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Abstract
Sustaining the health of the bones and joints is a pertinent issue that is challenging for the medical community 

nationwide. Chronic inflammation has been implicated as a major contributing factor for the systemic degradation and 
disruption of the articular and skeletal systems. Accordingly, medical practitioners and pharmaceutical companies are 
currently directing treatments toward restoring healthy inflammatory response in order to strengthen the human body’s 
capability to target endogenous degradation of bone and joint tissue. However, improving overall health involves more 
than targeting inflammation, and should also focus on activating cellular machinery which supports the regeneration of 
de novo bone and cartilage through a process known as osteoinduction. Bone Morphogenetic Proteins (BMPs) have 
been identified as the regulators of the osteogenic differentiation of Mesenchymal Stem Cells (MSCs) into multiple 
cell lineages such as osteoblasts and chondrocytes. Cyplexinol® is a natural BMP complex, which consists of a 
collagen fragment matrix with the BMPs and endogenous growth factors bound within and to the matrix. Upon oral 
administration of the BMP-complex, the BMP moieties bind to receptors within the GI lumen where they quickly confer 
both osteoinductive and anti-inflammatory activity. It is the osteogenic properties of the BMPs which differentiate the 
MSCs into osteoblasts to promote the growth of de novo bone tissue, providing the critical surface for minerals to bind 
to healthy bones. Similarly, the osteoinductive proteins have also been proven to turn MSCs into chondrocytes for 
new cartilage tissue growth via proteoglycan excretion. This review will describe clinical work which demonstrates the 
efficacy of Cyplexinol®, highlighting how this supplement induces MSC differentiation.
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Introduction
The preservation of bones and joint health is at the forefront 

of medical issues nationwide. Key statistical reports indicate that 
osteopenia and osteoporosis are major health problems for about 54 
million people over the age of 50 in the United States (US) [1]. This 
number represents approximately 55% of individuals in this age group. 
It has been estimated that more than 52 million people in the US would 
be affected by this health issue by 2010, and it is proposed that this figure 
will increase to more than 60 million by the year 2020 [2]. Osteoporosis 
has also been implicated as the cause for at least two million cases of 
bone fracture as well as 19 billion dollars in annual medical costs [2]. It 
is estimated that this cost will rise to about 25 billion annually by 2025.

In relation to joint problems, the Centers for Disease Control and 
Prevention (CDC) reports that an estimated 54 million Americans 
have arthritis or another form of rheumatic disease, with an expected 
increase of 78 million cases by the year 2040 [3]. The term “arthritis” 
in fact denotes over 100 different conditions that affect the joints. 
Osteoarthritis (OA) is the most common form of arthritis, followed by 
other forms such as Rheumatoid Arthritis (RA), lupus, and gout [3]. 
Symptoms associated with bone and/or joint damage include pain, 
stiffness, inflammation, and swelling.

Chronic inflammation, in particular, has been implicated as a 
contributing factor for the systemic degradation and disruption of 
the articular and skeletal systems [4]. Indeed, inflammation is usually 
present in the joints before an individual begins to experience physical 
symptoms such as pain or the loss of mobility. Overexertion of the 
bones, joint overuse, gradual degeneration, or blunt trauma induce 
Pathogen- and Damage-Associated Molecular Patterns (PAMPS and 
DAMPS), which signal the immune system that there is a state of 

infection, damage, etc., that requires a directive in terms of combating 
the infection or beginning the repair process. 

The development of chronic inflammation that affects damaged 
joints is attributed to pro-inflammatory by-products that emanate from 
a damaged Extracellular Matrix (ECM) such as DAMPS, hyaluronan, 
and fibronectin. This leads to synovial abnormalities and increased 
synovial fluid volume [5,6]. Hyperplasia of the synovium, infiltration 
of mononuclear cells, fibroblast-like synoviocyte activation, and the 
production of catabolic mediators (such as matrix Metalloproteinases 
(MMPs), interleukin-1 beta (IL-1β), and tumor necrosis factor alpha 
(TNF-α)) also play a role in joint destruction [7]. Synovitis is a secondary 
response; this cascade induces the thickening of the synovium as well 
as the release of destructive proteases and inflammatory cytokines that 
further damage articular cartilage [5]. Research indicates that joint 
injury of almost any kind may contribute to the onset of conditions such 
as OA. In some cases, however, they may also occur in conjunction with 
bone sclerosis, capsular fibrosis, and osteophyte formation [5,8].

