
Osteoarthritis is characterized by an imbalance between anabolic and catabolic processes in the affected 
joint. This metabolic dysregulation affects the chondrocytes that produce cartilage but also affects the 
cells of the synovial membrane across the border of the joint characterized by a loss of viscosity. This 
results in a loss of synovial fluid lubrication and loss of cartilage with a corresponding lack of joint 
flexibility and pain. 

The development of osteoarthritis (OA) occurs in response to mechanical stress from trauma, obesity, or 
genetic predisposition. Some common risk factors associated with developing osteoarthritis include age, 
gender, and family history. Systemic factors include bone density, dietary intake, or estrogen use. Local 
biomechanical factors include joint laxity and muscle weakness. (1) 

OA patients suffer from disability, pain, and a dramatic reduction in the quality of life. Although there is 
mild, moderate, and severe OA, destruction of joint tissue, synovial membrane, and cartilage inevitably 
occurs and this leads to aseptic inflammation that prolongs and worsens the disease. (2)

Synovial inflammation has a major role in the progression of OA and is accompanied by macrophage 
and lymphocyte infiltration and hyperplasia. The macrophages, lymphocytes and chondrocytes produce 
inflammatory cytokines, including IL-1β, IL-6, and TNF-α, which, in turn, stimulate the production of 
matrix metalloproteinases (MMPs) that are found in increasing levels in OA joint tissues and synovial 
fluids. (3) 

It has been well-established from 1983 to the present that TNF-α, and interleukins stimulate osteoclast 
bone resorption in OA joints. (4, 5)

Treatments with non-steroidal anti-inflammatory drugs (NSAIDs) and disease-modifying anti-rheumatic 
drugs (DMARDs) are inadequate in treating the disease due to poor patient-specific adequacy. They 
often fail to block cartilage degradation. Increasing doses are required to treat OA over time and the 
ulcerogenic risk of NSAIDs increases the longer they are administered. Corticosteroids are also effective 
at reducing inflammation and pain in treating OA but their adverse effects, immunosuppression, and the 
risk of osteoporosis, seriously limit their use. (6, 7)

Lower molecular weight hyaluronic acid (LMW-HA), krill oil and astaxanthin (AST) each have 
beneficial effects on joint discomfort demonstrated in human clinical trials, animal, and in vitro studies. 
(8, 9, 10, 11, 12, 13, 14, 15, 16, 17)
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LMW-HA is a muco-polysaccharide comprised of tandem repeats of D-glucuronic acid and N-acetyl 
glucosamine. It is present in abundance in the synovial fluid of mammalian joints. At present, intra-
articular administration of HA is the treatment of choice for patients with symptomatic knee OA, 
although meta-analysis of studies has shown that intra-articular knee injections of HMW-HA have a 
placebo effect identical to aqueous placebo injections and that publication bias in these studies is approx-
imately 37%. (18, 19)

A clinical trial using 200 mg of orally administered HMW-HA was given once daily for 12 months to six-
ty osteoarthritic subjects who were randomly assigned to an active HA or a placebo group.  The subjects 
in the HA group at the end of the study had better symptom resolution compared to the placebo group. 
Subjects in both groups conducted quadriceps strengthening exercise everyday as part of the treatment 
and symptoms were evaluated by the Japanese Knee Osteoarthritis Measure (JKOM) score. The symp-
toms improved with time in both the HA and placebo groups and the study authors concluded that “Oral 
administration of HA may improve the symptoms of knee OA in patients aged 70 years or younger when 
combined with the quadriceps strengthening exercise.” (8)

Krill oil is a marine lipid with lower EPA (eicosapentaenoic acid) and DHA (docosahexaenoic acid) 
content than ordinary fish oil but these essential fatty acids are bound to phospholipids making them more 
bioavailable than the triacylglycerides found in fish oils. A randomized, double-blind, parallel-group, 
placebo-controlled trial of fifty adults 38 to 85 years old with mild knee pain were divided into two groups. 
The active group was given 2 grams of krill oil or a placebo for 30 days. The study results demonstrated that 
“krill oil significantly mitigated knee pain in sleeping, standing and the range of motion of both right and 
left knees compared to placebo.” (9, 20)

