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Abstract

Osteoarthritis (OA) is a chronic, degenerative joint disease that is characterized by increased loss of cartilage, remodelling of the
periarticular bone, and inflammation of the synovial membrane. The primary pathophysiologic process responsible for
osteoarthritis is believed to be progressive deterioration of articular cartilage. It can affect any joint, most commonly affected
joints includes joints in hands, knees, hips and spine. Glucosamine is the most frequently used alternative worldwide in the
treatment of osteoarthritis, due to their chondroprotective properties and their long effects. Glucosamine (2-amino-2-deoxy-D-
glucose) is an aminomonosacchride, a primary constituent of cartilage proteoglycans. It is the basic building block required for
the biosynthesis of glycosaminoglycans. It enhances cartilage specific matrix components and prevents collagen degeneration in
chondrocytes, suppresses the free radical generation and IL-1 induced inflammatory mediator activation . Studies suggest that use
of glucosamine on osteoarthritis provide pain relief, reduced tenderness and improved joint function. This objective of thisarticle
isto provide information about osteoarthritis and the role of glucosamine in treating osteoarthritis.

Keywords. Chondrocytes, Loss of cartilage, Extracellualr matrix degradation, Glucosamine,  Glycosaminoglycan,
Proteoglycans.

I ntroduction

Osteoarthritis (OA), also known as degenerative joint elements. It can affect any joint, the most commonly

disease, is the most common joint disease that affects affected jointsincludesjoints in hands, knees, hips and

humans in which cartilage or bone is damaged. It isa spine.

chronic, degenerative disease characterized by

progressive cartilage deterioration, subchondral bone The prevalence of osteoarthritis is increasing due to

remodelling, loss of joint space, marginal population ageing and an increase in related factors

osteophytosis, and loss of joint function (Jorge U such as abesity. An estimated range of 10% to15% of

Carmona, 2009 ; Xiuling Ji, 2019). all adults aged over 60 have some degree of OA, with
prevalence higher among women than men. (Fransen

Osteoarthritis involves al tissues of the diarthrodial Metal., 2011)

jointsincluding the bone, cartilage, and supporting
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Etiology

The exact cause of osteoarthritis is not known. The
interaction of several factors may cause osteoarthritis.
Events which changes the function and properties of
the chondrocytes has the potential to cause
osteoarthritis.

Factors which has the potential to cause osteoarthritis
are

- Age ((above 50 years)

- High bone mineral density

- History of immoabilization

- Obesity

- Prolonged occupational or sports stress

- Trauma

- Gender and ethnicity

- Genetics and family history

- Diet (Hinton R et al., 2002 ; Hag | et a.,2003)

Types of osteoarthritis
There are two main types of osteoarthritis:

a) Primary: It is the most common, generalized type
occurs when cartilage failure due to unknown cause
and it primarily affects the knees, hips, fingers,
thumbs, spine and the great (big) toes.

b) Secondary: It occurs with a pre-existing joint
abnormality, including injury or trauma, such as
repetitive or sportsrelated; inflammatory arthritis,
such as rheumatoid, psoriatic, or gout; infectious
arthritis; genetic joint disorders, such as Ehlers-Danlos
(also known as hypermobility or "double-jointed;
congenital joint disorders; or metabolic joint disorders
(Gui xing giu, 2010)

Articular cartilage (composition and structure)

The articular cartilage comprises of chondrocytes,
which are highly specialized cells and an extracellular
matrix consisting of proteoglycans (PGs), collagens
(types II, IX, XIl), water, non-collagenous matrix
proteins and lipids.

Interaction between proteoglycans and collagen
provides unique structural and physiological properties
for cartilage to function in weight bearing and joint
motion (Scarpellini M et a., 2008)
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The proteoglycan molecules consist of numerous long-
chain glycosaminoglycans linked to a core protein.
These glycosaminoglycans are repeating disaccharide
units, composed of a hexuronic acid and a
hexosamine.