Osteopenia and osteoporosis that subsequently develop in a number 
of cases are characterized by the loss of bone mass, the microarchitectural 
deterioration of bone tissue, and osteoclastic bone resorption that leads 
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to increased bone fragility and enhanced fracture risk [9]. Increased 
osteoclast activity results in the heightened pumping of protons through 
active ion channels into the extracellular space. This process lowers the 
pH of the microenvironment and causes bone mineral to deteriorate 
[10]. Type 1 collagen is also degraded during bone resorption and this 
leads to the accumulation of by-products (including calcium) that are 
released into the blood and excreted from the body through the kidneys. 
However, again, inflammation plays a major role in the progression of 
pathophysiological changes.

Research has shown that fibronectin activity induces the production 
of pro-inflammatory cytokines such as MMP-1, MMP-3, IL-1β, and 
TNF-α, which are associated with the development of a severe form of 
shoulder joint damage called chrondrolysis, which is characterized by 
the abrupt loss of joint cartilage [4]. An additional pro-inflammatory 
pathway involves the increased expression of cyclooxygenase 2 (COX-
2), cytokines, apoptosis inhibitors, and growth factors. NF-kappa β also 
plays a significant role in the accelerated breakdown of bone, thereby 
promoting osteoclastic activity over osteoblastic activity. Indeed, NF-
kappa β activation contributes to the onset of a process called Receptor 
Activator NF-Kappa β Ligand (RANKL)-induced osteoclast formation. 
The NF-kappa β pathway is primarily activated by pro-inflammatory 
cytokines such as IL-1 and is, thusly, a promising therapeutic target for 
bone and cartilage conservation [11]. 

Accordingly, medical practitioners and pharmaceutical companies 
are more aggressively directing treatment approaches toward pro-
inflammatory modulation as a means of strengthening the human 
body’s ability to withstand the endogenous degradation of bone and 
joint tissue. However, the key to improving overall health involves not 
only addressing inflammation, but also targeting the cellular pathways 
that support the regeneration of de novo bone and cartilage, a process 
known as osteoinduction. Osteoinduction involves the differentiation of 
Mesenchymal Stem Cell (MSC) progenitors into distinct cells such as 
osteoblasts or chondrocytes [12-14]. 

It is well known that bone and joint tissue genesis essentially share a 
common mechanism. In particular, MSCs differentiate into multiple cell 
lineages such as chondrocytes, fibroblasts, osteoblasts, and myoblasts, 
among others, and this leads to the formation of almost all bone, joint, 
and connective tissue types (e.g., cartilage, tendons, or ligaments) [14]. 
The activation of MSCs also facilitates healing within injured joints and 
damaged bones. That is, chondrogenic differentiation of MSCs promotes 
cartilage regeneration, whereas the osteogenic differentiation of MSCs 
into osteoblasts facilitates the integration of mineralized bone matrix 
proteins into bone [14,15]. This entire process is regulated by Bone 
Morphogenetic Proteins (BMPs), which belong to the Transforming 
Growth Factor-ß (TGF-ß) protein superfamily [16]. Growth factors 
such as basic Fibroblast Growth Factor (bFGF), Insulin-like Growth 
Factor-1 (IGF-1), Vascular ENdothelial Growth Factor (VEGF), and 
insulin-like growth factor (IGF) also support the maturation of nascent 
osteoblasts and chondrocytes [17-24]. 

In 2006, an oral natural ingredient called Cyplexinol® was developed. 
To date, it is the only protein complex that is comprised of BMPs and the 
active growth factors TGF-ß, bFGF, VEGF, and IGF. They are naturally 
bound to a specialized form of collagen in their natural physiologic levels. 
This protein complex has been proven to be an osteoinductive complex 
capable of stimulating the formation of de novo bone and cartilage since 
its discovery in 1965 [25], It has been successfully used in surgery to 
grow bone and cartilage since the 1980s. This supplement is derived 
from an organic food source and is suitable for oral administration. 
Cyplexinol® can naturally manage bone and cartilage health. A currently 

unmet medical need. Accordingly, this review will focus on the clinical 
work demonstrating the efficacy of Cyplexinol® to date, highlighting 
how this BMP-complex induces MSC differentiation.

