up to 2000 mg/kg body weight without the obser-
vance of any adverse effects. Based upon this finding, the 90-day
repeated dose toxicological evaluation was carried out at
400 mg/kg bw/day and 2000 mg/kg bw/day. Using an allometric
inter-species method of conversion that normalizes doses based
upon body surface area, the 90-day repeated dose levels evaluated
in rats correspond to approximately 10� and 50� the human
equivalent dose (HED) of 500 mg per day, respectively (U.S. Food
and Drug Administration, 2005). Even at the highest dose tested,
there were no signs of toxicity that were related to administration
of the test article in any of the parameters evaluated.

4.1. Conclusion

Natural Eggshell Membrane (NEM�) is a novel dietary ingredi-
ent that contains naturally occurring glycosaminoglycans and pro-
teins essential for maintaining healthy joint and connective tissues
and has shown considerable promise in recent human clinical trials
at a dose of 500 mg per day. It is therefore important to demon-
strate to the public that an adequate safety evaluation has been
previously conducted to support the use of NEM� in dietary sup-
plements or food products that are expected to be consumed on
a continuing basis. NEM� was evaluated for cytotoxicity, genotox-
icity, and oral toxicity (single acute dose and 90-day repeated-
dose) at doses up to fifty times (50X) the clinically tested human
equivalent dose. The results of these studies indicate that NEM�

is safe as a supplement for human consumption at levels up to
500 mg/day.
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Eggshell membrane in the treatment of pain and stiffness
from osteoarthritis of the knee: a randomized, multicenter,
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Abstract Natural Eggshell Membrane (NEM®) is a new
novel dietary supplement that contains naturally occurring
glycosaminoglycans and proteins essential for maintaining
healthy articular cartilage and the surrounding synovium. The
randomized, multicenter, double-blind, placebo-controlled
Osteoarthritis Pain Treatment Incorporating NEM® clinical
study was conducted to evaluate the efficacy and safety of
NEM® as a treatment for pain and stiffness associated with
osteoarthritis of the knee. Sixty-seven patients were randomly

assigned to receive either oral NEM® 500 mg (n=34) or
placebo (n=33) daily for 8 weeks. The primary endpoint was
the change in overall Western Ontario and McMasters
Universities (WOMAC) Osteoarthritis Index as well as pain,
stiffness, and function WOMAC subscales measured at 10,
30, and 60 days. The clinical assessment was performed on
the intent-to-treat population. Supplementation with NEM®
produced an absolute rate of response that was statistically
significant (up to 26.6%) versus placebo at all time points for
both pain and stiffness, but was not significantly improved
for function and overall WOMAC scores, although trending
toward improvement. Rapid responses were seen for mean
pain subscores (15.9% reduction, P=0.036) and mean stiff-
ness subscores (12.8% reduction, P=0.024) occurring after
only 10 days of supplementation. There were no serious
adverse events reported during the study and the treatment
was reported to be well tolerated by study participants.
Natural Eggshell Membrane (NEM®) is an effective and safe
option for the treatment of pain and stiffness associated with
knee osteoarthritis. Supplementation with NEM®, 500 mg
taken once daily, significantly reduced both joint pain
and stiffness compared to placebo at 10, 30, and 60 days.
The Clinical Trial Registration number for this study is
NCT00750477.

Keywords Alternative . Complimentary .

Eggshell membrane . Knee . OPTION . Osteoarthritis . Pain .

Stiffness .WOMAC

Introduction

Osteoarthritis (OA) is the most prevalent form of arthritis
and is estimated to affect nearly 27 million adults in the U.S.,
with one-third of those 65 and older having been diagnosed
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with OA [1]. As the population ages, this estimate is
expected to grow rapidly. Traditional treatments for OA
usually involve the use of analgesics (i.e., acetaminophen,
tramadol), non-steroidal anti-inflammatory drugs (NSAIDs)
(i.e., ibuprofen, diclofenac), or cyclooxygenase-2-specific
(COX-2) NSAIDs (i.e., celecoxib) alone or in combination.
Steroid and hyaluronic acid injections have also been used
with some success. Many of these treatments have shown
limited effectiveness in randomized controlled clinical trials
(RCTs) [2–5]. To avoid the cardiac risks [6–9] and
gastrointestinal issues [10, 11] associated with traditional
OA treatments (particularly with long-term use), many
patients have turned to complementary and alternative
medicines (CAMs) such as dietary supplements.

Glucosamine and chondroitin, alone and in combination,
are widely marketed as dietary supplements to treat joint
pain due to OA. There have been two major human clinical
trials that have investigated the role of these two dietary
supplements in the treatment of OA symptoms. The
Glucosamine/chondroitin Arthritis Intervention Trial (GAIT),
a 1,583-patient, 6-month trial sponsored by the National
Institutes of Health (NIH), failed to show significant
improvement in the Western Ontario and McMasters Univer-
sities (WOMAC) Osteoarthritis Index in the overall patient
population for glucosamine, chondroitin, or their combination
[12]. The Glucosamine Unum In Die (once-a-day) Efficacy
(GUIDE) trial, a 318-patient, 6-month European trial
sponsored by industry, showed a small, 5–6% improvement
in total WOMAC Index score over placebo for glucosamine
sulfate [13]. Because of their limited effectiveness, the
search for additional CAMs to treat OA continues.

In the U.S. alone, an estimated 600,000 tons of eggshells
are produced annually as a by-product of the poultry
industry [14]. Disposal of these eggshells creates an
environmental and financial burden and, therefore, alterna-
tive uses for these materials would be of obvious benefit.
Eggshell membranes are primarily composed of fibrous
proteins such as collagen type I [15]. However, eggshell
membranes have also been shown to contain glycosamino-
glycans (GAGs), such as dermatan sulfate and chondroitin
sulfate [16], hexosamines, such as glucosamine, as well as
hexoses and fucose [17]. More recently, significant amounts
of hyaluronic acid have been detected in eggshell mem-
brane [18]. Other components identified in eggshell
membrane include sialic acid [19], desmosine and isodes-
mosine [20], ovotransferrin [21], lysyl oxidase [22], and
lysozyme [23].

