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Osteoarthritis, which is the most common form of joint disease, is 
mainly an aging disease. Ninety percent of all people with weight-
bearing joints up to 40 years of age has the radiographic features of 
osteoarthritis. Symptomatic disease increases with age. Gender is 
also a risk factor; osteoarthritis in women commonly develops more 
than men.1

This arthropathy is characterized by the degeneration of cartilage 
and hypertrophy of the bone at the joint margins. Inflammation is 
usually minimal. Hereditary and mechanical factors may play a role 
in the pathogenesis. Obesity is a risk factor for osteoarthritis of the 
knee, hand and possibly hip. Jobs that require frequent bending 
and carrying increase the risk of knee osteoarthritis. 

Osteoarthritis (OA) is a joint disease that disrupts the normal 
balance of destruction and construction of articular cartilage, 
chondrocytes, extracellular matrix and subchondral bone and 
develops as a result of mechanical and biological events. It can be 
initiated by many genetic, developmental, metabolic and traumatic 
factors and affects all tissues in the diarthrodial joints.2

Osteoarthritis may be seperated info primary 
(idiopathic) or secondary etiologies such as traumatic, 
developmental, mechanical, metabolic, endocrine or 
inflammatory.

Theory on the pathophysiology of osteoarthritis 
continues to evolve. Current theory expands the 
focus beyond the articular cartilage. It deals with 
cartilage, synovial membrane, ligaments, joint capsule 
and muscle changes as well as the interaction 
between fragmentation and abnormal reshaping of 
subchondral bone. Early in life, these tissues may 
repair themselves. Over time, chondrocytes decrease 
in mitotic and synthetic activity and become more self-
sensitized against growth factors.

This leads to the formation of big and dysfunctional 
proteoglycans. As OA progresses, catabolic activity 
is sustained by inflammatory mediators of synovium 
(synovitis) and chondrocytes (i.e. NO, 11-18 and 
TNF)  In order to encourage disease to progress 
further, they move locally and lead to joint swelling/
infusions and clinical symptoms of stiffness and pain. 
These inflammatory manifestations eventually cause 
subchondral sclerosis, joint capsule thickening, 
synovial hypertrophy and degenerative changes in the 
bone marrow.3

Risk factors for Osteoarthriti

Unchangeable Age (the biggest risk factor) 

 Male gender

 Metabolic disorders

 Genetic disorders 

 Previous trauma 

 Presence of other joint diseases

Changeable Increased BMI

 Modifiable Nutritional deficiencies 

 Muscle weakness in the periphery 

Biomechanical Factors Joint strain (due to physical activity or occupation) 

 Anatomic malignancy
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The superficial layer of cartilage is harder than the 
other layers. Because collagen fibrils are found in 
high proportions. Breakdown and remodelling of 
collagen matrix in the superficial layer of joint cartilage 
are the early symptoms that are realised regarding 
degeneration of articular cartilage. Cartilage 
matrix consists of water and macromolecules 
(collagen, proteoglycans, non-collagenous proteins, 
glycoprotein). Approximately 80% percent of 
cartilage is water. In addition to these, matrix has 
noncollagenous acidic glycoproteins, lipids and 
calcium salts. 

This water passes into the synovial fluid with loading 
of the joint and returns with unloading. In cartilage 90- 
95% of collagen is type II and it is the main component 
which forms cross-banded  fibrils that provides tensil 
strength and rigidity of the cartilage. Proteoglycans 
fill the space between collagen fibers. Proteoglycan 
is composed of glycosaminoglycans which are 
bound to a core protein. Glycosaminoglycans found 
in cartilage are hyaluronic acid, chondroitin sulfate, 
keratan sulfate and dermatan sulfate. Proteoglycans 
are resistant to the liquid flow in cartilage. For this 
reason, hydraulic permeability, i.e. the elasticity of 
cartilage water, depends on the content of water and 
proteoglycan of the tissue.