Bone Morphogenetic Proteins as Regulators of 
Osteoinduction

Research shows that chondrogenic stimulants such as BMPs, 
particularly BMP-6, increase the deposition of the cartilage matrix [26]. 
In addition, BMP signaling has been shown to influence the growth of 
fibrocartilaginous tissue which comprises the integration sites of tendons 
or ligaments with the bone [27]. Furthermore, BMP-7 has demonstrated 
the ability to promote tendon/bone integration and healing [28]. The 
initiation of these processes is dependent upon the activation of Smads 1, 
5 and 8. More specifically, Smads 1, 5, and 8 are directly phosphorylated 
by the BMP-activated type I receptor and this leads to the formation 
of heteromeric complexes with Smad-4 [29]. Without BMP-activated 
type I receptor activation, the N-terminal Mad Homology (MH1) and 
C-terminal MH2 domains of Smads become linked and subsequently 
anchored as dimers to the plasma membrane. However, following receptor 
activation and phosphorylation of Smads 1, 5, and 8, the interaction 
between the MH1 and MH2 domains is disrupted, thereby allowing the 
formation of hetero-oligomers with Smad4. After the hetero-oligomer 
forms, the entire complex is translocatesd into the nucleus where it 
acts in cooperation with other transcription factors, co-activators and 
co-repressors that induce the expression of BMP-responsive genes. Id 
proteins, which play a role in the stimulation of BMP activity, are also 
induced in response to the Smad1/Smad 5 pathway. Therefore, BMPs 
appear to elicit some of their biological activity through Id proteins that 
are regulated by Smads 1 and 5 [29]. Finally, the activated Smad complex 
stimulates the expression of genes that promote the differentiation of 
MSCs into different cell lineages such as chondrocytes and osteoblasts. 
Once differentiation occurs, the underlying matrix can be remolded and 
repaired. Cyplexinol® was developed as an extract which contains the 
natural physiologic balance of BMPs and growth factors that are capable 
of stimulating de novo cartilage and bone growth. 

Cyplexinol® Safety and Clinical Efficacy
Accordingly, for the past 10 years, Cyplexinol® has been used orally as 

a natural ingredient in many supplements that promotes the osteogenic 
differentiation of MSCs. The safety profile for the oral administration of 
a BMP-complex was established in animal models as far back as 1993, in 
which animals (rats) were fed up to 100 times the normal human dose 
of a BMP-Complex and no adverse effects occurred [30] Furthermore, a 
2002 study involving murine models for both type I (estrogen deficiency) 
and type II (senile) osteopenia/osteoporosis demonstrated the negative 
effects of bone loss. First, it was observed that reduced bone formation 
resulted in lower numbers of adult MSCs as well as decreased osteogenic 
activity and proliferation. The second observation was that decreased 
proliferation was subsequently coupled with increased apoptosis in 
MSC cultures obtained from osteopenic mice. However, this study 
showed that the systemic administration of recombinant human bone 
morphogenetic protein (rhBMP-2), a highly osteoinductive protein, to 
osteopenic mice promoted the osteogenic differentiation of MSCs as 
well as increased proliferation, a decrease in apoptosis, and enhanced 
bone formation activity [31]. In older osteopenic male mice, rhBMP-2 
treatment also resulted in the restoration of articular and epiphyseal 
cartilage width to the levels that were observed in young mice [31].

One additional animal study involved the administration of 10 μg of 
BMP-6, which is one of the BMPs that Cyplexinol® is comprised of, to 
ovarectomized rats. Micro computed technology (micro-CT) analyses 
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loss. By 34 months the subject’s bone density score increased 51% from 
baseline [37], thereby supporting previous evidence which shows the 
ability of BMPs to promote bone regeneration.