The discovery of eggshell membrane as a natural source
of combined glucosamine, chondroitin, and hyaluronic acid
has prompted the evaluation of this material as a potential
treatment for OA. ESM Technologies, LLC (Carthage, MO,
USA) has developed methods to efficiently and effectively
separate eggshell membrane from eggshells to create a

shell-free eggshell membrane. The isolated membrane is
then partially hydrolyzed using a proprietary process and
dry blended to produce 100% pure Natural Eggshell
Membrane (NEM®).

In preliminary open-label human clinical trials totaling
37 subjects with joint and connective tissue disorders, oral
supplementation with 500mg per day of NEM® resulted in an
observed decrease in pain in 7–30 days (unpublished report).
Therefore, an 8-week randomized, multicenter, double-blind,
placebo-controlled supplementation trial was conducted to
evaluate the efficacy and safety of NEM® for the relief of the
pain and stiffness associated with moderate OA of the knee—
the Osteoarthritis Pain Treatment IncorpOrating NEM®
(OPTION) trial. The results are presented herein.

Patients and methods

Study design

The OPTION study was conducted according to a random-
ized, multicenter, double-blind, placebo-controlled design
and was conducted in three rheumatology clinics in
Missouri (USA) in accordance with the U.S. Food & Drug
Administration’s principles of Good Clinical Practice (Title
21, Code of Federal Regulations, Parts 50 & 56 and ICH
E6) and the Declaration of Helsinki. The study protocol
was approved by an independent regional institutional
review board and patients provided their written informed
consent to participate. Subjects were required to suspend all
current pain relief medications in order to participate in the
study. Eligible subjects were then centrally randomized
among all sites 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. Patients, clinical investigators, and the
study coordinator were all blinded to the treatment through
the completion of the study. Treatment consisted once daily
orally of either NEM® (Membrell, LLC, USA) or placebo
(excipients) provided in 500 mg vegetarian capsules that
were stored in closed containers at ambient temperature.
Clinic visits were scheduled for subjects at 10, 30, and
60 days following the onset of treatment. Treatment
compliance was checked at clinic visits by patient interview
and by counting the number of unused doses of the study
medications. Acetaminophen was allowed for pain relief
rescue, if necessary. Subjects recorded the time and amount
of acetaminophen taken in patient diaries.

Patients

All subjects 18 years of age or older with known symp-
tomatic osteoarthritis of the knee were considered for
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enrollment in the study. In order to be eligible, patients
must have been diagnosed with functional grades I–III of
osteoarthritis according to the modified criteria of the
American College of Rheumatology [24]. Subjects must
also have had persistent knee pain associated with
osteoarthritis with a baseline score of at least 30 mm on
the Patient’s Assessment of Arthritis Pain—Visual Analog
Scale. Subjects were required to suspend all current pain
relief medications. Subjects that were currently taking
analgesic medications were eligible to participate in the
study following a 14-day washout period for NSAIDs, a
7-day washout for narcotics, and a 90-day washout for
injected steroids. Subjects currently taking glucosamine,
chondroitin sulfate, or MSM were only eligible after a
3-month washout period. Patients were 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 also
excluded if they had a confounding inflammatory disease or
condition (rheumatoid arthritis, gout, pseudo gout, Paget’s
disease, chronic pain syndrome, etc.) that would interfere
with assessment of pain associated with the index knee.
Other exclusionary criteria were: body weight 113.5 kg
(250 lbs) or greater, a known allergy to eggs or egg
products, or pregnant or breastfeeding women. Subjects
previously enrolled in a study to evaluate pain relief within
the past 6 months or currently involved in any other
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.

Treatment response

The primary endpoint of the study was measurement of the
effectiveness of NEM® in relieving pain, stiffness, and
discomfort associated with moderate OA of the knee and to
compare its effectiveness to placebo. The primary treatment
response endpoints were the 10-, 30-, and 60-day clinic
assessments utilizing the Western Ontario and McMasters
Universities (WOMAC) Osteoarthritis Index—Visual Ana-
log Scale (100 mm) version (VA 3.1) [25]. This version of
the WOMAC questionnaire consists of five questions ad-
dressing the severity of joint pain, two questions addressing
joint stiffness, and 17 questions addressing limitations in
performing physical activities (function). Endpoints were
compared to pretreatment assessments and to placebo
controls. In 2004, the Outcome Measures in Rheumatology
Clinical Trials (OMERACT) and the Osteoarthritis Re-
search Society International (OARSI) published criteria for
a response to treatment for osteoarthritis [26]. A treatment
response was classified as an improvement in pain or
function of at least 50% and a decrease of at least 20 mm on

the visual-analog scale for pain or function (WOMAC
subscales). Alternatively, the occurrence of two of the
following criteria also was acceptable as a treatment
response: a decrease in pain of at least 20% and at least
10 mm on the visual-analog scale; an improvement in
function of at least 20% and a decrease of at least 10 mm on
the visual-analog scale; and an increase in the patient’s
global assessment score by at least 20% and at least 10 mm
on the visual-analog scale. Patient’s global assessment
scores were not collected using a visual-analog scale;
however, we only review the OMERACT–OARSI response
rate with respect to the primary criterion. Patient’s and
Physician’s Global Assessments of Arthritis were also col-
lected utilizing a 0–5-point Likert scale.

Adverse events

Secondary objectives of the study were to evaluate tol-
erability and any adverse reactions associated with supple-
mentation with NEM®. The subjects’ self-assessment
diaries were reviewed and any discomfort or other adverse
events were recorded and reported in accordance with
applicable FDA regulations. Adverse events and serious
adverse events were assessed by the clinical investigator at
each study visit and followed until resolution, as necessary.
Serious adverse events were required to be reported to
the clinical monitor immediately using MedWatch OMB
No. 0910-0291.