Glucosamine is the hexosamine constituent of keratan
sulfate, the glycosaminoglycan found in hyaline
cartilage dong with chondroitin-4 sulfate and
chondroitan-6 sulfate. These proteoglycan molecules
are further linked together on one hyaluronic acid
filament forming a large aggregate proteoglycan
macromolecule (Owens S et al., 2004; Ng HY et d.,
2017)

Hedlthy cartilage maintains a dynamic equilibrium
between processes that produce and processes that
degrade the matrix components (Dodge GR and
Jimenez SA, 2003)

Pathogenesis of osteoarthritis

The pathogenesis of osteoarthritis involves a
combination of cellular, mechanical and biochemical
process. The interaction of all these processes leads to
changes in the function, composition and properties of
articular cartilage. (Man GS and Mologhianu G, 2014)

Normally,Cartilage undergoes remodelling process
stimulated by joint movement or use.Chondrocytes in
cartilage respond to micro environment to maintain
balance between synthesis and degradation of
extracel lular matrix.

In osteoarthritis, the mechanism that maintains the
matrix  equilibrium  fails, extracellular matrix
components are lost due to increased expression of
matrix degradaing enzymes, inhibition of matrix
synthesis and excessive production of
proinflammatory mediators. (Kim JR et a., 2018)

The combination of decreased matrix synthesis,
increased matrix degradation and wear and tear of the
weight bearing joints leads to destruction of the
articular cartilage. This destructive processes lead to
swelling, decreased shock absorbing properties
(compliance), softening, fracturing, fibrillation,
ulceration and ultimately erosion of the cartilage with
exposure of the subchondral bone results in osteophyte
formation. (Nemandra Sandiford, 2020)
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Age, Life style choices, Diet, Obesity,
Genetics and other factors

BONE REMODELLING / METABOLIC REPROGAMMING

CHONDROCYTES PROLIFERATE AND INCREASE THEIR
SYNTHESIS OF PROTEOGLYCANS AND COLLAGEN

ACTIVITY OF DEGRADATION ENZYMES
EXCEEDS CHONDROCYTE ACTIVITY

FAILURE OF EXTRACELLULAR MATRIX SYNTHESIS

| PRO-INFLAMMATORY MEDIATORS |

DEGRADATION AND INCREASED LOSS OF ARTICULAR CARTILAGE

JOINT SPACE NARROWING , OSTEOPHYTE FORMATION
AND OTHER SYMPTOMS

v

OSTEOARTHRITIS (OA)

Figno 1 - Pathogenesisof Osteoarthritis
Pathological changes seen in oteoarthritis

- Progressive loss and destruction of articular cartilage
- Thickening of sub chondral bone

- Formation of osteophytes

- Variable degrees of inflammation of the synovium

- Degeneration of ligaments

- Menisci of the knee

- Hypertrophy of joint capsule (Chen D et a, 2017)
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Figno 2 - Normal joint and Osteoarthritic Joint

Symptoms of osteoarthritis

The characteristic symptoms of osteoarthritis are
- Joint Pain

- Reduced function

- Stiffness

- Joint instability

- Buckling

- Tenderness

- Crepitus with movement of the joint

- Bony swelling (Hunter DJ et al., 2008 ; Racine Jand Aaron RK, 2013)

Diagnosis of osteoarthritis

It is primarily a clinical diagnosis, based on the
history, physical examination and radiological
findings

- Physical examination is important in making
diagnosis of osteoarthritis.

- Imaging modalitis include X- ray, MRI, CT scan,
Optical coherence tomography (OT), Ultrasoud permit
visualization of the structures and can evaluate
diagnosis and prognosis.

