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Abstract

Successful treatment of osteoarthritis must effectively control pain, and should
slow down or reverse progression of the disease. Biochemical and pharmacological
data combined with animal and human studies demonstrate glucosamine sulfate is
capable of satisfying these criteria. Glucosamine sulfate’s primary biological role in
halting or reversing joint degeneration appears to be directly due to its ability to act as
an essential substrate for, and to stimulate the biosynthesis of, the glycosaminoglycans
and the hyaluronic acid backbone needed for the formation of proteoglycans found in
the structural matrix of joints. Chondroitin sulfates, whether they are absorbed intact or
broken into their constituent components, similarly provide additional substrates for the
formation of a healthy joint matrix. Evidence also supports the oral administration of
chondroitin sulfates for joint disease, both as an agent to slowly reduce symptoms and
to reduce the need for non-steroidal anti-inflammatory drugs. The combined use of
glucosamine sulfate and chondroitin sulfates in the treatment of degenerative joint
disease has become an extremely popular supplementation protocol in arthritic
conditions of the joints. Although glucosamine sulfate and chondroitin sulfates are often
administered together, there is no information available to demonstrate the combination
produces better results than glucosamine sulfate alone.
(Alt Med Rev 1998;3(1):27-39)

Introduction

The combined use of glucosamine sulfate (GS) and chondroitin sulfates (CS) in the
treatment of degenerativejoint disease has become an extremely popular supplementation pro-
tocol. Both GS and CS have been available as supplements for many years, and appear to
positively impact symptoms in osteoarthritis; however, their ability to work as a synergistic
combination remains open to debate.

Glucosamine, which is formed in the body as glucosamine 6-phosphate (G6-P), is the
most fundamental building block required for the biosynthesis of the classes of compounds,
such asglycolipids, glycoproteins, glycosaminoglycans (formerly called mucopolysaccharides),
hyaluronate and proteoglycans, requiring amino sugars. Because it is a component of al these
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Figure 1. Abbreviated pathway for the synthesis of glucosamine and
its derivatives.
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are amino acids such as
proline, glycine, and leucine;
however, the building blocks
for all proteoglycans are
amino sugars. G6-P is the
building block needed asthe
precursor for all subsequent
amino sugar synthesis. The
formation of galactosamine,
N-acetylglucosamine
(NAG), and CSal require
G6-P. Hyaluronic acid, the
backbone of proteoglycans,
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also requires G6-P for its
synthesis.

Joint cartilage consists
of cells embedded in a ma-
trix of fibrous collagen
within aconcentrated water-
proteoglycan gel. Theinteg-
rity of this matrix is crucial
for the biomechanical prop-
erties of the joint cartilage.
The proteoglycans are large
macromolecules consisting
of aprotein coretowhichare
attached multiple chains of

compounds, it isan essential component of cell
membranes and cell surface proteins as well
as interstitial structural molecules that hold
cells together. Directly or indirectly, glu-
cosamine plays arole in the formation of ar-
ticular surfaces, tendons, ligaments, synovial
fluid, skin, bone, nails, heart valves, blood
vessels, and mucus secretions of the digestive,
respiratory, and urinary tracts.

Connective tissue is comprised
primarily of collagen and proteoglycans.
Proteoglycans provide the framework for
collagen and hold water, enhancing the
flexibility and resistance to compression
needed to counteract physical stress. The

glycosaminoglycansand oli-
gosaccharides. CSareacriti-
cal class of glycosaminoglycans required for
the formation of proteoglycans found in joint
cartilage.

GS's primary biological role in halt-
ing or reversing joint degeneration appears to
bedirectly duetoitsability to act asan essen-
tial substrate for, and to stimulate the biosyn-
thesis of, the glycosaminoglycans and the hy-
aluronic acid backbone used in the formation
of the proteoglycans found in the structural
matrix of joints. CS, whether they are absorbed
intact or broken into their constituent compo-
nents, similarly provide additional substrates
for the formation of a healthy joint matrix.
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Biochemistry of Glucosamine

Glucosamine (2-amino-2-deoxy-
alpha-D-glucose) isoneof thetwo hexosamine
sugars (6 carbon amino sugars) common in
animal cells (the other being galactosamine).
Structurally, glucosamineis modified glucose
with a NH, group replacing the OH group
found on carbon two (C-2). G6-P is an
aminomonosaccharide (amino sugar) pro-
duced in the body by the combination of
glutamine with fructose, through the enzy-
matic action of glucosamine synthetase.