Statistical analysis

An absolute increase in the mean response rate of 35%
(treatment rate versus placebo rate) was considered a
clinically meaningful treatment effect. It was estimated that
a sample size of 75 patients would need to be enrolled to
provide the study with a statistical power of 85% to detect a
clinically meaningful difference between the treatment
group and the placebo group, assuming a rate of response
of 40% in the treatment group, a rate of response of 5% in
the placebo group, and a withdrawal rate of 20%. Pairwise
comparisons of the treatment group with the placebo group
were made with a two-sided independent group t test at
baseline to validate randomization. Within-group compari-
sons, using a two-sided independent group t test, were also
made between testing sites to rule out any site bias. In both
cases, statistical significance was accepted at an α value of
<0.05. Post-baseline statistical analyses were done utilizing
repeated measures univariate analysis of variance (RM-
ANOVA) on pooled population data. Statistical significance
was accepted at an α value of <0.05 for between-group
interactions. Analysis of the primary outcome measure (the
difference between groups and the change from baseline in
overall WOMAC composite score as well as pain, stiffness,
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and function subscores) was conducted in the intent-to-treat
(ITT) population (i.e., including all 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 follow-up). A per-protocol
completer analysis was also performed. SYSTAT software
(version 12) was used for all statistical analyses [27].

Results

Patient recruitment began in December 2004 at three
clinical sites in Missouri and the final follow-up was
conducted in January 2006. A total of 67 subjects were
enrolled in the trial and underwent randomization (see
Fig. 1). Of these subjects, 61.1% were from site 1, 29.9%
from site 2, and 9.0% from site 3. In terms of OA functional
grades, 20.9% were grade I, 28.4% were grade II, 20.9%
were grade III, and 29.9% were unassigned. Seven subjects
did not complete baseline evaluations, resulting in a total of
60 subjects in the intent-to-treat (ITT) population. Thirty-
one subjects (51.6%) were randomized to the placebo group
and 29 subjects (48.3%) were randomized to the NEM®
treatment group. Thirty-one percent (31%) of the ITT
subjects assigned to NEM® did not complete the 2-month
study per the protocol, compared with 42% of the ITT
subjects assigned to placebo. Of the 60 subjects in the ITT
population, six subjects assigned to placebo and two

subjects assigned to NEM® either violated the protocol or
did not begin treatment and, therefore, were not available
for further analysis. Those patients lost to follow-up before
the first evaluation time point in both the placebo (four
patients) and treatment (three patients) groups had symp-
tomatically mild OA (mean WOMAC 39.7 and 45.6,
respectively). Those patients lost to follow-up (primarily
withdrawals) in the remainder of the study in both the
placebo (three patients) and the treatment (four patients)
groups had symptomatically more severe OA (mean
WOMAC 76.6 and 63.7, respectively) compared to those
patients that completed the study (mean WOMAC at
baseline of 52.6 and 45.3, respectively). Five patients in
the placebo group and four patients in the treatment group
officially withdrew from the study due to lack of efficacy.
There were no obvious differences in the reason for
withdrawal between the study groups. The overall drop-
out rate of 43% (from enrollment) was considerably higher
than the estimated rate of 20%, although >70% of the
subjects that began treatment (n=54) completed the study
(excluding non-compliance). This is possibly related to the
small sample population or could also be due to the rela-
tively stringent pain management requirements of the study
protocol. Compliance with the study treatment regimen was
good in both treatment groups. In those subjects that com-
pleted the study, the rate of compliance was >97% (as judged
by capsule count at clinic visits).

Patient data was initially evaluated to ensure randomi-
zation within each site. Additionally, patient data was

67 Patients 
Randomized 

 
7 Patients did not 
complete baseline 

evaluation  

  
60 Patients 

ITT Population  

  
 

 
31 Assigned to 

Placebo  
29 Assigned to 

NEM® 

4 Protocol Violations    
   (used prohibited pain  
   medication) 
5 Withdrew due to lack  
   of efficacy 
2 Lost to follow-up 
2 other reasons

 

 

2 Protocol Violations 
    (used prohibited pain  
    medication) 
4 Withdrew due to lack  
    of efficacy 
2 Lost to follow-up 
1 other reasons

  

 

 
18 Completed 

Study per Protocol

(58.1%) 
 

20 Completed 
Study per Protocol

(69.0%) 
 

ITT = intent to treat; NEM  = Natural Eggshell Membrane®

Fig. 1 Enrollment, randomiza-
tion, and completion flow
diagram
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evaluated between sites to exclude site bias. Due to the lack
of a characteristic placebo effect in the overall study
population, blinding was further scrutinized within the
placebo group. When evaluating the placebo group by site
and month enrolled, the placebo effect that was observable
was evenly distributed over time and between sites. That is,
there was a relevant placebo effect in six of the eight
months of enrollment across all sites. As there were no
observable systematic abnormalities in any of these
evaluations, the data were pooled for all subsequent
analyses. A clinical comparison of valid (excluding non-
compliance) subjects was carried out to obtain mean
baseline values (see Table 1). In all cases, the treatment
group values were slightly lower than those of the control
group, but were not statistically different. Analysis of the

primary outcome measure revealed that supplementation
with NEM® produced an absolute rate of response that was
significantly better (ranging from 10.3% to 26.6% improve-
ment) than placebo at all time points for both pain and
stiffness, but fell short of significance for function and
overall WOMAC, despite improving by 8.8% to 15.5% (see
Table 2). There were rapid responses seen for mean pain
subscores (15.9% reduction, P=0.036) and mean stiffness
subscores (12.8% reduction, P=0.024) occurring after only
10 days of supplementation. At 60 days, pain response was
maintained (15.4%, P=0.038), while stiffness had im-
proved further to 26.6% reduction (P=0.005). Mean
function subscores showed a 15.5% (P=0.084) absolute
improvement versus placebo at 10 days, which fell slightly
to 13.5% (P=0.076) by day 60. Overall mean WOMAC

Days post-treatment Treatment P value

Placebo NEM

Pain Baseline (n=25, 25) 50.6±19.4 44.0±16.8 0.204

10 (n=21, 24) 52.7±24.1 39.0±19.4 0.036*

30 (n=21, 24) 53.7±21.0 42.3±26.2 0.040*

60 (n=21, 24) 50.7±22.2 37.5±25.2 0.038*

Stiffness Baseline (n=25, 25) 59.3±24.0 50.5±20.3 0.167

10 (n=21, 24) 57.0±25.6 42.5±25.0 0.024*

30 (n=21, 24) 60.6±23.0 43.5±23.5 0.009*

60 (n=21, 24) 56.5±24.3 35.0±25.8 0.005*

Function Baseline (n=25, 25) 55.2±21.3 48.1±19.5 0.227

10 (n=21, 24) 57.3±24.6 43.3±23.0 0.084

30 (n=21, 24) 55.6±21.8 45.1±25.5 0.079

60 (n=21, 24) 53.1±24.9 40.5±27.1 0.076

Overall Baseline (n=25, 25) 54.6±20.4 47.5±17.5 0.191

10 (n=21, 24) 56.2±24.1 42.3±21.6 0.059

30 (n=21, 24) 55.5±21.4 44.4±25.1 0.055

60 (n=21, 24) 52.9±23.9 39.4±26.1 0.052

Table 1 Mean WOMAC scores
by category in NEM-
supplemented and control
groups at baseline and 10, 30,
and 60 days post-treatment