AST is a xanthophyll carotenoid with unique cell membrane actions and a wide range of clinical benefits. 
AST quenches free radicals or other oxidants by either accepting or donating electrons, and is a potent 
scavenger of reactive oxygen species without being destroyed or becoming a pro-oxidant in the process. 
Its polar-nonpolar-polar molecular design allows it to insert itself into cell and organelle membranes, 
sometimes spanning the entire width of the membrane. AST can quench free radicals within the hydro-
phobic interior of membranes and along its hydrophilic outer surfaces. In clinical trials, AST has shown 
a wide range of benefits and has an excellent safety profile. AST is one of the strongest singlet oxygen 
quenchers of the carotenoid family and is much more potent in this regard than other common dietary 
antioxidants. 

		               										         (21, 22, 23)

14 times stronger than vitamin E

18 times stronger than pine bark extract

21 times stronger than synthetic astaxanthin 
     at quenching free radicals in vitro

54 times stronger than beta carotene

65 times stronger than vitamin C

Astaxanthin is:

This paper is intended to educate industry partners on the clinical and mechanistic properties of FlexPro MD®.  
Formulators should consult their local regulations when preparing any consumer marketing claims.	
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Although tested individually in clinical trials with promising results for the treatment of joint discomfort, 
a combination of krill oil, AST and LMW-HA had never previously been tested as a multi-component 
formula. There is also no human data on such a multi-component formula for treating reduced strength, 
flexibility, mobility, and discomfort of surrounding supportive tissues of the knee and/or hip in subjects 
who were not previously diagnosed with OA or RA. 

A clinical trial testing a proprietary multi-component formula of krill oil, AST and LMW-HA recruited 
140 subjects from 18 to 80 years old with non-arthritic arthralgia (joint pain). The subjects had never 
previously been diagnosed with osteoarthritis or rheumatoid arthritis. However, they did suffer from 
reduced strength, mobility, flexibility, and generalized temporary or recurring discomfort of the 
surrounding supportive tissues of the knee and/or hip. (37)

The study design was an IRB-approved, double-blind, placebo-controlled, three-arm, 56-day informed 
consent trial to evaluate the effects of the multi-component formula. Of the 140 subjects, 107 completed 
the trial—32 subjects in Group A, 40 subjects in Group B, and 35 subjects in Group C. 

Group A subjects were administered a commercially-available chondroitin-glucosamine supplement. 
Group B subjects were administered the “Joint Health” product and Group C was given a palm kernel oil 
placebo.

Primary outcomes included: comparison of changes in range of motion using a standard Goniometer, the 
six-minute walk test, Beighton joint flexibility test, WOMAC and VAS.

WOMAC and VAS
A further primary outcome variable was to detect any changes in joint pain using the Western Ontario 
and McMaster Universities Osteoarthritis Index™© pain assessment and pain intensity rating scale 
(WOMAC). The WOMAC pain intensity rating scale has been tested for validity. WOMAC subscales 
(pain, stiffness, and physical function) were previously shown to be internally consistent with Cronbach’s 
coefficient alpha of 0.91, 0.81, and 0.84, respectively. Test–retest reliability was satisfactory with ICCs of 
0.86, 0.68, and 0.89, respectively. (48) The validity and statistical significance of WOMAC confirms that it 
is a robust and appropriate assessment of pain used in the present study. (49)

Additionally, a primary objective outcome variable was measured by subjects answering a daily on-line 
Visual Analogue Scale (VAS) pain-assessment. The Visual Analog Pain-Assessment Scale has been 
well-validated in clinical trial reviews of chronic musculoskeletal pain, knee osteoarthritis pain and hip 
pain. (50, 51, 52) The validity of the written version compared to a computerized version entitled WOMAC 
VAS 3.0 was assessed and considered a valid alternative to the written version. (52) In patients with 
chronic inflammatory or degenerative joint pain, the pain VAS has previously demonstrated sensitivity 
to changes in pain assessed hourly for a maximum of 4 hours and weekly for up to 4 weeks following 
analgesic therapy. The sensitivity to changes in pain using the Visual Analog Pain-Assessment Scale have 
been validated in studies going back to 1975. (53)

A Detailed Review of a Clinical Trial of a Multi-component, 
FlexPro MD®, Containing Zanthin® Astaxanthin, LMW-HA and 
Krill Oil:
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The primary outcome variables were tested at baseline (day 0) and on days 14, 28 and day 56, with an 
additional Daily Diary VAS assessment on Day 7.  The secondary objective of the study was to assess the 
safety of the product in comparison to the glucosamine-chondroitin group and the placebo group taking 
palm kernel oil. Another secondary objective was to evaluate the safety of the test product and to note if 
there were any adverse events.