- Sometimes blood tests are also required to diagnose
osteoarthritis. (Braun HJ and Gold GE, 2012)
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Role of glucosamine in the treatment of

osteoarthritis (OA)

Glucosamine is one of the most studied dietary
supplements available today. In the last 30 years,
many trials have been conducted and published on the
effects of glucosamine on the signs and symptoms of
osteoarthritis. (Vangsness CT Jr et d., 2009)

In vitro studies on isolated chondrocytes, or cartilage
explants from healthy or OA patients, provide much
evidence for the proposed mechanisms regarding how
glucosamine supports joint health. It has been shown
that glucosamine enhances the production of cartilage
matrix components in chondrocyte culture, such as
aggrecan and collagen type 1.
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It increases hyaluronic acid production in synovium
explants prevents collagen degeneration in
chondrocytes by inhibiting MMPs  (matrix
metalloproteinase and aggrecanases (predominant
cleavage enzymes in the cartilage) (Jerosch J,2011 ;
Lippiello L, 2007)

Qui and coworkers studied 178 patients with OA of
the knee in a doubleblind protocol comparing
treatment for 4 weeks with either daily doses of
glucosamine sulfate (1.5 g) or ibuprofen (1.2 g). They
concluded that glucosamine was more effective and
significantly better tolerated than ibuprofen. (Qiu GX
et d., 1998)

Glucosamine has shown potential as a disease
modifying agent in two 3-year, double-blind,
ranndomised, placebo-controlled studies in a total of
414 patients with osteoarthritis of the knee (Matheson
AJand Perry CM, 2003)

Two recently published studies have added further
information regarding the clinica status of
glucosamine in the treatment of OA. The first of these
was the National Institutes of Health sponsored GAIT
(Glucosamine/chondroitin -~ Arthritis  Intervention
Trid), which evaluated placebo, glucosamine
hydrochloride 500mg three times daily, chondroitin
sulfate 400mg three times daily, the combination of
glucosamine hydrochloride and chondroitin sulfate,
and celecoxib 200 mg/day in a paralé, blinded 6-
month multicentre study of response in knee OA.

The second study was the GUIDE (Glucosamine
Unum In Die [once-a-day] Efficacy) trid.This 6-
month double-blind, multicentre trial, conducted in
Spain and Portugal, compared placebo, glucosamine
sulfate 1500mg once dailly and paracetamol
(acetaminophen) 3000 mg/day in patients with OA of
the knee (Bruyere O and Reginster JY, 2007 ; Clegg
DO,2006; Herrero-Beaumont G et a ., 2007)

Glucosamine

H,C-OH

Glucosamine

Glucosamine (2-amino-2-deoxy- D- glucose) , a sugar
and an aminomonosacchride, a constituent of
glycosaminoglycan in the cartilage matrix and
synovial fluid, has been used oraly for the treatment
of osteoarthritis since the early 1980’s.

Glucosamine, a naturally produced ingredient in the
body needed to produce glycosaminoglycans. It
stimulates the chondrocytes to produce proteoglycans
and increase the production of hyauronic acid
resupply of synovial fluid to act as a lubricant
(Reginster JY et d , 2007 ; PavelkaK et a ., 2002)

Sour ces

Glucosamine can be extracted from chitin, found
primarily in the exoskeleton of crustaceans (crabs,
prawns, and lobsters), as well asin the cell membranes
of mushrooms.

It is an important precursor of the glycoprotein and
glycosaminoglycan (GAG) synthesis. It is most
important for the formation of hyaluronic acid,
chondroitin sulfate as well as keratan sulfate, which
are the most important components of the extracellular
matrix of the articular cartilage and the synovial fluid.
(Shmagel A et al, 2019; .Henrotin Y et al., 2012)

Structure

Glucosamine has a molecular weight of 179.17 and is
soluble in water , sparingly soluble in methanol or
ethanol and practically insoluble in ether or
chloroform. More than 50% of glucosamine is
nonionized at the pH of the small intestine, alowing
rapid absorption. At a pH of 7.4, 75% is in the
nonionized form. Following oral administration of
glucosamine sulfate, at least 90% is absorbed, with
10% appearing in the feces. (Altman RD, 2009)

Figno 3 - Structure of Glucosamine
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Synthesis and biochemical pathway

Glucosamine and its acetylated derivative N-acetyl
glucosamine are readily synthesized in the body from
glucose. It is synthesized by chondrocytes from
glucose to produce glycosaminoglycans and to
stimulate proteoglycan synthesis.