It isfound in many tissues and secre-
tions in the body, and is the primary amino
sugar substrate for the biosynthesis of the
macromolecules, such as CS and hyaluronic
acid, which provide the framework for col-
lagen formation. It is believed that
glucosamine'sroleis potentiated by the pres-
ence of sulfate, whichisalso an essential com-
ponent of proteoglycans.

The synthesis of G6-P beginswith the
structural rearrangement of glucose 6-phos-
phate to fructose 6-phosphate to facilitate in-
teraction with the amino acid glutamine. The
enzyme glucosamine synthetase facilitatesthe
transfer of an amide group (NH,) from
glutamine to fructose 6-phosphate. The en-
zyme simultaneously isomerizes this com-
pound to form G6-P (note: isomerization in-
dicates an intramolecular rearrangement of a
compound without any net change of the com-
ponents of the compound). The resulting G6-
P moleculeisthe precursor to all hexosamines
and hexosamine derivatives. This first
biotransformation of glutamine and fructose
6-phosphateto G6-Pisconsdered theratelim-
iting step in amino sugar biosynthesis, and is
an essentia step in the glycosylation of al
proteins. G6-Pisthen acetylated by coenzyme
A, resulting in the formation of NAG.

NAG can subsequently be converted
into either N-acetylgalactosamine or
N-acetylmannosamine. An additional three

carbon atoms can be added to N-
acetylmannosamine to form  N-
acetylneuraminic acid (also called sidic acid).
G6-P and its sugar derivatives can then be
incorporated into all of the macromolecules
requiring amino sugars. (See Figure 1)

Biochemistry of Chondroitin

Sulfates

CS, aong with dermatan sulfate,
keratan sulfate, and heparan sulfate and
heparan, are compounds classified as
glycosaminoglycans. CSareformed primarily
from combining alternating residues of
differently sulfated and/or unsulfated residues
of glucuronic acid and N-acetylgal actosamine
into a polysaccharide chain. Although the
chondroitin sulfates are often referred to as if
they were a homogenous substance, their
polysaccharide chainsare comprised of severa
unique but structurally similar disaccharides,
the most abundant of which are typically CS
A (chondroitin-4-sulfate) and CS C
(chondroitin-6-sulfate). The difference
between these two compounds correspondsto
thelocation of the sulfate molecule (SO,). CS
A is a disaccharide consisting of glucuronic
acid and N-acetylgal actosamine, which hasthe
sulfate molecule attached to the R group on
carbon four (C-4) of N-acetylgalactosamine;
whereas, CS C has the sulfate group attached
to the R group on carbon six (C-6) of N-
acetylgalactosamine. Within a CS chain it is
also possible to have disaccharide residues of
glucuronic acid and N-acetylgalactosamine
with no sulfate groups, with asulfate group as
the R group on carbon two (C-2) of glucuronic
acid, and with any combination of sulfate
groups attached as the R group on C-2, C-4,
and C-6 of either component of the
disaccharide. Because of the biochemical
variety of the disaccharides (based on the
number and position of the sulfate groups, and
the percentage of similar disaccharides)
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Figure 2. Structural diagram of the disaccharide
residues comprising chondroitin
sulfates.

NHCOCHSs

Glucuronate N-Acetylgalactosamine

Note 1: A sulfate group can be located at R?,
R4, or R® or any combination of the
above.

Note 2: Chondroitin sulfate A has a sulfate
(SO3) group at R* (this is also
referred to as chondroitin-4-sulfate).
Chondroitin sulfate C has a sulfate
(SO3) group at RS (this is also referred
to as chondroitin-6-sulfate).

A polysaccharide chain of chondroitin
sulfate will have repeating units with
varying R groups of this disaccharide
molecule.

comprising the primary structure of the
polysaccharide chain, CS are aheterogeneous
group of compounds having different
molecular masses and charge densities. This
capability to have a similar structure, but
variable primary structure, allows CSto have
specialized biological functionswithinaliving
organism. (See Figure 2.)

CS function as a component of
proteoglycans. Proteoglycans are macromol-
ecules (giant molecular complexes) contain-
ing many molecules of glycosaminoglycans
(some of which are CS) attached to a long
strand of hyaluronic acid (hyaluronate). In or-
der to attach the glycosaminoglycans to the

hyaluronic acid backbone, glycosaminogly-
cans are anchored to an amino acid (either
serine, threonine, or asparagine). Table 1 pro-
vides a summary of the different types of
macromol ecul es dependent on amino sugars.