To assess the safety of the ‘Joint Health’ test product, blood samples were taken at the beginning and at 
the end of the 56-day trial, including a clinical chemistry profile that included a lipid profile, total choles-
terol, lipoproteins, triglycerides, and a high sensitivity C-Reactive protein test. A measure of RBC 
omega-3 fatty acids and a gene expression evaluation. Adverse events were self-reported, recorded and 
then evaluated by the clinical staff. 

Subject compliance was excellent. Very little rescue medication was requested and the few adverse events 
(AE’s) that were reported were minor (mainly headaches) and were probably not attributable to the ‘Joint 
Health’ product. 

During the 56-day study, the participants periodically visited the clinic to replenish the study product; 
for joint flexibility/mobility measurement using the Beighton Joint Flexibility Test; for participation in a 
six-minute walk test; and to have their pain levels measured by the Western Ontario and McMaster 
University Osteoarthritis Index™© pain assessment and pain intensity rating scale (WOMAC). In 
addition, the participants had to answer daily an on-line Visual Analog Scale (VAS) pain assessment. 

Results Assessment
The subjects in the active Group B who were administered the “Joint Health” product had lower scores at 
every time point measured, i.e., on days 15, 29 and day 57 using the WOMAC pain intensity rating scale; 
Group B also had lower scores on days 7, 14, 28, 35, 42 and day 56 using the VAS self-assessed pain 
intensity rating scale when compared to the subject scores in Group A given the glucosamine-chondroitin 
product and Group C given the palm oil placebo. 

The data showed a highly statistically significant pain reduction effect in Group B given the “Joint Health” 
product over the entire course of the study, with a 35% pain reduction after 14 days treatment, 
increasing to a 44% reduction after 28 days and a 55% reduction after 56 days of treatment.
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Figure 1.

More effective than glucosamine-chondroitin within 7 days
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The Group B subjects reported 
pain relief as early as 7 days from 
the onset of treatment. By day 56, 
Group B reported a 55% reduction 
of pain from their baseline levels. 
Groups A and C at day 56 report-
ed lower pain reductions of 35% 
and 30%, respectively, compared 
to their baseline levels. A further 
analysis of the pain data involved 
quantization of the number of 
subjects that joint comfort on that 
day and continued to experience 
joint comfort until the conclusion 
of the study.  Having “total joint 
comfort” was defined as having a 
sum total WOMAC or VAS level of 
9 or less on the day queried and all 
subsequent days, for the five ques-
tions posed.  Figures 1-4 show the 
trend of subjects experiencing relief 
through the trial. On day 56, the 
percentage of subjects that experi-
enced joint comfort determined by 
WOMAC and VAS were 63% and 
68%, respectively, whereas less than 
30% of the subjects in Group A and 
C experienced joint comfort. 

The knee range of motion (ROM) 
data was not definitive using the 
Beighton Flexibility test or Goniom-
eter measurements at the end of the 
study due to confounding results. 
The subjects in Group A given
glucosamine-chondroitin had a 
greater maximum change in range 
of motion between the two tests 
at the end of the study. Also, the 
subjects in Group A had a greater 
initial change in range of motion 
between the two tests at the end of 
the study. 

2 times more effective than glucosamine-chondroitin in reducing joint discomfort
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Figure 3. WOMAC Pain Decrease from Baseline
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Figure 4. WOMAC Pain Score Test
Percentage of Subjects Asserting "Normal Joint Comfort"
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The mean triglyceride values of the three groups were in the normal range when measured on the two 
test days during the trial. No effects were observed in the study either because the krill oil dose was 
considerably lower than the one to three grams needed for hypocholesteremic effects seen in human 
trials (54, 55), or simply due the fact that the subjects in the study had relatively normal serum lipid 
levels to begin with. The mean VLDL levels in the three groups was in the normal range at day 0 and 
day 56 when tested; the mean HDL levels for all groups was above 39 mg/dl on both test days; the 
mean LDL-Cholesterol levels averaged above 99 mg/dl at the commencement of the study and re-
mained above this level throughout the study because of higher values in many of the study 
participants, but this was not due to any aberrant data points. We conclude that there was no 
significant effect on serum lipids in the ‘Joint Health’ group, the glucosamine-chondroitin-group or 
in the palm oil placebo group. 