Glucosamine is a prominent component of the
hexosamine pathway, an important process of
glycolysis. This metabolic pathway is essentia for the
biosynthesis of amino sugars to produce glucosamine,
catalysed by enzyme glutamine: fructose 6-phosphate
amidotransferase (GFAT).

Besides this “endogenous” production, glucosamine
provided exogenously can be introduced to cells
through glucose transporters (especialy GLUT-2), and

phosphorylated intracellularly by hexokinase to
Glucosamine-6-phosphate.

The next step is the acetylation of glucosamine-6-
phosphate to N-acetylglucosamine -6-phosphate (N-
Acetyl-GIUN-6-P), catayzed by glucosamine-
phosphate-N-acetyltransferase.

Then, this compound is transformed into uridine-5-
diphosphate-Nacetyl-glucosamine  (UDP-N-Acetyl-
GIuN) by the enzyme UDP-N-acetyl-glucosamine
pyrophosphorylase.

UDPN-Acetyl-GIuN is the precursor for the
biosynthesis of amino sugars which serve as building
blocks for glycosaminoglycans, proteoglycans, and
glycoproteins (lvanovska N and Dimitrova P, 2011 ;
McCarty MF et a., 2019 ; Salazar J, 2014)

GLUCOSE

|

GLUCOSE -6- PHOSPHATE

FRUCTOSE -6- PHOSPHATE

GFAT

GLUCOSAMINE

GLUCOSE TRANSPORTERS
<~ HEXOKINASE 3

GLUCOSAMIINE - 6 - PHOSPHATE

N-ACETYL GLUCOSAMINE -6-PHOSPHATE

UDP —~ N — ACETYL GLUCOSAMINE

(PRECUSOR OF ALL MACROMOLECULES )

SYNTHESIS OF PROTEOGLYCANS
(COMPONENTS OF ARTICULAR CARTILAGE)

Figno 4 - Biochemical Pathway of Glucosamine
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Actions of glucosamine

After administration, it reaches the articular cartilage
and the possible mechanisms of action of glucosamine
for the treatment of osteoarthritis are

1.1t is preferentialy incorporated by chondrocytes into
the components of glycosaminoglycan chains in the
intact cartilage.
2. Stimulates
proteoglycans
3. Decreases the activity of catabolic enzymes,
including metall oproteases

4. Suppression of IL-1 induced inflammatory reaction
by decreasing NF- kappa B activation.

5.Suppression of superoxide radical generation
(PavelkaK et a .,2002 ;Neil KM et al., 2005)

the synthess of physiologica

1) Glucosamine — incor porated by chondrocytes to
produce proteoglycans

Glucosamine is a building block for articular
cartilage’s extracellular matrix. Specifically, it is used
to produce GAGs and proteoglycans, critical
components of articular cartilage ground substance
(James CB and Timothy L. UhL, 2001)

Glucosamine can be imported by cells and
incorporated into newly synthesized
glycosaminoglycans. UDP- N-Acetyl glucosamine
the end product of hexosamine pathway, is the
precursor for synthesis for glycosaminoglycan
synthesis (Alexander Shikhman, 2006)

2) Decreasesthe activity of catabolic enzymes

Studies suggests that enzymatic breakdown of the
extra-cellular matrix might be reduced by the addition
of glucosamine. This was suggested by down-
regulation of transcript abundances and reduced MMP
enzymatic activity, which preserves the cartilage
matrix in the catabolic osteoarthritis situation
(Vitterlinden Ej et d., 2006 ; CibereJet d.,)