M etabolism of Glucosamine Sulfate

The glucosamine component of GSis
quickly and amost completely absorbed from
the gastrointestinal tract following an oral
dose; however, it isunclear whether the entire
GS moleculeis absorbed intact or to what ex-
tent it might be degraded prior to and after ab-
sorption.

Glucosamine is a small molecule
(m.w. = 179) and isvery solublein water. Be-
cause of its small molecular weight and its
pKa, itiswell absorbed in theintestine. Based
onthefecal excretionsof radioactively labeled
molecules, gastrointestinal absorption of glu-
cosamineisabout 87% inthedog.! In humans,
about 90% of glucosamine, administered as
an oral dose of GS, isabsorbed.? Evidencein-
dicates absorption of glucosamine by intesti-
nal cells is carrier mediated resulting in the
active transport of glucosamine into these
cells. Its acetylated derivative NAG appears
to be absorbed without deacetylation of the
molecule; however, this process occurs by dif-
fusion.®

After an oral dose, glucosamine
concentrates in the liver, where it is either
incorporated into plasma proteins, degraded
into smaller molecules, or utilized for other
biosynthetic processes. Although absorption
is very high, a substantial quantity of the
absorbed glucosamineis probably modified or
degraded to smaller compounds, suchasH,O,
CO,, and urea, as it makes its “first pass’
through the liver.?

Glucosamine is rapidly incorporated
into articular cartilage following oral
administration. In fact, articular cartilage
concentrates glucosamine to a greater extent
than any other structural tissue.! Elimination
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of glucosamineis primarily in the urine, with
a small amount of glucosamine or its
derivatives eliminated in the feces.**

M etabolism of Chondroitin Sulfates

The metabolic fate of orally
administered CS is equivocal and
characterized by some disagreement in the
available literature. Adding to the complexity
of theissueisthefact that CS exist in awide

gestion of CS in al subjects studied. These
researchers concluded that
“...chondroprotection by orally administered
chondroitin sulfate isabiologically and phar-
macologically unfounded theory.” Although
they did not rule out the possibility that oral
administration of CS might benefit patients
with osteoarthritis, they suggested that any
benefit “...after ingestion of chondroitin sul-
fate should be sought at the gastrointestinal

range of molecular weight,
chainlength, electrical charge
distribution, locations of
sulfate groups, and percentage
of similar disaccharide
(glucuronic acid and N-
acetylgalactosamine)
residues. A further
complication occurs because
low molecular mass
derivatives of CS have also
been pharmacologically
created and utilized in some
of the pharmacokinetic and
therapeutic studies and trials.
It is quite possible the
contrasting metabolic results
subsequent to oral
administration of CS are a
direct reflection of this
dissimilarity in the actual
primary structure and
physical properties found
within the general CS
category.

Baici et al investi-
gated the ability of an oral
dose of CSto impact the con-
centration of glycosaminogly-

Glycolipid

Hyaluronate

Glycoprotein

Glycosaminoglycans

Proteoglycans

Table 1. Macromolecules Containing Amino Sugars

Macromolecule Description and Composition

Proteins with attached carbohydrates;
however, the carbohydrates are short,
branching chains, not polymers of repeating
units of sugar residues.

Lipids with a chain of one or more amino
sugar residue derivatives.

Carbohydrate chains made primarily of
alternating residues of either NAG or
N-acetylgalactosamine plus glucuronic acid
or its epimer iduronic acid. This category
includes chondroitin, dermatan, keratan,
and heparan, almost always with sulfate
groups attached.

This is the backbone of all proteoglycans. It
is a chain of alternating residues of NAG
and glucuronic acid.

Giant molecules with many glycosaminogly-
cans attached to a long strand of hyaluronate
by a core protein (either serine, threonine or
asparagine).

cansin humans. CS were ad-
ministered to six healthy vol-
unteers, six patients with rheumatoid arthri-
tis, and six patients with osteoarthritis. They
reported the concentration of glycosaminogly-
cans in serum was unchanged following in-

rather than at the plasmatic or articular carti-
lage level.”® Morrison indicated the intact ab-
sorption of CS was extremely low. He esti-
mated the absorption rate to be between 0-8%.°
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The pharmacokinetic properties of a
proprietary CS (Condrosulf) wereinvestigated
by Conte et al. Significant extraction
procedures were utilized to generate a low
molecular mass product which could be
characterized for structure, physiochemical
properties, and purity. Only the fraction with
a relative molecular mass of about 14,250
Daltons was used for their experiments. This
fraction had asulfate-to-carboxyl ratio of 0.95
due to the high percentage of monosulfated
disaccharides (55% chondroitin sulfate A and
38% chondroitin sulfate C), and alow amount
of disulfated disaccharides (1.1%) inside the
polysaccharide chains. The purity of the
preparation was greater than 97% CS.