High Sensitivity C-Reactive protein (hs-CRP) levels were measured over the course of the trial. A 
large majority of the study participants had normal hs-CRP throughout the study. However, some 
subjects had periodic ‘flare-ups’ of their inflammation, and these higher levels skewed the group’s 
averages on certain days, however of the few recorded hs-CRP flare-ups all resolved between test 
points. 

Omega-3 fatty acid levels increased an average of 20.14% in the blood of the subjects given the ‘Joint 
Health’ product. 20 of the 23 fatty acids measured showed an increase in the active ‘Joint Health’ 
group.

Post Study Questionnaire Results
The results of a final questionnaire were very positive in favor of the active ‘Joint Health’ group, who 
perceived the product to have “positive effects” and they expressed a high level of “intent to buy”.

Safety Assessment
All products tested were determined to be safe in this study as demonstrated by clinical blood 
analyses, which included lipid profiles. The vital signs, self-reported adverse events (AE’s) and 
physical examinations also demonstrated the safety of the ‘Joint Health’ product, the glucosamine
-chondroitin product, and the palm kernel oil placebo in the present study. No changes in blood 
parameters were seen in any of the study participants in the three groups during the study.

Validation of Lipopolysaccharide (LPS)-induced in vivo 
Arthritis Mouse Model
To validate the mechanisms of FlexPro MD®’s in the above human trial, we used a well-established 
lipopolysaccharide (LPS-induced arthritis model) in male C57BL/6 mice who were 8 to 10 weeks old. 
The LPS-induced arthritis model was performed as described previously and is well-validated as a 
clinical model of inducing synovial arthritis. (61, 62, 63)



Mice were divided into five groups—a normal group, an LPS induced-arthritis group (a negative 
control), an indomethacin group (a positive group, 1 mg/kg.), and 2 groups (one group orally adminis-
tered 33 mg/kg) (one group orally administered a human clinical equivalent dose of 67 mg/kg.) of MD. 
On day ‘0’, mice were fed indomethacin or FlexPro MD® with two doses orally at 2-day intervals for 15 
days before injecting LPS (10 ug/per mouse into the mouse intra-articular knee) one time. LPS was 
injected one more time 7 days after the first injection. Phosphate-buffered saline (PBS) served as the control. 
Indomethacin and FlexPro MD® were further administered orally at 2-day intervals for two weeks.

The Analyses of Inflammatory Markers:

At the end of the experiments, the knee joint tissues from each experimental group were collected for 
the analysis of inflammatory markers. The following markers were measured: interleukin 6 (IL-6), tumor 
necrosis factor (TNF-α), interleukin 1 beta (IL-1β), pro-inflammatory cytokines; interleukin 10 (IL-10), 
an anti-inflammatory cytokine; and C-Reactive protein (CRP), a marker of inflammation.

Investigation of FlexPro MD® on Cytokine Expression in 
the Mouse Model
To investigate the effects of FlexPro MD® on the inflammatory cytokine expression in the LPS-induced 
arthritis model, mice were sacrificed and the mRNAs were isolated from the knee joints. Quantitative 
real-time-PCR analysis was performed as described. As shown in Figure 5A, FlexPro MD® significantly 
reduced the mRNA levels of pro-inflammatory cytokines, including IL-6, TNF-α, and IL-1β. Moreover, 
FlexPro MD® treatment increased IL-10 mRNA levels. (Figure 5B). 