Values represent means±standard
deviations. P values were deter-
mined by repeated measures
univariate analysis of variance
(RM-ANOVA), and represent
treatment versus placebo

*P<0.05

Days post-treatment Placebo NEM Absolute treatment effect

Pain 10 (n=21, 24) +4.2% −11.7% −15.9%
30 (n=21, 24) +6.0% −4.3% −10.3%
60 (n=21, 24) +0.1% −15.3% −15.4%

Stiffness 10 (n=21, 24) −3.9% −16.7% −12.8%
30 (n=21, 24) +2.2% −14.6% −16.8%
60 (n=21, 24) −4.7% −31.3% −26.6%

Function 10 (n=21, 24) +3.9% −11.6% −15.5%
30 (n=21, 24) +0.8% −8.0% −8.8%
60 (n=21, 24) −3.8% −17.3% −13.5%

Overall 10 (n=21, 24) +2.9% −12.3% −15.2%
30 (n=21, 24) +1.7% −7.9% −9.6%
60 (n=21, 24) −3.1% −18.2% −15.1%

Table 2 Mean treatment effect
(%) in WOMAC scores from
baseline by category in NEM-
supplemented and control
groups at 10, 30, and 60 days
post-treatment

Values are mean treatment dif-
ferences calculated from Table 1
and are based upon the LOCF
approach. Negative values rep-
resent improvement or reduction
in symptom and positive values
represent the inverse
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scores resulted in a 15.2% (P=0.059) absolute improve-
ment versus placebo at 10 days, which was maintained at
60 days (15.1%, P=0.052). Thirty-two percent (32%) of
patients in the treatment group demonstrated a primary
OMERACT–OARSI response versus 12% of patients in the
placebo group by the end of the follow-up period (60 days,
P=0.023).

The study population was too small to stratify the
patients according to covariates, such as baseline pain level
or grade (I–III), to obtain statistically relevant data. There
was little difference between response rates for patients
with more severe OA (grades II/III) compared with patients
with less severe OA (grade I). About one-third of the
patients in both groups had at least a 40% reduction in pain
at 60 days.

Overall, the use of rescue pain medication was low
throughout the study, occurring once in every 6–8 days.
There were no significant differences among the groups for
rescue medication use. Approximately 17% of subjects took
acetaminophen significantly more often than average (once
every 3 days or less). After reviewing the patient diaries, it
was noted that many of the instances of acetaminophen use
were not for rescue purposes, but were actually for
headaches, backaches, and other issues unrelated to the
treatment knee. There were three adverse events reported
during the study and none of them were judged by clinical
investigators to be associated with treatment. There were no
serious adverse events reported during the study. Of
particular note is that there were no allergy-associated
adverse events during the study, although those with known
egg allergies were excluded from participating during
screening. In general, the treatment was reported to be
extremely well tolerated by study participants.

Discussion

Osteoarthritis is extremely prevalent and results in signifi-
cant costs, both financial and quality of life, for those that
suffer from the debilitating disease. The OPTION trial was
designed to evaluate the efficacy and safety of Natural
Eggshell Membrane as a treatment option for osteoarthritis.
Our preliminary study indeed proved NEM® both effective

and safe for treating pain and stiffness associated with OA
of the knee. NEM® has the added benefit of avoiding the
concerning side effects associated with long-term use of
other OA treatments such as NSAIDs.

Patients experienced a relatively rapid (10 days) re-
sponse for all WOMAC scores with a mean response of
approximately 15% (12.8% to 15.9%). By the end of the
follow-up period (60 days), the mean response remained
approximately 15% (13.5% to 15.4%) for all WOMAC
scores except stiffness which was 26.6%. While this is
superior to the response shown for glucosamine and
chondroitin in previous clinical investigations [12, 13], it
failed to reach the expected 35% response rate employed in
the clinical design. Despite this shortcoming, the results
were shown to be statistically significant. The safety profile
for NEM® is also of significance as there are no known
side effects, excluding the obvious egg allergy concern.
This is of obvious importance in a condition that requires
long-term treatment. Significant and sometimes serious side
effects associated with other OA treatments frequently
limits treatment options.

The measure of subjective symptoms (i.e., pain, stiff-
ness, etc.) of arthritis and the wide variation in individual
patient’s perception of these symptoms results in complex
relationships that can be difficult to elucidate from the
reporting of mean treatment effects in clinical trials and
may fail to adequately describe the potential benefits to the
individual patient [28–31].

Number Needed to Treat (NNT) is a form of responder
analysis and is a widely accepted and statistically valid
measure of treatment effect [32]. NNTs of 5 or below are
generally accepted as equating to an effective treatment for
pain-related conditions [30]. In order to perform an NNT
evaluation of the OPTION data, a treatment response rate
table was prepared for the treatment and placebo groups at
all time points for the pain (see Table 3) and stiffness (not
shown) WOMAC subscales. It becomes evident that there
are response rates that are quite likely to be clinically
relevant (i.e., ≥30% reduction from baseline). For example,
approximately one-third (33%) of study subjects experi-
enced greater than 30% reduction in pain at 10 days, with a
similar number of subjects (32%) having experienced
greater than 50% reduction in pain at 60 days. In both

% Reduction 10days 30days 60days

Placebo Treatment Placebo Treatment Placebo Treatment
n=21 n=24 n=20 n=22 n=18 n=19

≥20 24% 54% 35% 32% 39% 67%

≥30 14% 33% 20% 23% 33% 42%

≥40 10% 17% 10% 23% 22% 42%

≥50 5% 8% 5% 23% 12% 32%

Table 3 Percent of patients
experiencing reduction in pain
from Baseline at 10, 30, and
60 days post-treatment
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instances, this rate was more than two times (∼2.5×) that of
the placebo group. Approximately one-quarter (25%) of
study subjects experienced greater than 50% reduction in
stiffness at 10 days, with the number of patients increasing
to more than one-half (53%) having experienced this level
of improvement at 60 days. The 10-day result was more
than two times (∼2.5×) that of the placebo group and the
60-day result was nearly five times (∼4.8×) that of placebo.