Chondrocytes are selected cells that are involved 
in the osteoarthritis process including bone and 
synovium factors. Synovitis causes releasing 
of cytokines that activate chondrocytes through 
cell surface receptors, alarmines, damage-
associated molecular model molecules and 
complements. Matrix molecules in chondrocytes 
(collagen type 2, aggrecan) and matrix enzymes 
(e.g., ADAMTS-5 and matrix metalloproteinases, 
MMPs) responsible for degradation is activated. 
Bone invasion is realised by vascular endothelial 
growth factor (VEGF) and calcified cartilage 
triggered by other molecules. IL, interleukin; TGF, 
transforming growth factor; TNF, tumor necrosis 
factor. (Adapted from Loeser et al. Osteoarthritis: 
It is a Disease of the Joint as an Organ. Arthritis 
Rneum. 

Osteoarthritis pathology: It is characterized by 
osteoarthritic joint, degradation and loss of articular 
cartilage, bone marrow lesions and formation of 
cysts as well as thickening of the subchondral bone, 
osteophytes at the joint margins, synovitis with 
varying degrees of synovial hypertrophy, meniscal 
degeneration (knee) and thickening of the joint 
capsule. (reproduced from Loeser Rf Published. 
Age-related changes in the musculoskeletal 
system and the development of osteoarthritis. Dr. 
Clin Geriatr. 2010;26(3):371-386.)
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Even though osteoarthritis affects all elements of the joint such 
as cartilage that forms synovial joint, subchondral bone, synovial 
tissue, ligaments, capsule and muscles, primary changes include 
the loss of articular cartilage, subchondral bone remodeling and the 
development of osteophytes. In OA the earliest histological changes 
are fibrillation which extends from the superficial layer of cartilage 
to the transition layer as well as ttdemark vascularization and 
remodeling of subchondral bone. Morphologically, a large portion 
of the joint surface becomes irregular, the fibrillation gradually 
gets deeper and reaches out to the subchondral bone. In the initial 
period, macromolecular structure of the matrix deteriorates while 
the water content increases.

As Type II collagen concentration remains normal, concentration 
and aggregation of proteoglycan as well as the length of 
glucosaminoglycan chains decreases. Because of the disruption 
of the bonds between minor collagens and fibrils, swelling of 
aggregate molecules occurs. As a result of all these events, 
increase in the permeability makes water and other molecules in the 
matrix easier to move and stiffness of the matrix decreases. These 
changes cause cartilage to become less resilient to compression 
and mechanical stresses as well as leads to progressive cartilage 
loss by increasing the susceptibility of tissue against to mechanical 
damage. In the second stage, chondrocytes secrete mediators that 
stimulate cellular response.4

The synovial membrane is a vascular-rich connective tissue 
which extends along the posterior inner surface of the capsule, 
located in the intra-articular part of the bone but that does not 
cover the articular cartilage. Also, it contains abundant lymphatic 
vessels  and nerve fibers. Its regeneration capacity is high due 
to its good vascular supply. The dense vascular network in the 
subsynovial layer provides blood supply to the synovial cavity and 
it is responsible for the formation of synovial fluid. Synoviocytes in 
the synovial layer are responsible for shaping synovial fluid and 
synthesis and secretion of hyaluronan which plays an important 
role in the lubrication mechanism. The largest and most complex 
synovial membrane in the body is in the knee joint. Synovial is a 
filtrate of liquid plasma that passes through the synovial tissue into 
the synovial space. Hyaluronic acid (HA), which is a high molecular 
weight glycosaminoglycan secreted by synoviocytes, is added as 
it passes through the synovial tissue. The amount of synovial fluid 
does not exceed 2-4 ml even in the knee joint where it is the highest. 
Synovial fluid is bright straw yellow, clear, egg white in consistency 
and it is a liquid with high viscosity. Viscosity depends on HA 
content. Concentration of HA in synovial fluid is approximately 
2-4 mg/ml. Inflammatory, infectious, degenerative, traumatic or 
neoplastic origin synovial pathologies often affect the knee joint.5