Figure 5. Flexpro MD® modulated inflammatory cytokine expression. Indomethacin (1 mg/kg) 
or FlexPro MD® with 2 doses (33 mg/kg and 67mg/kg) were orally administrated at 2-day intervals for 
15 days before injecting LPS. At day 2 from LPS injection, indomethacin and FlexPro MD® were further 
administered orally at 2-day intervals for two weeks. Levels of IL-6, TNF-α, and IL-1β mRNAs were 
determined by real-time PCR analysis, and the values were normalized to β -actin mRNA expression. (B) 
As in (A), the anti-inflammatory IL-10 mRNAs were determined.
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Effects of FlexPro MD® on NF-kB Dependent iNOS and 
COX2 Expression

To investigate the effects of 
FlexPro MD® on iNOS and 
COX-2 expression, their expres-
sion in synovia of knees was 
quantitatively measured by using 
quantitative real-time PCR. As 
shown in Figure 6, FlexPro MD® 
treatment ‘significantly decreased 
the mRNA levels of iNOS and 
COX2. The data suggest that Flex-
Pro MD® inhibits the NF-kB-
dependent pathway in knee joints.

Effects of FlexPro 
MD® on MMP1 and MMP2 
expression
The irreversible destruction of the cartilage and bone that comprise synovial joints is the hallmark of 
both rheumatoid arthritis and osteoarthritis. Since the expression of metalloproteinases, such as MMP1 
and MMP2, is elevated in arthritis and these enzymes degrade non-collagen matrix components of the 
joints (65), we investigated whether Flexpro MD® could inhibit MMP1 and MMP2 expression in knee 
joints. We found that FlexPro MD® significantly inhibited the expression of these key metalloproteinases. 
(Figure 7). These results suggest that FlexPro MD® can effectively protect the degradation of non-collagen 
matrix components.

Figure 7. FlexPro MD® 
inhibited expression of MMP1 
and MMP2. (A-B) Levels of 
MMP1 (A) and MMP2) (B) 
mRNAs were determined by 
real-time PCR analysis, and the 
values were normalized to β-actin 
mRNA expression.

Figure 6.
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Effects of FlexPro MD® on CRP Expression in Mouse Knee 
Joint Tissues
The physiological role of CRP is to activate the complement system for the disposal of dying cells, and its 
levels are expected to be higher at the source of an inflammatory process in the synovial fluid rather than 
systemically. Therefore, we measured the hs-CRP levels in the synovial fluid of the LPS-induced arthritis 
mouse model. (66, 67, 68)

mRNA levels of hs-CRP were quantitatively measured by using quantitative real-time PCR. The LPS-
induced hs-CRP mRNA expression was significantly inhibited by FlexPro MD® treatment illustrated in 
Figure 8.

Thirty days of continuous oral administration of 
33 mg/kg and 67 mg/kg of FlexPro MD® in the LPS 
Mouse model significantly lowered the levels of the 
pro-inflammatory cytokines IL-6, TNF-α, IL-1β and 
the key inflammatory markers indicating the up-
regulation of NF-kB expression, iNOS and COX-2. 
FlexPro MD® also simultaneously upregulated levels 
of the anti-inflammatory cytokine IL-10 equal to the 
effects of indomethacin. The results obtained in this 
study show that FlexPro MD® has sufficient potential 
to continue its use as a novel supplement or nutra-
ceutical for joint discomfort.

The macrophage-like cell line RAW264.7 is the most 
commonly used mouse macrophage cell line in 
medical research. Because of ease of cell propagation, 
high efficiency for DNA transfection, sensitivity to 
RNA interference, possession of receptors for many 
relevant ligands, and other properties, RAW264.7 has 
been chosen by the Alliance for Cellular Signaling as 
the primary experimental system for their large-scale 
study of signaling pathways. The RAW264.7 cell line 
has limitations for viral studies, however. (69, 70, 71)

The use of intra-articular injection of LPS to induce joint arthritis is a well-established experimental in 
vivo mouse model and in in vitro cell studies of inflammation. (60, 61, 62) The present cell study used 
real-time PCR to measure the levels of IL-1β, TNF-α, IL-6 and the levels of IL-10, an anti-inflammatory 
cytokine in LPS-treated RAW264.7 cells to delineate the effects of FP-MD treatment in this model. 