3) Suppression of il-1 inflammatory reaction

Glucosamine inhibits NFkB activation induced by IL-
1B . IL-1B is a proinflammatory cytokine released by
synovial  cells, chondrocytes and invading
macrophages in inflamed joints. I1L-1p plays a critical
role in the inflammatory process and the connective
tissue destruction observed in osteoarthritis. It has
been shown that glucosamine significantly suppresses
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the Interleukin-1 beta (IL-1B) signalling pathway, an
essential mediator of the inflammatory responses, by
inhibition of NF-kB activation, which in turn leads to
a decrease of both inflammatory and degenerative
mediators of the disease. Additionaly, it has been
reported that GIcN inhibits various proinflammatory
mediators such as, cyclooxygenase-2 (COX-2), nitric
oxide (NO), and matrix metalloproteinases (Largo R et
a., 2003; Gilzad Kohan H et d., 2015)

4) Suppression of superoxide radical generation

It is well-established that the levels of reactive oxygen
species and oxidatively damaged proteins are elevated
in the synovium of patients with arthritis.
Glucosamine is capable of scavenging reactive oxygen
species, such as superoxide anion, hydrogen peroxide,
and hydroxyl radica (Reginster JY et al., 2001; Rubin
BRet al., 2001)

Phar macokinetics of glucosamine

The absorption of oraly administered glucosamine is
nearly 90%. After absorption, it is incorporated into
plasma proteins during first- pass metabolism.

About 90% of glucosamine administered oraly as a
glucosamine salt gets absorbed from the small
intestine and from there it is transported, via the portal
circulation, to the liver. It appears that a significant
fraction of the ingested glucosamine is catabolized by
first-pass metabolism in the liver and 10% appearing
in the feces (Neil KM et al., 2005; Thakral R et 4.,
2007)

Dose and formulation

There are different forms of glucosamine in the
market. Glucosamine preparations are either extracted
from chitin (from crustacean shells) by acid hydrolysis
(and thus patients with shellfish allergies should be
cautioned to avoid the use of glucosamine) or
chemically synthesised.

Glucosamine is a weak organic base, which must first
be stabilised as a salt. Different forms of glucosamine
commonly available on the market:

-Glucosamine hydrochloride (from crab shells),
-Glucosamine sulphate (from shrimp shells) and
-Chemically synthesised glucosamine (as sulphate
form)

-N-acetyl-glucosamine
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The absolute daily dosing of glucosamine varies
according to the preparation type, owing to the
differences of the molecular size of the associated salt.

The recommended daily dosing of glucosamine
generally ranges from 1250 mg 1500 mg.

Single oral dose of glucosamine (1500 mg)
approximately produces plasma concentration of 10
pmol, while taking a dose (500 mg) three times daily
produces approximately a plasma concentration of 3
pmol (Persiani S et a.,2007; Ahmed M A ,2007;
Yousry H H,2015)

Side effects

Side effects after glucosamine administration are rare
and may include stomach upset, heartburn, nauses,
diarrhea or congtipation , hypersensitivity. (Dahmer S
and Schiller RM, 2008).

Conclusion

Osteoarthritisis a chronic arthropathy characterized by
the degeneration and loss of articular cartilage,
resulting in disruption of its mechanical properties and
those of subchondral bone as well as modifications in
the surrounding soft tissue. The loss of cartilage has
been thought to be the pathophysiol ogic mechanism of
osteoarthritis. It results from failure of chondrocytes to
maintain  homeostasis between synthess and
degradation of extracellular matrix components.
Glucosamine, a constituent of glycosaminoglycans in
cartilage matrix and synovial fluid, could have various
pharmacological actionsin articular cartilage and joint
tissues. Glucosamine is one of the most studied dietary
supplements available today. In the last 30years, many
trails have been conducted and published on the
effects of glucosamine on the signs and symptoms of
osteoarthritis.  Endogenous and  exogenously
administered glucosamine is thought to be involved in
the synthesis of glycosaminoglycans, proteoglycans
and inhibits the degradation of cartilage by
suppressing catabolic enzymes. Most currently
available glucosamine supplements are taken orally at
a dose of 1500mg. In conclusion, this review article
shows that the use of glucosamine is beneficia in
decreasing signs and symptoms of osteoarthritis and
improves the joint function by enhancing the
biosynthetic activity of chondrocytes and preventing
cartilage loss in patients with osteoarthritis.