SYNOVIAL FLUID

THE ROLE OF 
HYALURONATE

Synovial fluid normally appears colorless or straw-colored. 6

Synovial fluid provides joint lubrication and transports nutrients 
to the cartilage.7

Synovial fluid contributes to the extremely low friction and wear 
properties of the cartilage surface through liquid film lubrication 
and boundary lubrication mechanisms. Synovial fluid is produced 
by the synovium and it consists of water, inorganic salts and 
macromolecules, hyaluronic acid , lubricin and aggrecans.8

Although Synovial fluid from patients with OA has near normal 
lubricity, the Lubricin/Superficial Zone Proteins have been 
found to be ineffective in reducing friction in arthritic articular 
cartilage. Significantly decreased levels of lubricin in joint fluid 
from patients with ligament injury and also decreased lubricating 
ability in joint fluid aspirates in patients with traumatic synovitis 
have been observed.9

Hyaluronic acid (HA) is a naturally occcuring unsulfated 
glycosaminoglycan (GAG) non-protein compound that has 
distinct physico-chemical properties of recurrent B-1,4-D-
glucuronic and B-1,3-N acetylglucosamine units.

HA has excellent viscoelasticity, high moisture retention 
capacity, high biocompatibility and hygroscopic properties. As 
low as 40.1 concentration, HA chains can provide high viscosity. 
With these properties, HA acts as a lubricant, shock absorber, 
joint structure stabilizer and regulator of water balance and flow 
resistance.

Hyaluronate alone has not been observed to have a lubricating 
effect in in vitro studies. Hyaluronate with high molecular weight, 
especially if it is attached to the cartilage, is more effective both 
in reducing friction and reducing wear with its interaction with 
lubricin.10
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OSTEOARTHRITIS
TREATMENT
APPROACHES11

Education

Joint protection techniques 

Exercise

Weight loss 

Physical therapy applications 

Use of assistive devices

General Precautions

Medical Governance

Surgery Treatment

Oral NSAIDs: They are more effective than acetaminophen but they have 
more toxicity.

Topical Treatments. 

Acetaminophen and Opoids.

Intra-articular Injections: In patients who do not respond to NSAIDs and who 
have moderately severe knee osteoarthritis.

Duloxetine

Tanezumab

Otal hip and knee prostheses provide excellent symptomatic and functional 
recovery when involvement of this joint restricts walking in a serious way or it 
causes pain during rest at night. For knee osteoarthritis, arthroscopic surgery 
is ineffective. Severe first carpometacarpal osteoarthritis can be surgically 
treated when other treatments become inadequate.

INTRAARTICULAR HYALURONIC 
ACID INJECTIONS

Another option for intra-articular injection involves the use of viscosupplementation 
for the treatment of pain associated with osteoarthritis (OA). Viscosupplementation 
contains glucuronic acid which is found naturally in synovial fluid and hyaluronic acid 
injection consisting of glycosaminoglycan composed of recurrent disaccharides of 
Nacetylglucosamine. In United States of America, hyaluronic acid injection has been 
approved by the Food and Drug Administration (FDA) only for the treatment of pain 
associated with knee OA.

Concentration and molecular weight of hyaluronic acid decreases in joints with OA. 
This decrease may be responsible for the reduction of viscosity and elasticity seen in 
osteoarthritic joints. Although the action mechanism of hyaluronic acid is not known 
exactly, it is considered that these injections help restoring depleted hyaluronic acid in 
the synovial fluid and in the cartilage. Interestingly, even though half-life of the hyaluronic 
acid is only 8.8 days, onset and duration of action is actually much longer, peak effects 
on pain and function scores occur 5-13 weeks after treatment. Therefore, there might be 
further impact mechanisms.12

Intra-articular injection of hyaluronic acid is a useful medical treatment option for the 
patients with gonarthrosis of radiological stage I , II. It can be used for the treatment of 
patients with stage III gonarthrosis in an advanced age and those who refuse surgery in 
palliative treatment of the pain.13

Kellgren-Lawrence (KL) granding scale

Grade 1 Grade 2 Grade 3 Grade 4
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GENERAL INFORMATION