Figure 8. FlexPro MD® inhibited hs-CRP 
expression. Levels of hs-CRP mRNA was deter-
mined by real-time PCR analysis, and the values 
were normalized to B-actin mRNA expression.
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FP-MD lowered LPS-induced IL-6 levels in a linear, step-wise fashion at doses from 10 micrograms per 
mL, 33 micrograms per mL and 100 micrograms per mL illustrated by the bar graph in Figure 9A. FP-MD 
also lowered LPS-induced TNF-α levels in a step-wise, dose-dependent manner in doses from 10, 33 and 
100 micrograms per mL shown in the bar graph B in Figure 9B. In Figure 1C, FP-MD lowered LPS-
induced IL-1β expression levels step-wise at doses ranging from 10, 33 and 100 micrograms per mL 
As seen in Figure 9D, LPS alone induced the anti-inflammatory cytokine IL-10 in RAW264.7 cells at a 
dose level of 10 ng. per mL over a two-hour time-period. FP-MD at 10 micrograms per mL for one hour 
increased IL-10 expression to about half as much as LPS did. However, FP-MD elevated IL-10 expression 
levels higher than LPS itself at a dose of 33 micrograms per mL. At a 100 ug/mL dose, FP-MD increased 
IL-10 levels several times higher than LPS alone or FP-MD at the two lower doses as seen in Figure 9D. 

Figure 9.
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Since one function of IL-10 is to downregulate the levels of other pro-inflammatory cytokines, since 
IL-10 can block NF-kB, AP1 and p38 and is involved in the regulation of the JAK-STAT pathway. IL-10 
suppresses CD4 T-cell activation and LPS-induced TNF-α, IL1b, IL-12 and IFN-y from the TLR (Toll 
Like Receptor) triggered myeloid lineage cells. (72, 73, 74, 75, 76, 77, 78, 79)

NF-kB and MAPK (mitogen-activated protein kinases) are necessary signaling pathways for the up-
regulation of cytokine expression in LPS-induced inflammation. To determine whether FP-MD regulates 
NF-kB and MAPK activation, phosphorylation levels of NF-kB, JNK, p65 and IkB were compared to a 
DMSO control. 

    Seen in Figure 10A, FP-MD 
strongly reduced LPS phos-
phorylation of NF-kB p65 and 
IkB-a versus a DMSO placebo. 

In Figure 10B, FP-MD had no 
effect in phosphorylation levels 
of ERK, p38 or JNK. This demon-
strates that FP-MD specifically 
inhibits only the NF-kB signal-
ing pathway. ERK, p38 and JNK 
are MAPK’s that are not directly 
affected by FlexPro MD® in this 
LPS-induced inflammation model 
in the RAW264.7 cell line. 

The in vitro results using 
RAW264.7 cells further demon-
strate the FlexPro MD® can mod-
ulate inflammation by lowering 
the pro-inflammatory cytokines 
IL-6, TNF-α and IL-1β found to be 
present at high levels in arthritic 
joints. These results also demon-
strate that FlexPro MD® lowers 
these pro-inflammatory cytokines 

through the NF-kB pathway by inhibiting phosphorylation of p65 and IkB-a without affecting the phos-
phorylation of ERK, p38 and JNK, which are all MAPK’s, another major alternative pathway to inflam-
mation. The other in vitro benefit of FlexPro MD® is that adding it to the RAW264.7 cells increased IL-10 
levels at 33 ug/mL but dramatically elevated IL-10 levels at 100 ug/mL IL-10 is an anti-inflammatory 
cytokine that inhibits TNF-α, IL-1β and IL-6. (89)

The unique combination of LMW-HA and AST in FlexPro MD® provides several benefits—only LMW-HA 
restores I kappa B alpha protein levels. The predominant form of NF-kB is a heterodimer composed of 
p50 and p65 subunits. In unstimulated cells, the NF kappa B heterodimer is kept as an inactive cyto-
plasmic complex by inhibitory proteins, such as I kappa B alpha and I kappa B beta. I kappa B alpha 
levels are elevated by LMW-HA, but not by HMW-HA. The induction of I kappa B expression was not 
observed for other glycosaminoglycans (GAGs) tested. (81, 82)
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Lower molecular weight hyaluronic acid has excellent oral bioavailability—LMW-HA fragments bind 
specifically to connective tissue which maximizes interaction with target synovial fluid-producing cells. 
LMW-HA fragments may promote site repair by stimulation of the innate immune system, bringing the 
joint back to normal homeostasis. In skin studies of keratinocytes, LMW-HA increases the self-defense 
of skin epithelial cells, the keratinocytes, which then produce B-Defensin-2 through TLR activation and 
this is not accompanied by an inflammatory response—no production of IL-1β, TNF-α, IL-6 or IL-8 was 
observed. (96)