36

References

1

10.

11.

12.

Alexander Shikhman. 2006. Glucosamine and
osteoarthritis. Future Rheumatology.1(1) : 67-
78.

Ahmed M. Agiba 2007. Nutraceutica
Formulations Containing Glucosamine And
Chondroitin Sulphate In The Treatment Of
Osteoarthritis. Emphasis On Clinical Efficacy
And Formulation Challenges.Int J Curr Pharm
Res. 9(2): 1-7.

Altman RD. 2009. Glucosamine therapy for
knee osteoarthritis: pharmacokinetic
considerations. Expert Rev Clin Pharmacol.
2(4):359-71.

Braun HJ, Gold GE.2012. Diagnosis of
osteoarthritis: imaging. Bone.51(2):278-88.
Bruyere O, Reginster JY. 2007. Glucosamine
and chondroitin sulfate as therapeutic agents for
knee and hip  osteoarthritis.  Drugs
Aging.24(7):573-80.

Clegg DO, Reda DJ, Harris CL, e al.
2006.Glucosamine, chondroitin sulfate, and the
two in combination for painful knee
osteoarthritis. N Engl J Med.354 (8): 795-808.
Cibere J, Thorne A, Kopec JA, Singer J, Canvin
J, Robinson DB, Pope J, e a. 2005.
Glucosamine sulfate and cartilage type |l
collagen degradation in patients with knee
osteoarthritis: randomized discontinuation trial
results employing biomarkers. J
Rheumatol.32(5):896-902.

Chen D, Shen J, Zhao W, Wang T, Han L,
Hamilton JL, Im HJ. 2017. Osteoarthritis:
toward a comprehensive understanding of
pathological mechanism. Bone Res. 5:16044.
Dodge GR, Jimenez SA. 2003. Glucosamine
sulfate modulates the levels of aggrecan and
matrix metalloproteinase-3 synthesized by
cultured human  osteoarthritis  articular
chondrocytes. Osteoarthritis
Cartilage.11(6):424-32.

Dahmer S, Schiller RM. 2008. Glucosamine.
Am Fam Physician. 78(4):471-6.

Fransen M, Bridgett L, March L, Hoy D,
Penserga E, Brooks P. 2011. The epidemiology
of osteoarthritis in Asia. Int J Rheum Dis.
14(2):113-21.

Gui xing giu. 2010. Diagnosis and treatment of
osteoarthritis. Orthop Surg. 2(1):1-6.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Int. J. Adv. Res. Biol. Sci. (2021). 8(11): 29-38