These various responder rates were then converted to
NNT values which include 95% confidence intervals (95%
CI) according to the method described by Wen et al. [33].
NNT values were determined for each level of improve-
ment (as shown in Table 3) for both pain and stiffness. At
10, 30, and 60 days, NNTs for at least 50% reduction in
pain were 28.0 (95% CI, 26.2 to 29.8), 5.6 (3.9 to 7.4), and
5.0 (3.1 to 6.9), respectively. In clinical practice, one out of
every five patients should experience at least a 50%
reduction in pain within 30–60 days. By comparison, we
determined an NNT of 23.8 (95% CI, 15.2 to 32.4) from the
GAIT data for a 50% reduction in WOMAC pain scores for
the overall study population [12]. A similar 50% reduction
in rheumatoid arthritis pain was reported as 4 in a review of
three clinical trials for adalimumab, etenercept, and double-
dose infliximab [34].

NNT values were also determined for 50% reduction in
stiffness at each time point. We obtained NNTs of 6.5 (95%
CI, 4.6 to 8.4), 7.9 (6.1 to 9.7), and 2.4 (0.5 to 4.3) at 10,
30, and 60 days, respectively. This demonstrates that there
is a clinically relevant reduction in stiffness at all time
points during the study. This is particularly true at 60 days
where nearly one out of every two patients would
experience a 50% reduction in stiffness.

With one-third of those 65 and older having been
diagnosed with osteoarthritis [1], and that number expected
to grow immensely as the overall US population ages, it is
important for patients to have treatment options that are
both effective and safe. The reporting of the results from
the OPTION trial provides this needed treatment option.

The trial suffered from a number of issues. The limited
initial enrollment (67 subjects), the relatively high drop-out
rate (43%), and the smaller mean treatment effect than
anticipated (15% versus 35%) could have compromised the
statistical significance of the trial results. In addition to
these inherent limitations, combined they also prevented
post hoc analysis of subgroups of patients, say by severity
of disease. Less stringent requirements for concomitant pain
treatment or a more liberal rescue pain policy may have
reduced the drop-out rate considerably. The inclusion of a
comparative treatment agent may have provided additional
information, but would have required a significantly larger
study population. A larger follow-up study with some
modifications may allow us to better determine which
patients are most helped by NEM® supplementation.
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Key Messages

Natural Eggshell Membrane (NEM®), 500 mg taken once daily,
significantly reduced both joint pain and stiffness compared to
placebo, both rapidly (10 days) and continuously (60 days).
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Background: Natural Eggshell Membrane (NEM®) is a novel dietary supplement that contains 

naturally occurring glycosaminoglycans and proteins essential for maintaining healthy joint 

and connective tissues. Two single center, open-label human clinical studies were conducted 

to evaluate the efficacy and safety of NEM® as a treatment for pain and inflexibility associated 

with joint and connective tissue disorders.

Methods: Eleven (single-arm trial) and 28 (double-arm trial) patients received oral NEM® 

500 mg once daily for four weeks. The primary outcome measure was to evaluate the change 

in general pain associated with the treatment joints/areas (both studies). In the single-arm trial, 

range of motion (ROM) and related ROM-associated pain was also evaluated. The primary treat-

ment response endpoints were at seven and 30 days. Both clinical assessments were performed 

on the intent-to-treat (ITT) population within each study.

Results: Single-arm trial: Supplementation with NEM® produced a significant treatment 

response at seven days for flexibility (27.8% increase; P  0.038) and at 30 days for general 

pain (72.5% reduction; P  0.007), flexibility (43.7% increase; P  0.006), and ROM-associated 

pain (75.9% reduction; P  0.021). Double-arm trial: Supplementation with NEM® produced a 

significant treatment response for pain at seven days for both treatment arms (X: 18.4% reduction; 

P  0.021. Y: 31.3% reduction; P  0.014). There was no clinically meaningful difference 

between treatment arms at seven days, so the Y arm crossed over to the X formulation for the 

remainder of the study. The significant treatment response continued through 30 days for pain 

(30.2% reduction; P  0.0001). There were no adverse events reported during either study and 

the treatment was reported to be well tolerated by study participants.

Conclusions: Natural Eggshell Membrane (NEM®) is a possible new effective and safe thera-

peutic option for the treatment of pain and inflexibility associated with joint and connective 

tissue (JCT) disorders. Supplementation with NEM®, 500 mg taken once daily, significantly 

reduced pain, both rapidly (seven days) and continuously (30 days). It also showed clinically 

meaningful results from a brief responder analysis, demonstrating that significant proportions 

of treated patients may be helped considerably from NEM® supplementation. The Clinical Trial 

Registration numbers for these trials are: NCT00750230 and NCT00750854.

Keywords: arthritis, pain, stiffness, eggshell membrane, joint, connective tissue, complimentary, 

alternative

Background
It is estimated that 140 million adults in the United States (US) suffer from some form 

of joint or connective tissue (JCT) disorder (ie, arthritis, lupus, gout, fibromyalgia, neck 
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or back pain, etc.).1,2 As the population ages, this estimate is 

expected to grow rapidly. Traditional treatments for most of 

these disorders attempt to address only the symptoms (pain, 

inflammation, and discomfort) associated with the diseases. 

This usually involves the use of analgesics (ie, acetamino-

phen, oxycodone, propoxyphene) or nonsteroidal anti-inflam-

matory drugs (NSAIDs) (ie, ibuprofen, diclofenac, celecoxib) 

alone or in combination. Most of these treatments have shown 

limited effectiveness in randomized controlled clinical trials 

(RCTs)3–6 or are known to have significant and sometimes 

severe side effects. To avoid the cardiac risks,7,8 gastroin-

testinal issues,9,10 and dependency issues11,12 associated with 

traditional JCT treatments (particularly with long-term use), 

many patients have turned to complementary and alternative 

medicines (CAMs) such as dietary supplements.