TECHNICAL
INFORMATION

INNOVATIVE

UNIQUE

UNMATCHED

Product Description: Sterile Absorbable Hyaluronic Acid Implant Gel 

Regulations: EC Certificate/MDD 

Product Classification: Medical Device Class III

Gmdn Code: 44757-Synovial Fluid Viscosupplementation 

Application: Intra-articular 

Area of Use: Orthopedics, Physical Therapy and Rehabilitation, Sports Medicine, Rheumatology, 
Algology

Supintro™ GGP is a highly purified “Intraarticular 
Hyaluronic Acid Implant Gel” produced for 
Osteoarthritis (OA), degenerative joint diseases 
(DJD), degenerative meniscopathy and cartilage 
problems due to synovial fluid deficiency.

Supintro™ GGP is prepared with ultra pure 
content and safe use technology for the treatment 
process. 

It is completely free of particulate matter with 
0.22um gel filtration. 

Supintro™ GGP is an unique intra-articular gel 
produced for osteoarthritis (OA), degenerative 
joint diseases (DJD), degenerative meniscopathy 
and cartilage problems due to synovial fluid 
deficiency.

Since Supintro™ GGP uses GGP (Glucosamine, 
Glycine, Proline) combined technology in 
production, it reduces degeneration in the 
cartilage matrix compared to normal hyaluronic 
acid products and increases collagen synthesis. 

It was licensed upon its completion of R&D 
processes regarding medical devices 
in the field of Biotechnology between 
the years 2016-2021. It is produced in 
the High Technology Laboratories and 
World Class Production Areas in Istanbul 
University of Health Sciences-Teknopol 
Istanbul Teknopark in Turkey. It has EU-
GMP, ISO and EC certificates. Supintro™ 
provides an innovative approach for the 
treatment of osteoarthritis with its GGP 
(NAcetylglucosamine, Glycine and Proline) 
gel blend. 

With its Hyaluronic Acid Hybrid Technology, 
Supintro™ not only provides hyaluronic 
acid supplement for intra-articular injection 
but also it contains N-Acetylglucosamine, 
the main component of hyaluronic acid, 
glycine which is the basic amino acid 
component of Type II collagen structure 
and L-Proline which is the most abundant 
amino acid found in the structure of 
Lubricin. It is the first and only R&D product 
in the world that has this formula.

It increases collagen density in the 
cartilage matrix (Glycine AA), contributes 
to the production of Lubricin (Proline AA), 
stimulates the synthesis of hyaluronic 
acid (N- Acetylglucosamine), mechanical 
support, provides lubrication. It shows 
anti-inflammatory activity. It protects the 
cartilage matrix.

mL: 2 mL 

HA Dosage (mg): 40 mg

L-Proline (mg): 30 mg

Glycine: 40 mg

N-Acetylglucosamine: 60 mg

HA Resource: Bacterial Fermentation

HA Mole Weight:          Hybrid (250KDA-1,4MDA)
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FORMULA COMPONENTS 

SODIUM HYALURONATE

L-PROLINE

Osteoarthritis (OA) is a chronic degenerative joint disease characterized by pain and progressive functional 
limitation. Viscosupplementation with intra-articular hyaluronic acid is a treatment option included in 
professional guidelines for the treatment of this joint disease in knee OA but it should potentially be 
applied to all synovial joints to reduce pain and improve joint lubrication. Exogenous HA can increase 
chondrocyte HA synthesis, prevent cartilage degradation and promote its regeneration. It may also 
reduce the production of proinflammatory mediators and matrix metalloproteinases which plays a role 
in OA pathogenesy. This mini-review emphasizes on the osteoarthritis  symptoms of hyaluronic acid and 
evidences in reducing structural damage as well as its ability to delay prosthetic surgery.14