LMW-HA enhances osteoclast formation and helps restore osteoclast function in RAW264.7 cells. 
LMW-HA activates the differentiation of RAW264.7 cells into osteoclasts via RANKL in a dose-dependent 
manner, whereas HMW-HA has almost no effect. RANKL is a member of the tumor necrosis family and 
triggers osteoclastogenesis by forming a complex with RANK. Bone resorption is a multi-step, dynamic turn-
over process that slows in the arthritic joint. (97) Stimulating osteoclast formation and restoring osteo-
clast function in the arthritic synovial joint by LMW-HA holds promise that arthritic joint function can 
be restored. It was earlier reported that HA activates CD44 in bone marrow stromal cells by stimulating
RANKL expression. Bone marrow stromal cells have the same lineage as alveolar macrophages. (98) In 
the study under discussion here, the researchers found that the expression of CD44 function-blocking 
monoclonal antibody remarkably inhibited the effect of LMW-HA on the signal introduction of c-Src 
and RANK in RAW264.7 cells. The expression of CD44 in osteoclasts “leads to the localized degradation 
of HA in the joint cavity, which, in turn, leads to induction of osteoclast formation and activation 
mediated by LMW-HA in the surrounding tissues.” (96)

The AST in FlexPro MD®is a superoxide dismutase (S.O.D.) mimetic. A major hallmark of 
arthritic synovial fluid is low levels of S.O.D., the enzymatic function of which is to dismutate two 
superoxide radicals into the far less reactive hydrogen peroxide. AST completely traverses the lipophilic 
and hydrophilic multi-layer components of cell and organelles membranes to use its biphasic quenching 
of free radicals regardless of whether radicals are generated or passing through hydrophilic or lipophilic 
layers. AST enters the mitochondria of chondrocytes. In chondrocytes, increased IL-1β levels stimulates 
them to shift their production from collagen type I and II to produce and increase MMP-13 via 
upregulation of NF-kB, while increased TNF-α levels inhibit the P13K/AKT pathway which suppresses 
proteoglycan/ collagen Extra Cellular Matrix (ECM) products. AST, unlike RA drugs that are immuno-
suppressive, lowers TNF-α levels without suppressing the immune system. Increased mitochondrial 
dysfunction induces JNK signaling pathways which eventually leads to chondrocyte 
apoptosis. (83, 84, 85, 86, 87, 88) 
                                                                                               

Discussion of the LPS Mouse Data and the in vitro Raw Cell 
Data vis-à-vis the Human Clinical Trial Data:
These results using oral FlexPro MD® in an LPS-mouse model of joint inflammation help delineate the 
effects discovered in a 107-subject clinical trial of FlexPro MD®, which demonstrated surprisingly robust 
and rapid onset observed as early as day 7 in the active ‘Group B’. On day 56, the percentage of subjects 
that were ‘pain free’ determined by WOMAC and VAS were 63% and 68%, respectively, whereas less than 
30% of the subjects in Group A and C were ‘pain free’. Group A in this study was treated with a standard 
glucosamine/ chondroitin product and Group C was given a palm oil placebo.

All the subjects in the FlexPro MD® group had lower anti-inflammatory markers, although the changes 
were not statistically significant. There was a trend toward a reduction in expression of the pro-inflam-
matory genes with none of the genes analyzed showing an increase in expression. 83% (31/38) of subjects 
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had at least one gene that exhibited a 25% or greater decrease in expression on Day 29 relative to Day 0. 
79% of subjects had at least one gene that exhibited a 25% or greater decrease in expression on Day 57 
relative to Day 0 levels.) 