Glucosamine, chondroitin, and methylsulfonylmethane 

(MSM) alone and in combination, are widely marketed as 

dietary supplements to treat joint pain due to osteoarthritis 

(OA). There have been two major human clinical trials that 

have investigated the role of glucosamine and chondroitin in 

the treatment of OA symptoms. The Glucosamine/chondroitin 

Arthritis Intervention Trial (GAIT), a 1583 patient, six-month 

trial sponsored by the National Institutes of Health (NIH), 

failed to show significant improvement in the Western Ontario 

and McMasters Universities (WOMAC) Osteoarthritis Index 

in the overall patient population for glucosamine, chondroi-

tin, or their combination.13 The Glucosamine Unum In Die 

(once-a-day) Efficacy (GUIDE) trial, a 318 patient, six-month 

European trial sponsored by industry, showed a small, 5%–6% 

improvement in total WOMAC Index score over placebo for 

glucosamine sulfate.14 Other vitamins, minerals, and botani-

cals such as kava, pine bark extract, capsicum, boswellia 

root extract, turmeric/curcumin, etc., are also marketed for 

various JCT pain maladies often with little or no clinical 

support. Because of their limited effectiveness, the search for 

additional CAMs to treat JCT disorders continues.

We present here the use of eggshell membrane as a pos-

sible new natural therapeutic for JCT disorders. Eggshell 

membrane is primarily composed of fibrous proteins such as 

collagen type I.15 However, eggshell membranes have also 

been shown to contain glycosaminoglycans, such as dermatan 

sulfate and chondroitin sulfate16 and sulfated glycoproteins 

including hexosamines, such as glucosamine.17 Other compo-

nents identified in eggshell membranes are hyaluronic acid,18 

sialic acid,19 desmosine and isodesmosine,20 ovotransferrin,21 

lysyl oxidase,22 lysozyme,23 and -N-acetylglucosaminidase.24 

The discovery of eggshell membrane as a natural source of 

combined collagen, glucosamine, chondroitin, and hyaluronic 

acid has prompted the evaluation of this material as a potential 

treatment for joint and connective tissue pain. ESM Technolo-

gies, LLC (Carthage, MO, USA) has developed methods to 

efficiently and effectively separate eggshell membrane from 

eggshells to create an essentially shell-free eggshell membrane. 

The isolated membrane is then partially hydrolyzed using a 

proprietary process and dry-blended to produce 100% pure 

Natural Eggshell Membrane (NEM®) powder. Compositional 

analysis of NEM® conducted by ESM has identified a high con-

tent of protein and moderate quantities of glucosamine (up to 

1% by dry weight), chondroitin sulfate (up to 2%), hyaluronic 

acid (up to 2%), and collagen (Type I, up to 25%).

Two 1-month pilot clinical studies were conducted to 

evaluate the efficacy and safety of NEM® for the relief of 

the pain and discomfort associated with joint and connective 

tissue disorders. The results are presented herein.

Methods
Study designs
Both studies were conducted according to a single center, 

open-label, controlled design and were conducted in the US 

in accordance with the US Food and Drug Administration’s 

principles of Good Clinical Practice (Title 21, Code of 

Federal Regulations, Parts 50 and 56 and ICH E6) and the 

Declaration of Helsinki. The study protocols were approved 

by an independent institutional review board (The Copernicus 

Group) and patients provided their written informed consent 

to participate. Subjects were required to suspend all current 

pain relief medications in order to participate in the study. For 

the double-arm trial, eligible subjects were then randomized 

either to NEM® formulation X or NEM® formulation Y treat-

ment groups in the order in which they were enrolled in the 

study using a block randomization table. NEM® formulations 

X and Y differed in the degree (Y 2.5   X) to which they 

were partially hydrolyzed prior to final ingredient blending. 

The clinical investigators were not blinded to treatment 

(open label) (both studies) or randomization (double-arm 

trial), however the subjects were blinded to randomization 

in the double-arm trial. Treatment consisted once daily orally 

of either NEM® (Membrell, LLC, Carthage, MO, USA) 

(single-arm trial) or two different formulations of NEM® 

(double-arm trial) provided in 500 mg vegetarian capsules 

that were stored in closed containers at ambient temperature. 

Clinic visits were scheduled for subjects at seven and 30 days 

following the onset of treatment. Treatment compliance was 

checked at clinic visits by patient interview and by count-

ing the number of unused doses of the study medications. 

Although discouraged, acetaminophen was allowed for pain 
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relief rescue, if necessary. Subjects recorded the time and 

amount of acetaminophen taken in patient diaries.

Patients
All subjects aged 18 years or older and seeking relief of mild to 

moderate pain due to joint or connective tissue disorders were 

considered for enrollment in the studies. In order to be eligible, 

subjects must have had persistent pain (lasting at least three 

months) associated with a JCT disorder, with a minimum base-

line pain level of 2 on a 0 to 10 analog Likert scale. Subjects 

were required to suspend all current pain relief medications. 

Subjects that were currently taking analgesic medications were 

eligible to participate in the studies following a 14-day washout 

period for NSAIDs, a seven-day washout for narcotics, and a 

90-day washout for injected steroids. Subjects currently taking 

glucosamine, chondroitin sulfate or MSM were only eligible 

after a three-month washout period. Patients were excluded if 

they were currently receiving remission-inducing drugs such 

as methotrexate or immunosuppressive medications or had 

received them within the past three months. Other exclusion-

ary criteria were: body weight 113.5 kilograms (250 lbs.) or 

greater, a known allergy to eggs or egg products, or pregnant or 

breastfeeding women. Subjects previously enrolled in a study 

to evaluate pain relief within the past six months or currently 

involved in any other research study involving an investiga-

tional 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 trials.

Treatment response
Single-arm trial
The primary outcome measure of this study was to evaluate 

the mean effectiveness of NEM® in relieving general pain 

associated with moderate JCT disorders. Additional primary 

outcome measures were to evaluate flexibility, as well as the 

pain associated with the range of motion (ROM) evaluation. 