This preparation was radioactively la-
beled and administered by oral routeintherat
and dog. Although more than 70% of the ra-
dioactivity was absorbed and was subse-
quently found in urine and tissues, the radio-
activity associated with an intact molecule of
CS corresponding to the molecular mass of the
administered dose was relatively small (ap-
proximately 8.5%), and decreased rapidly over
time. The majority of the radioactivity ab-
sorbed was actually associated with molecules
with a molecular mass of less than or equal
sizeto N-acetylgal actosamine (one of the two
constituent monosaccharides comprising the
polysaccharide chain). This radioactivity in-
creased over time and remained elevated. Ra-
dioactivity after 24 hours was highest in the
small intestine, liver, and kidneys (tissues re-
sponsible for the absorption, metabolism, de-
gradation, and elimination of the compound);
however, relatively high amounts of radioac-
tivity were also found in tissues which utilize
amino sugars; such asjoint cartilage, synovial
fluid, and trachea.’”

Conte et al also administered CS
(Condrosulf) orally to heathy volunteers in
either a single daily dose of 0.8 g or in two
daily doses of 0.4 g. Although both dosing
schedules increased plasma concentration of

exogenous molecules associated with CS,
results indicated oral administration of one
dose of 0.8 g CSwasthe more effective dosing
regimen. They also measured some
biochemical parameters (hyaluronic acid and
sulfated glycosaminoglycans) associated with
glycosaminoglycans in order to demonstrate
whether orally administered exogenous CS
impact synovial fluid in subjects with
osteoarthritis. Their resultsindicate treatment
could modify these parameters.
Concentrations of hyaluronic acid increased
and, although the overall concentration of
sulfated glycosaminoglycans was unchanged,
a shift toward sulfated glycosaminoglycans
with a lower molecular mass was observed.
Based on these results, the authors suggested
that, “...at least a part of the low molecular
mass material present in joint synovia fluid
after 5 days of treatment is exogenous
chondroitin sulfate....””

Theintact absorption of CS subsequent
toan ora doseisacontroversia subject. Physi-
ology textbooksroutinely teach that molecules
with a high molecular mass and charge den-
sity cannot pass through gastric and intestinal
mucosaintact. Avail able dataseemsto partialy
refute this belief since some findings indicate
as much as 8.5% of an oral dose can be ab-
sorbed intact under some circumstances. How-
ever, the mgjority of physiological benefits
subsequent to administration of CS appear to
be a direct result of increased availability of
the monosaccharide building blocks (glucu-
ronic acid and N-acetylgal actosamine) created
by the hydrolysisof CSinto smaller molecules
during digestion and absorption.

M echanism of Action

Oneof the primary physiological roles
of GS is stimulation of the synthesis of
substances required for proper joint function.
It is capable of stimulating proteoglycan
synthesis, inhibiting the degradation of
proteoglycans, and stimulating the
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regeneration of cartilage after experimentally
induced damage.?® GS also might promote
incorporation of sulfur into cartilage.’®

GS appears to be ineffective at inhib-
iting both cyclooxygenase and the proteolytic
enzymesinvolved ininflammation.** Although
GS protects against carrageenan, dextran, and
formalin induced edema in an experimental
model, it was not effective in counteracting
edema provoked by specific mediators of in-
flammation, such as bradykinin, serotonin, or
histamine. Unlike NSAIDs, which act through
the inhibition of cyclooxygenase and modifi-
cation of prostaglandin synthesis, the mecha-
nism of action of GS appears to be linked to
its ability to stimulate synthesis of the
proteoglycans needed to stabilize cell mem-
branes and increase intracellular ground sub-
stance.%*?

Since the anti-inflammatory ability of
GSisdifferent than that of NSAIDs, it is pos-
sible the two might have a synergistic effect
inalleviating sometypesof inflammation. Evi-
dence indicates a combined treatment utiliz-
ing glucosamine with either voltaren, in-
domethacin, or piroxicam can decrease the
amount of NSAID required to produce an
antiexudative result by afactor of between 2-
2.7 times with preservation of activity.*?