One of the mechanisms described in osteoarthritis is the lubricants and decrease in chondroprotection 
(Osteoarthritis year 2011 in review:  Biology). Joint lubricants are hyaluronic acid and lubricin. Lubricin 
is the main synovial fluid component which is responsible for mechanical support, lubrication, stroke 
absorber feature and shock absorption. L-Proline is the amino acid that has the most N in Lubricin which 
is isolated from human knee. It contributes to the production of lubricin. It stimulates collagen production. 
It shows anti-inflammatory, antirheumatic activity. It provides post operative and post traumatic tissue 
regeneration. Osteoarthritis reduces pain related with sports traumas and stress. It contributes to the 
improvement of joint function.15
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Bovine

Joint Metacarpophalangeal Ankle Knee Human knee

Method of isolation I I II I II I

Amino acids (residues/1000 residues)

Aspartic acid 35 33 29 43 38 38

Threonine 224 229 235 213 219 234

Serine 56 59 62 62 61 60

Glutamic acid 134 140 142 140 133 106

Proline 238 235 237 230 241 244

Glycine 24 26 26 27 26 32

Alanine 90 94 91 93 86 93

Half-cystine — — — — — —

Valine 18 14 12 l3 14 15

Methionine 4 3 2 3 4 5

Isoleucine 16 15 14 16 13 11

Leucine 15 15 14 16 14 22

Tyrosine 4 3 3 2 5 3

Phenylalanine 6 4 3 4 7 4

Lysine 119 116 117 124 118 117

Histidine 3 2 2 2 4 7

Arginine 14 12 11 12 17 9

Total amino acids (%, w/w) 42.3 44.0 38.6 40.5 40.0

Carbohydrates (%, w/w)

Mannose 0.2 0.2 0.2 0.1

Galactose 14.8 16.7 16.0 15.9

Glucosamine 0.8 0.4 0.5 2.0

Galactosamine 14.1 15.6 13.3 16.9

N-Acetylneuraminic acid 18.6 16.1 17.1 16.5

Chemical properties of bovine and human lubricin sampler 
isolated from metacarpophalangeal, ankle and knee joints
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GLYCINE

N-ACETYL-D-GLUCOSAMINE (NAG)

In osteoarthritis, collagen synthesis is severely reduced;  therefore, 
strengthening it may help cartilage regeneration. This requires major 
amounts of glycine, proline and lysine.16 Glycine is an essential amino 
acid. It cannot be synthesized in the human body. It must be obtained 
from food externally. Glycine is also a limiting factor in collagen synthesis. 
Joint collagen production in the cartilage can only be realised as much 
as the amount of Glycine in the joint fluid can be. Glycine is responsible 
for muscle degeneration retardation, glycogen synthesis in damaged 
tissues and storage stimulation, increasing collagen synthesis and 
cartilage regeneration in osteoarthritis.

N-Acetylglucosamine forms the basic structure of hyaluronic acid in 
combination with glucuronic acid. Nacetyl-glucosamine (NAG) is a form 
of glucosamine which is one of the main elements of joint tissue and 
other connective tissues. N-Acetyl-Glucosamine (NAG) is different from 
glucosamine sulfate and glucosamine hydrochloride; instead of a sulfur 
or chloride molecule, NAG has a larger, more complex molecule. As a 
result, NAG is a completely different molecule than glucosamine sulfate 
or hydrochloride and it is also observed that it is processed differently 
by the body. It is essential for hyaluronic acid production. It shows 
regenerative activity. It remains in the cavity for a long time as it has 
weak cartilage absorption. It plays a role in regeneration of the cartilage 
tissue.17 
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In Hyaluronic Acid Gel structure, ultra 
pure n-Acetyl Glucosamine & L-Proline 
& Glycine (GGP) combination. 

• Reduces pain and increases 
mobility with rapid effect. 

• Regulates cartilage degeneration 
with its permanent effect. 

• Triggers collagen synthesis in 
cartilage structure. 

• Increases synovial fluid 
production. 

• Provides anti-inflammatory 
support.

In the treatment of
Osteoarthritis 
Degenerative joint diseases 
Degenerative meniscopathy
Joint fluid replacement

It offers innovative, unique 
and unmatched options
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