The primary treatment response endpoints were the 7 and 

30 day clinic assessments utilizing a 0 to 10 analog Likert-

scale, with 0 equating to no pain and 10 equating to most 

severe pain. Patients were asked to record a number equating 

to the perceived pain from the treatment joint/area. Endpoints 

were then compared to pretreatment assessments.

Double-arm trial
The primary outcome measure of this study was to evaluate the 

mean effectiveness of NEM® in relieving general pain asso-

ciated with moderate JCT disorders. Subjects were allowed 

to evaluate multiple treatment joints/areas. The primary 

treatment response endpoints were the seven and 30 day 

clinic assessments utilizing a 0 to 10 analog Likert scale, 

with 0 equating to no pain and 10 equating to most severe 

pain. Patients were asked to record a number equating to 

the perceived pain from the treatment joints/areas. Endpoints 

were then compared to pretreatment assessments.

Adverse events
Secondary objectives of both studies were to evaluate toler-

ability and any adverse reactions associated with supple-

mentation with NEM®. The subjects’ self-assessment diaries 

were reviewed and any discomfort or other adverse events 

were recorded and reported in accordance with applicable 

FDA regulations. Adverse events and serious adverse events 

were assessed by the clinical investigator at each study visit 

and followed until resolution, as necessary. Serious adverse 

events (those that result in either death, a life-threatening 

experience, inpatient hospitalization, a persistent or signifi-

cant disability or incapacity; or require, based on reasonable 

medical judgment, a medical or surgical intervention to pre-

vent an outcome described previously) were required to be 

reported to the clinical monitor immediately.

Statistical analysis
As these were pilot studies with nonspecified treatment 

joints/areas, no enrollment sample size estimates were per-

formed for statistical power determination. Comparisons of 

the two treatment groups (double-arm trial) were made with 

a two-sided independent group t-test at baseline to validate 

randomization. Statistical significance was accepted at an 

 value of 0.05. Post-baseline statistical analyses were 

done as pairwise comparisons utilizing a two-sided t-test. 

Statistical significance was accepted at an  value of 0.05. 

Analysis of the primary outcome measure (the change from 

baseline in general pain levels (both studies), as well as 

flexibility and ROM-associated pain (single-arm trial)) was 

conducted in the intent-to-treat (ITT) population (ie, includ-

ing all patients with at least one efficacy assessment). 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 follow-up). A per-protocol 

completer analysis was also performed. SYSTAT software 

(version 12) was used for all statistical analyses.25

Results
Single-arm trial
Patient recruitment began in October 2003 at a single clinical 

site in Missouri (USA) and the final follow-up was conducted 

in December 2003. A total of 11 subjects were enrolled with 



Clinical Interventions in Aging 2009:4238

Ruff et al Dovepress

submit your manuscript | www.dovepress.com

Dovepress 

various joint and connective tissue conditions. Of these subjects, 

five (45%) were female and six (55%) were male. The treatment 

joints/areas consisted of knees (3), hips (1), elbows (1), neck 

(1), shoulders (1), and lower back (4). All 11 subjects com-

pleted baseline evaluations and were therefore used as the ITT 

population. Ten (91%) of the 11 ITT subjects completed the 

one-month study per the protocol. Of the 11 subjects in the ITT 

population, one subject did not begin treatment and, therefore, 

was not available for further analysis. Compliance with the 

study treatment regimen was good in the treatment group. In 

those subjects that completed the study, the rate of compliance 

was 98% (as judged by capsule count at clinic visits).

A clinical comparison of valid subjects was carried out to 

obtain a mean baseline pain value for the study population of 

3.6  1.8 (mean  standard deviation), a mean flexion ROM 

of 64.2   36.5 , and a mean ROM-associated pain value of 

2.9  2.6. Statistical analysis of the primary outcome mea-

sures revealed that supplementation with NEM® produced 

a significant treatment response at seven days for flexibility 

(27.8% increase; P  0.038) and at 30 days for general pain 

(72.5% reduction; P  0.007), flexibility (43.7% increase; 

P  0.006), and ROM-associated pain (75.9% reduction; 

P  0.021) (see Table 1). Overall, the use of rescue pain 

medication was extremely low throughout the study, occur-

ring once in every 20–22 days.

Double-arm trial
Patient recruitment began in November 2003 at a single clinical 

site in Missouri (USA) and the final follow-up was conducted in 

February 2004. A total of 28 subjects were enrolled with vari-

ous joint and connective tissue conditions, some with multiple 

treatment joints/areas. Of these subjects, six (21%) were male 

and 22 (79%) were female. The treatment joints/areas consisted 

of knees (7), hips (8), neck (1), shoulders (9), hands (2), legs 

(1), feet (1), lower back (4), and nonspecific (3). All 28 subjects 

completed baseline evaluations and were therefore used as the 

ITT population. Fourteen subjects (50%) were randomized 

to the NEM® X formulation treatment group and 14 subjects 

(50%) were randomized to the NEM® Y formulation treatment 

group. Twenty (71%) of the 28 ITT subjects completed the 

one-month study per the protocol. Of the 28 subjects in the 

ITT population, two subjects assigned to the X arm did not 

begin treatment and, therefore, were not available for further 

analysis. One patient in the X arm and 1 patient in the Y arm 

officially withdrew from the study due to lack of efficacy. The 

overall drop-out rate of 29% (from enrollment) was higher 

than expected, although 77% of the subjects that began treat-

ment (n  26) completed the study. Compliance with the study 

treatment regimen was good in both treatment groups. In those 

subjects that completed the study, the rate of compliance 

was 96% (as judged by capsule count at clinic visits).

Patient data was initially evaluated to ensure randomization 

between groups (P  0.097). A clinical comparison of valid 

subjects was carried out to obtain a mean baseline pain value 

(mean  standard deviation) for each arm (X and Y) of the study 

(X: 6.8  1.9; Y: 5.6  1.9). Statistical analysis of the primary 

outcome measures revealed that supplementation with NEM® 

produced a significant rapid treatment response for pain at seven 

days for both treatment arms (X: 18.4% reduction; P  0.021. 

Y: 31.3% reduction; P  0.014). The 12.9% difference between 

treatment arms was not as large as was expected from the dif-

ference in the formulations. It was decided that this difference 

was not clinically meaningful. Therefore, at seven days the 

Y arm crossed over to the X formulation for the remainder of 

the study. The significant treatment response continued through 

30 days for pain (30.2% reduction; P  0.0001) (See Table 2). 