More recently, an open-label, prospective trial was conducted in 
2015 which involved 44 participants (55+ years) with self-reported OA/
degenerative joint disease. About 68.2% of the enrolled participants 
were diagnosed with OA, and all of the participants were given 150 mg 
Cyplexinol® alone, daily for 4 weeks. Overall, the participants showed a 
49% decrease in joint pain, an 80% improvement in affected joint strength, 
and a 57% improvement in activity levels by week 4 in comparison to 
baseline visual analog scale (VAS) scores) [38]. Furthermore, no adverse 
events or required form of rescue treatment were reported by any of 
the participants. Therefore, there is sufficient supportive evidence for the 
safety and efficacy of the BMP-complex Cyplexinol®. 

Cyplexinol® Mechanism of Action
Cyplexinol® is a BMP-Complex that is extracted from certified 

organic, closed-herd, bovine femurs. The hydroxyapatite component 
of the bone is removed, leaving behind the native, partially hydrolyzed 
collagenous network of type 1 collagen and associated growth factors. 
Chief among these growth factors are TGF-β, IGF, bFGF, VEGF, and 
isoforms of BMPs [38]. The partially hydrolyzed collagen protects 
the active proteins and ensures their delivery to receptors in the 
Gastrointestinal (GI) mucosa, where they confer their osteoinductive 
activity upon MSCs [39]. In particular, the tertiary conformation of 
the proteins and collagen resists enzymatic and hydrolytic degradation. 
Furthermore, bioavailability studies have demonstrated that the target 
specificity of BMP can be attributed to the presence of BMP-7 receptors 
in the stomach and ileum of animals, which transport the active peptide 
rather than peptides that have been hydrolyzed into amino acids [40]. 
The presence of additional BMP receptors, in the gastrointestinal system 
have also been identified through animal models [41]. Accordingly, 
BMP-2, BMP-4, and BMP-7 are expressed in gastrointestinal tissues, 
where they have been shown to play a significant role in the regulation of 
cellular proliferation and differentiation [16]. Studies have also indicated 
that Smad 4, which forms a heteromeric complex with Smads 1, 5, 
and 8 after they are phosphorylated by BMP-activated type I receptor, 
is localized in the gastrointestinal system [42]. Therefore, the BMP 
signaling pathway facilitates the delivery and absorption of biologically 
active BMPs. 

Once the osteoinductive properties of the BMPs within the 
Cyplexinol® complex have been conveyed through the GI receptors, the 
osteogenic differentiation of MSCs into osteoblasts occurs, followed by 
the growth of de novo bone tissue and mineralization [37]. Similarly, 
the osteoinductive proteins that comprise Cyplexinol® have also been 
proven to turn MSCs into chondrocytes for new cartilage tissue growth 
via proteoglycan excretion [33]. However, in addition to facilitating the 
proper cellular groundwork for tissue regeneration, BMP activation can 
have a rapid response on pain signaling in the joint due to interleukin 
regulation/feedback [29]. The proliferation of inflammatory cytokines, 
such as IL-1 and IL-6, within the joint space can have detrimental 
effects on joint tissue. IL-1, in particular, activates MMPs and the NF-
Kappa B transcription factor, while elevated IL-6 levels leads to chronic 
inflammation. Accordingly, Cyplexinol® has been shown to down-
regulate the activation of pro-inflammatory cytokines such as IL-1 and 
IL-6 [36]. More specifically, this natural ingredient demonstrated the 
ability to disrupt the IL-1 and IL-6 inflammatory pathways in as little as 
seven days [36]. This positions Cyplexinol® as a truly unique ingredient 
that elicits a rapid anti-inflammatory effect. More importantly, the BMP-

of the distal femurs in the BMP-6 treated animals demonstrated an 
increase in bone volume of 78%. Furthermore, BMP-6 treatment also 
increased the osteoblast surface for 32% and decreased the osteoclast 
surface for 29% of the animals in the treatment group in comparison 
to the control (ovarectomized-only) and sham groups. Therefore, 
the results showed that BMP-6 is a systemic bone anabolic agent that 
restores bone inductive capacity, microarchitecture, and quality of the 
skeleton in osteoporotic rats [32].