Gilzad Kohan H, Kaur K, Jamali F. 2015.
Synthesis and characterization of a new Peptide
prodrug of glucosamine with enhanced gut
permeability.PL0oS One. 10(5):e0126786.
Hunter DJ, McDougall 1], Keefe FJ. 2008. The
symptoms of osteoarthritis and the genesis of
pain. Rheum Dis Clin North Am. 34(3):623-43.
Hinton R, Moody RL, Davis AW, Thomas SF.
2002. Osteoarthritis: diagnosis and therapeutic
considerations. Am Fam Physician. 65(5):841-
8.
Haqg |, Murphy E, Dacre J. 2003. Osteoarthritis.
Postgrad Med J. 79(933):377-83
Herrero-Beaumont G, Ivorra JAR, Del Carmen
Trabado M, et al. 2007. Glucosamine sulfate in
the treatment of knee osteoarthritis symptoms: a
randomized, double-blind, placebo-controlled
study using acetaminophen as a sSde
comparator. Arthritis Rheum.56 (2): 555-67.
Henrotin Y, Mabasheri A, Marty M. 2012. Is
there any scientific evidence for the use of
glucosamine in the management of human
osteoarthritis?Arthritis Res Ther.14(1):201. 37.
Ivanovska N, Dimitrova P. 2011. Bone
resorption and remodeling in  murine
collagenase-induced osteoarthritis after
administration of glucosamine. Arthritis Res
Ther.13(2):R44.
Jerosch J. 2011. Effects of Glucosamine and
Chondroitin Sulfate on Cartilage Metabolism in
OA: Outlook on Other Nutrient Partners
Especially Omega-3 Fatty Acids. Int J
Rheumatol. 2011:969012
James CB, Timothy L. UhL. 2001. A review of
articular cartilage pathology and the use of
glucosamine sulfate. J Athl Train.36(4):413-9.
Jorge U Carmona and Marta
Prades.2009.Pathophysiology of osteoarthritis.
Comp Equine. 4: 28-40.
Kim JR, Yoo JJ, Kim HA. 2018. Therapeutics
in Osteoarthritis Based on an Understanding of
Its Molecular Pathogenesis. Int J Mol Sci.
19(3):674.
Largo R, Alvarez-Soria MA, Diez-Ortego I,
Calvo E, Sanchez-Pernaute O, Egido J, Herrero-
Beaumont G. 2003. Glucosamine inhibits IL-
lbeta-induced NFkappaB activation in human
osteoarthritic ~ chondrocytes.  Osteoarthritis
Cartilage.11(4):290-8.
Lippiello L. 2007. “Collagen synthesis in
tenocytes, ligament cells and chondrocytes
exposed to a combination of glucosamine HCI
and chondroitin sulfate”.2007. Evidence-Based

37

26.

27.

28.

29.

30.

31

32.

33.

35.

36.

Complementary and Alternative Medicine. 4(2)
1 219-224.

Man GS, Mologhianu G. 2014. Osteoarthritis
pathogenesis - a complex process that involves
the entirejoint.J Med Life.7(1):37-41.

Matheson AJ, Perry CM. 2003. Glucosamine: a
review of its use in the management of
osteoarthritis. Drugs Aging.20(14):1041-60.
McCarty MF, O'Keefe JH, DiNicolantonio JJ.
2019. Glucosamine for the Treatment of
Osteoarthritis: The Time Has Come for Higher-
Dose Trials. J Diet Suppl. 16(2):179-192.
Nemandra Sandiford, Daniel Kendoff, Sarah
Muirhead-Allwood. 2020 Osteoarthritis of the
hip: aetiology, pathophysiology and current
aspects of management.Annals Of Joint. 5.

Ng HY, Alvin Lee KX, Shen YF. 2017.
Articular Cartilage: Structure, Composition,
Injuries and Repair. JSM Bone and Joint Dis.
1(2): 1010.

Neill KM, Caron JP, Orth MW. 2005. The role
of glucosamine and chondroitin sulfate in
treatment for and prevention of osteoarthritis in
animals. JAm Vet Med Assoc. 226(7):1079-88.
Owens S, Wagner P, Vangsness CT Jr. 2004.
Recent advances in glucosamine and
chondroitin  supplementation. J Knee Surg.
17(4):185-93.

PavelkaK, Gatterova J, Olgjarovd M, Machacek
S, Giacovelli G, Rovati LC. 2002. Glucosamine
sulfate use and delay of progression of knee
osteoarthritis: a 3-year, randomized, placebo-
controlled, double-blind study. Arch Intern
Med. 162(18):2113-23.

Persani S, Rotini R, Trisolino G, Rovati LC,
Locatelli M, Paganini D, Antonioli D, Roda A.
2007.Synovial and plasma  glucosamine
concentrations in  osteoarthritic  patients
following oral crystalline glucosamine sulphate
at therapeutic dose.Osteoarthritis
Cartilage.15(7):764-72.