Overall, the use of rescue pain medication was extremely low 

throughout the study, occurring once in every 14–16 days. 

There were no significant differences between the treatment 

arms for rescue medication use.

Both study populations were too small to stratify the 

patients according to covariates, such as gender or treatment 

joint/area, to obtain statistically relevant data. There were no 

adverse events or serious adverse events reported during either 

of the studies. Of particular note is that there were no allergy-

associated adverse events during the studies, although those 

with known egg allergies were excluded from participating 

during screening. In general, the treatment was reported to be 

extremely well tolerated by study participants.

Discussion
Joint and connective tissue disorders are extremely common in 

the United States and result in significant costs, both financial 

and quality of life, for those that suffer from the debilitating 

diseases. These two pilot clinical trials were designed to evalu-

ate the efficacy and safety of NEM® as a treatment option for 

JCT disorders. Results from both pilot studies suggest that 

NEM® is both effective and safe for treating pain associated 

with JCT disorders and considerably improves flexibility in 

the affected joints/areas. NEM® has the added benefit of avoid-

ing the concerning side effects associated with long-term use 

of other JCT treatments, such as narcotics or NSAIDs.

Patients experienced relatively rapid (seven days) 

responses for pain (double-arm trial) with a mean response 

of approximately 25% (X: 18.4%; Y: 31.3%) and flexibility 

(single-arm trial) with a mean response of approximately 28%. 
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The single-arm trial failed to reach statistical significance at 

seven days for pain. This is likely a result of the relatively high 

standard deviation at baseline (1.8) compared to mean pain at 

baseline (3.6). Each arm of the double-arm trial had a similar 

number of patients (X: 12; Y: 14) as in the single-arm trial (10) 

and yet had statistically significant results for pain at seven 

days. However the baseline means (X: 6.8; Y: 5.6) and stan-

dard deviations (both 1.9) were relatively better proportioned 

than the single-arm trial. The use of the pairwise t-test helps to 

mitigate the effects of a high standard deviation in determining 

statistical significance.

By the end of the follow-up period (30 days) the mean 

response for pain had improved to 30% (double-arm trial) and 

73% (single-arm trial). At the same time, flexibility improved 

to a mean response of approximately 44% and the ROM-associ-

ated pain had a mean response of approximately 76% (single-

arm trial). A brief responder analysis of the data provides a 

number of clinically relevant highlights. In both the single-arm 

trial and the double-arm trial, a significant proportion of the 

study populations (64% and 35%, respectively) experienced a 

greater than 50% reduction in pain by 30 days. Of particular 

note is that nearly half (45%) of the patients in the single-arm 

trial reported that they were pain-free (reported a score of 0) 

by 30 days of supplementation. All patients in the single-arm 

trial experienced at least some improvement in flexibility or 

ROM-associated pain, with more than half (55%) of the subjects 

experiencing a greater than 50% improvement in flexibility and 

more than one-third (36%) of the subjects reporting that they 

were pain-free during ROM evaluation. The safety profile for 

NEM® is also of significance as there are no known side effects, 

excluding the obvious egg allergy concern. This is of obvious 

importance in a condition that requires long-term treatment such 

as JCT disorders. Significant and sometimes serious side effects 

associated with other treatments can force patients to have to 

make the difficult decision between living with the disease 

symptoms or living with the side effect symptoms.

Both trials suffered from a limited initial enrollment (11 and 

28 subjects), however both trials had relatively low drop-out 

rates (9% and 29%). As both trials were also open label, there 

is the obvious issue of the placebo effect. The inclusion of a 

placebo control would have provided greater clinical meaning, 

however it would have required a significantly larger study 

population. The inclusion of such a broad range of JCT disorders 

with vastly differing pathologies could have readily led to 

ambiguous treatment effects. Additionally, a broad spectrum of 

disease severity was included in both trials which could have 

also led to ambiguous results. Despite these potential pitfalls, 

the results from these open-label trials suggest that NEM® may 

be an effective therapeutic for a broad range of JCT disorders. 

A larger study with some modifications is clearly warranted.

Table 1 Single-arm trial mean values by category at baseline, 7 and 30 days post-treatment

 Days post-treatment Mean  SD Percent improvement P-value

General Pain Baseline (n  11) 3.6  1.8 – –

7 (n  11) 2.7  1.7 25.8% 0.515

30 (n  11) 1.0  1.2 72.5% *0.007

Flexion (ROM) Baseline (n  11) 64.2°  36.5° – –

7 (n  11) 82.0°  41.4° 27.8% *0.038

30 (n  11) 92.2°  38.4° 43.7% *0.006

ROM Pain Baseline (n  11) 2.9  2.6 – –

7 (n  11) 1.7  2.1 43.3% 0.112

 30 (n  11) 0.7  1.3 75.9% *0.021

Notes: P-values were determined by pairwise, two-sided, t-test comparison, and represent treatment versus baseline. *P  0.05.
Abbreviations: ROM, range of motion; SD, standard deviation.

Table 2 Double-arm trial mean pain values at baseline, 7 and 30 days post-treatment

Days post-treatment X Mean  SD Y Mean  SD Percent improvement P-value

Baseline (n  12, 14) 6.8  1.9 5.6  1.9 – –

7 (n  12, 14) 5.5  2.0 3.9  2.5 18.4%, 31.3% *0.021, *0.014

30 (n  26) 4.3  2.3 – 30.2% *0.0001

Notes: P-values were determined by pairwise, two-sided, t-test comparison, and represent treatment versus baseline. *P  0.05.
Abbreviation: SD, standard deviation.
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Conclusion
With so many people suffering from joint and connective 

tissue disorders, and that number expected to grow immensely 

as the overall US population ages, it is important for patients 

to have treatment options that are both effective and safe. The 

reporting of the results from these two open-label pilot studies 

demonstrates that NEM® may be a viable treatment option for 

the management of JCT disorders. In these clinical studies, 

NEM®, 500 mg taken once daily, significantly reduced pain, 

both rapidly (seven days) and continuously (30 days). It also 

showed clinically meaningful results from a brief responder 

analysis, demonstrating that a significant proportion of treated 

patients may benefit from NEM® supplementation.
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