BMP-6 administration was also evaluated in an in vitro model 
involving human articular chrondrocyte samples that were obtained 
from individuals with or without OA. The key findings from the study 
were that BMP-6 stimulated the growth and repair of joint tissue 
in both healthy and OA samples, and independent of OA, BMP-6 
increased biosynthesis of proteoglycans cartilage building blocks [33], 
thereby suggesting a homeostatic role in maintaining the integrity of 
adult cartilage. Chondrocytes play a major role in the development and 
repair of the ECM of cartilage by synthesizing matrix components such as 
proteoglycans and glycosaminoglycan side chains, and secreting them into 
the ECM [34]. Therefore, these results demonstrate that BMP-induced MSC 
differentiation has the ability to initiate the regeneration of the underlying 
architecture of numerous tissue types within the joints [29]. 

A similar study also showed that BMP-4 and BMP-5 expression was 
significantly decreased in the synovial tissue samples of participants 
with RA and OA in comparison to the tissue samples of Normal Donors 
(NDs) [35]. These findings indicate that BMP plays a specific role in joint 
homeostasis that is disrupted by inflammatory and/or degenerative joint 
diseases, but also that BMP supplementation has restorative properties 
on the joints.

The animal and in vitro studies were followed by clinical trials that 
also demonstrated the safety of taking the BMP-complex Cyplexinol®. 
In a 2012 open-label, randomized, prospective trial, 28 participants 
with OA (mean age 61 years) were given Cyplexinol® plus glucosamine/
chondroitin in a combined tablet daily for 4 weeks. The participants 
showed a rapid response to the treatment as early as seven days after the 
supplementation commenced [25]. Furthermore, pain and frequency 
of pain continually decreased as treatment continued. Participants 
reported an overall 55% reduction in pain by week 4, with increases 
in strength and overall activity [25]. None of the participants reported 
adverse effects.

In 2013, a larger, randomized, double-blind, placebo-controlled trial 
was conducted and 87 participants (55+ years) with OA-related joint 
pain were recruited. The participants were randomized into a treatment 
group that received 150 mg of Cyplexinol® alone, daily for 12 weeks, or a 
placebo group. The results showed statistically significant improvements 
in pain and stiffness, with an onset of action that occurred by day seven 
[36]. The gradual improvement of symptoms continued to week 12. The 
participants in the treatment group also reported a heightened quality 
of life in comparison to the controls (placebo group). More specifically, 
90% of participants experienced less pain and improved quality of life at 
12 weeks. None of the participants withdrew due to adverse side effects.

Furthermore, in a 2013 case study, a 59-year old woman diagnosed 
with menopause-associated osteoporosis and suffering from a progressive 
loss of bone mass who was administered 200 mg of Cyplexinol® twice 
daily for 34 months showed significant improvement in her DEXA 
scores. In particular, after taking calcium and vitamin D3 for 53 months 
her DEXA scored declined from -2.0 to -3.3 or moderate osteoporosis. 
Then, 200 mg Cyplexinol® twice daily was added and by month 8 of 
Cyplexinol® use, the subject’s bone scans indicated a cessation of bone 
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complex, Cyplexinol®, disrupts inflammatory pathways that would 
otherwise augment joint damage and in doing so, promotes joint health.

Discussion
Overall, clinical research has demonstrated the efficacy of 

Cyplexinol® in addressing both bone and joint health [25,36,37], 
thereby offering both healthy individuals as well as those affected by 
osteoarthritis and osteoporosis an alternative for optimal bone and 
joint health. In particular, scientific research demonstrates that this 
supplement provides benefits to the joints in as little as seven days; that 
this osteoinductive BMP-complex promotes the regeneration of joint 
and bone tissue; that it helps supports a healthy bone density, and that 
it encourages a healthy inflammatory response [25,36-38]. However, 
in addition to the osteoinductive capabilities of Cyplexinol®, research 
also shows that BMPs exert widespread anti-inflammatory activity [36] 
that includes the regulation of GI inflammation, thereby making it a 
promising ingredient for promoting GI health. 
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