Qiu GX, Gao SN, Giacovelli G, Rovati L,
Setnikar |. 1998. Efficacy and safety of
glucosamine sulfate versus ibuprofen in patients
with knee osteoarthritis
Arzneimittelforschung.48(5):469-74.

Racine J, Aaron RK. 2013. Pathogenesis and
epidemiology of osteoarthritiss. R | Med
J.96(3):19-22.



37.

38.

39.

40.

41.

42.

Int. J. Adv. Res. Biol. Sci. (2021). 8(11): 29-38

Rubin BR, Talent JM, Kongtawelert P, Pertus
RM, Forman MD, Gracy RW. 2001. Ord
polymeric N-acetyl-D-glucosamine and
osteoarthritis. J Am Osteopath Assoc. 101(6):

Effects of Glucosamine and Chondroitin Sulfate
on Gut Microbia Composition: A Systematic
Review of Evidence from Anima and Human
Studies. Nutrients.11(2): 294.

339-344. 43. Thakra R, Debnath U K, Dent C. 2007. Role of
Reginster JY, Deroisy R, Rovati LC, Lee RL, glucosamine in osteoarthritis.Current
Leeune E, Bruyere O, Giacovelli G, Henrotin Orthopaedics. 21(5): 386-38.

Y, Dacre JE, Gossett C. 2001. Long-term effects 44. Uitterlinden E , Jahr H, Koevoet KL,
of glucosamine sulphate on osteoarthritis Jenniskens YM , Bierma-Zeinstra SM , DeGroot
progression: a randomised, placebo-controlled J, Vehaar JA et a. 2006. Glucosamine
clinical trial. Lancet.357(9252):251-6. decreases expression of anabolic and catabolic
Reginster JY, Bruyere O, Neuprez A. 2007. genes in  human osteoarthritic cartilage
Current role of glucosamine in the treatment of explants.OsteoArthritis  and  Cartilage.14(3):
osteoarthritis. Rheumatol ogy 250-257.

(Oxford).46(5):731-5. 45. Vangsness CT Jr, Spiker W, and Erickson
Scarpellini M, Lurati A, Vignati G, Marrazza J.2009.A Review of Evidence-Based Medicine
MG, Teese F, Re K, Bdlistri A. 2008. for Glucosamine and Chondroitin Sulfate Usein
Biomarkers, type Il collagen, glucosamine and Knee Osteparthritis.Arthroscopy: The Journa of
chondroitin sulfate in osteoarthritis follow-up: Arthroscopic and Related Surgery. 25(1): 86-94.
the "Magenta osteoarthritis study". J Orthop 46. Xiuling J and Hongyu Zhang.2019. Current
Traumatol .9(2):81-7. Strategies for the Treatment of Early Stage
Salazar J, Bello L, Chavez M, Anez R, Rojas J, Osteoarthritis.Front. Mech. Eng.5: 57.
Bermudez V. 2014. Glucosamine for 47.  Yousry H. Hamma, Haa R. Magid and Mona

osteoarthritis:  biological  effects, clinica
efficacy, and safety on glucose metabolism.
Arthritis.2014:432463.

Shmagel A, Demmer R, Knights D, Butler M,
Langsetmo L, Lane NE, Ensrud K. 2019. The

M.Sobhy. 2015. Clinical and biochemical study
of the comparative efficacy of topical versus
ora  glucosamine/chondroitin  sulfate  on
osteoarthritis of the knee. The Egyptian
Rheumatologist. 37(2): 85-91.

Accessthis Articlein Online

Website:
www.ijarbs.com

Quick Response Code

Subject:
Pharmaceutica
Sciences

DOI:10.22192/ijarbs.2021.08.11.004

How to cite this article:

Ch.O.V.Nagatgja, P. Bhavyasree, E. Jgjili. (2021). Role of Glucosamine in the treatment of Osteoarthritis.
Int. J. Adv. Res. Biol. Sci. 8(11): 29-38.
DOI: http://dx.doi.org/10.22192/ijarbs.2021.08.11.004

38