The mechanism of action of CS is
probably similar in nature to GS, since it can
also provide substrates for proteoglycan syn-
thesis. Bassleer et al demonstrated, in vitro,
both GS and CS have a stimulatory effect on
the production of proteoglycans by cultured
differentiated human articular chondrocytes.**
Karzel and Lee also reported both glucosamine
derivativesand CS could influencethein vitro
growth and metabolism of glycosaminogly-
cans. Glucosamine hydrochloride, glu-
cosamine hydroiodide, and GS promoted asig-
nificant increasein the glycosaminoglycansin
the extracellular cartilage matrix and induced
anincreaseinthe secretion of glycosaminogly-
cans from the surface of the bone cells into

the culture medium. Although CS were also
capable of positively influencing the metabo-
lism of glycosaminoglycans, their effect was
not significant in this experiment.®

Severa studies indicate low molecu-
lar weight polysulfated glycosaminoglycans
(GAGPS) (note: some CS preparations de-
pending on their processing would be consi-
dered low molecular weight and all chon-
droitin sulfates are polysulfated glycosami-
noglycans) have antiarthritic activity. Kalbhen
reported intraarticular or intramuscular appli-
cationsof GAGPS can significantly reducethe
intensity and progression of joint degenera-
tion.”> Glade reported GAGPS could stimu-
late net collagen and glycosaminoglycans syn-
thesis by normal and arthritic equine cartilage
tissues. In his experiments arthritic tissues
were more sensitive to GAGPS stimulation.
Injection of 250 mg of GAGPS also inhibited
the rate of collagen and glycosaminoglycan
degradation in cell culture.’®

Some evidence suggests a component
of the activity of GS and CSis related to the
sulfate residues found is these compounds.
Sulfur isan essential nutrient for the stabiliza-
tion of the connective tissue matrix. Because
of this, it has been proposed that the sulfate
molecules of GS and CS contribute to the
therapeutic benefits of these compounds in
degenerativejoint diseases. If thisspeculation
is true, it would lend support to the proposi-
tion that GS, as opposed to NAG or glu-
cosamine hydrochloride, is the best form of
glucosamine supplementation for patientswith
arthritis. It would also give added importance
to the sulfate-to-carboxyl ratio of CS.

van der Kraan et a studied the effect
of low sulfate concentrations on glycosamino-
glycan synthesisinrat patellar cartilagein vivo
aswell asin vitro. Sulfate depletion resulted
in adecrease of glycosaminoglycan synthesis
inpatellar cartilage.'” These same authors sub-
sequently reported the rate of sulfated gly-
cosaminoglycan synthesis in human articular
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cartilageissensitiveto small changesin physi-
ological sulfate concentrations. A reductionin
the sulfate concentration from 0.3 mM (physi-
ological) to 0.2 mM resulted in a 33% reduc-
tion in glycosaminoglycan
synthesis.’8

Animal experiments indicate arthritic
tissue has an increased demand for and up-
take of total glycosaminoglycans and mono-
sulfated, highly-sulfated, and non-sulfated gly-
cosaminoglycans.®* Animal experiments have
also indicated an increased incorporation of
radioactive sulfate in specimens of bone and
cartilage during the process of induced arthri-
tis.? Lending additional support to the argu-
ment that sulfur is an important mineral for
halting degeneration of jointsisan articlewrit-
ten in 1934, in which Senturia reported the
benefits of colloidal sulfur administration in
arthritis and rheumatoid conditions.*

Glucosamine Sulfate and
Chondroitin Sulfates: Research on

Osteoarthritis

The primary therapeutic use of GSand
CSisinthetreatment of degenerative diseases
of thejoints. Several trials have demonstrated
the therapeutic efficacy of oral GS adminis-
tration in the treatment of osteoarthritis. Al-
though many of these have compared GS to
placebo, inthe trialswhere GS has been com-
pared to NSAIDs, long-term reductionsin pain
are greater in patients receiving GS. As dis-
cussed under the section covering mechanisms
of action, GS hasvery littledirect anti-inflam-
matory effect and no demonstrated ability to
directly act as an analgesic or pain relieving
agent. Instead, GS appearsto directly halt the
progression of and probably promote the re-
generation of the joint matrix by stimulating
production of proteoglycans.