77% of the subjects who had lower NF-kB 
whole blood gene expression levels in the 
FlexPro MD® treated group also had lower 
whole blood levels of PTGS2 (COX-2). This 
confirms that the downregulation of NF-kB 
measured in whole blood is reflected by the 
lower levels of COX-2, one of the two NF-kB 
primary biomarkers in a sub-group of the 
subjects. However, most of the 38 subjects 
who had lower pain scores or who were 
‘pain-free’ did not show that specific inflam-
matory biomarker relationship in whole 
blood, and their pain reductions may be due 
to other effects, perhaps related to changes in 
nocioception caused by FlexPro MD®. 
Furthermore, a modest reduction in two or 
more pro-inflammatory genes may have an 
additive or synergistic effect on joint inflam-
mation, whether through nocioception or 
other mechanisms.

The inhibitory efficacy of FlexPro-MD® in reducing inflammatory cytokines, MMPs and CRP, while 
raising the anti-inflammatory IL-10 levels in an LPS-induced mouse arthritic joint model further 
details the mechanisms responsible for FlexPro MD®’s effectiveness for the attenuation of inflammation 
in arthritis. The LPS-induced inflammatory cytokine inhibition in this mouse model provides more 
specific details explaining the extraordinary pain relief results reported in the above unpublished double-
blinded placebo controlled human clinical trial of FlexPro MD® conducted in subjects suffering from 
mild to moderate knee pain.

The further elucidation of FlexPro MD®’s mechanisms of action was demonstrated in an in vitro study 
using RAW264.7 mouse macrophage cells, where the exact mechanism of inhibition of iNOS, TNF-α and 
IL-1β were due to strongly decreasing phosphorylation of NF-kB p65 and IkBx versus a DMSO placebo, 
while having no effect on phosphorylation levels of ERK, p38 or JNK, all MAPK kinases. This demon-
strates in vitro that FP-MD specifically inhibits only the NF-kB signaling pathway and not through the 
MAPK pathway. 

Nocioception
Pain and the immune system influence each other in complex ways, making it difficult to determine 
which is cause and effect. However, lowering pro-inflammatory cytokines clearly lowers severe pain. (90) 
IL-1β and TNF-α, the first cytokines formed after tissue damage, act directly on receptors on sensorial 
neurons, leading to a cascade of other cytokines, prostanoids, nitric oxide, chemokines, kinins and ATP. 
TNF-α and IL-1β also contribute to activating the complement pathway. The complement pathway causes 
glial cell proliferation and hypertrophy in the Central Nervous System (CNS), causing release of TNF-α, 
IL-1β and IL-6, resulting in a network of independent activation. (91, 92, 93, 94, 95) 

GENE		  DAY 29		  DAY 57
IL-1β		  26%			  15%
IL-6			   34%			  23%
NFK-B1		  18%			  15%
NOS-2a		  31%			  33%
PTG-S2		  24%			  26%
TGF-B3		  26%			  28%
TNF			   24%			  13%
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FlexPro MD® has nocioception properties by lowering IL-1β and TNF-α in arthritic synovial joints, while 
elevating levels of IL-10, which also is known to lower IL-1β and TNF-α as a part of its anti-inflammatory 
function. The LPS-induced arthritic joint synovial clinical study in mice, described above, demonstrates 
FlexPro MD®’s ability to lower TNF-α and IL-1β, while elevating the anti-inflammatory cytokine IL-10 in 
a dose-dependent manner. 

The rapid onset of relief (7 days) reported in the human trial described above demonstrates that FlexPro 
MD® lowers generalized discomfort of the surrounding supportive tissues of the knee and/or hip.”  By day 
56 of that study, the active group treated with FlexPro MD® reported a 55% reduction of discomfort from 
their baseline levels. On day 56, the percentage of subjects that were ‘pain free’ determined by WOMAC 
and VAS were 63% and 68%, respectively, whereas less than 30% of the subjects in Group A treated with a 
standard dose glucosamine/chondroitin supplement, and Group C, a placebo group, reported pain relief. 

A further in vitro study delineated the precise mechanism of FlexPro MD®’s modulation of inflammation 
by lowering the pro-inflammatory cytokines Il-6, TNF-α and IL-1β found to be present at high levels in 
arthritic joints. These results demonstrate that FlexPro MD® lowers these pro-inflammatory cytokines 
through the NF-kB pathway by inhibiting phosphorylation of p65 and IkB-a. 

Whether FlexPro MD® acts directly on sensorial neurons remains to be determined in future studies. 
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