Reichelt et a have demonstrated the
efficacy of intramuscular injections of GS in
a placebo-controlled, double-blind trial

conducted with 155 out-patients diagnosed
with osteoarthritis of the knee. Intramuscular
injections of GS (400 mg) were given twice a
week for six weeks. A favorable responserate
to therapy was reported in 55% of patients
given IM GS and 33% of patients receiving
placebo.? During al12-month study period, GS
had a chondroprotective activity, which was
significant after thefirst 3 months of therapy.?
Hehne et a treated 68 patients with mild or
moderate degeneration of the knee joint by
injecting either GS or GAGPS intraarticularly
for six weeks. Two-thirds of the patients
responded favorably to thetherapy. “ Loading”
pain was eliminated or improved in about 80%,
“getting-going” pain in about 64%, and signs
of synoviditisin about 66%. The authors noted
that GS had a superior effect overall,
particularly in individuals with mild arthritis,
achieving an improvement of pain in 90% of
patients, however, administration of GAGPS
wasjudged to be more successful in advanced
cases of degeneration.?

Two groups of patients with chronic
degenerative articular disordersreceived either
400 mg of GS or apiperazine/chlorbutanol (P/
C) combination either IV or IM daily for seven
days. After completion of the injections, the
group who had been receiving GS was given
500 mg of GS orally three times daily for two
weeks, while the other group of patients was
placed on placebo. Symptoms improved in
both groups during parenteral treatment;
however, afaster and greater improvement in
symptoms was reported for the individuals
receiving GS (58% decrease in symptoms as
opposed to 31% for P/C group). An additional
reduction in the symptom score (13%) was
reported by individuals receiving follow-up
oral GS, while individuals on placebo had a
reversal of symptom scores, with their
symptoms returning to approximately pre-
treatment levels.® Crolleand D’ Este, utilizing
asimilar protocol, reported the samefavorable
outcome in terms of symptom improvement.
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Additionally, they observed a significant
functional improvement, as measured in
walking speed over 20 meters, with the GS
group improving their speed by 72%.%

An open study on the effectiveness of
GSfor arthritiswas conducted by 252 doctors
on 1183 patients. Patients were given 500 mg
of GS orally three times per day for a period
of 50.3 +/-14.4 (range 13-99) days. The
treatment was judged “effective” by doctors
in 58.7% of the patients and as “ sufficient” in
an additional 36% of the patients (a total of
almost 95% positive response to GS). Based
on the objective criteriathe doctorswereusing,
only 5.3% of patients were judged as having
an “insufficient” response to GS. Results
indicate that pain produced by active and
passive movement was reduced, and
symptomsof pain at rest, standing, and during
exercise improved steadily throughout the
treatment period. Tapadinhas et al noted that
patientswith arthritis of the shoulder or elbow
responded the best (about 75% judged as
“good” and only 1% judged as“insufficient”),
whilepolyarticular arthritisand arthritis of the
hip had the poorest response rate (43% and
49%, respectively) and might require longer
treatment duration. |mprovementsremained 6-
12 weeks following cessation of treatment
regimen.?’

Twenty-four patientswith osteoarthri-
tis of the knee were randomly assigned to a
treatment group (500 mg GS three times per
day orally) or placebo group for 6-8 weeks. A
significant aleviation of self-assessed degree
of articular pain, joint tenderness, and swell-
ing was reported by the group receiving GS.
Results were confirmed by physician assess-
ment of efficacy with the outcome rated as
“excellent” inall 10 patientsreceiving GSand
“fair” to“poor” in patientsreceiving placebo.?

Forty-one patients with adiagnosis of
unilateral osteoarthritis of the knee were ran-
domly assigned to either a GS group (500 mg
GSthreetimes per day) or an ibuprofen group

(400 mg ibuprofen three times per day) for
eight weeks of treatment. Self-assessed pain
scores decreased in both treatment groups. The
ibuprofen-treated patients experienced amore
dramatic reduction in pain during the initial
two weeks of treatment; however, pain scores
stabilized at this point and no further reduc-
tions were reported. While reduction in pain
was not as rapid for individuals being treated
with GS, after four weeks of treatment, reduc-
tionin pain was greater in GS-treated patients
than in ibuprofen-treated patients. In contrast
to individual s treated with ibuprofen, contin-
ued administration of GS also resulted in a
continued decrease in individual pain scores
throughout the eight weeks of therapy.® Rovati
similarly reported that administration of GS
was more effective than placebo and compa
rable in effect to ibuprofen for treatment of
osteoarthritis of the knee.®

CShavebeeninvestigated in the treat-
ment of arthritis; however, typically, propri-
etary CSproductsare utilized. The most com-
monly investigated products arereferred toin
the literature as glycosaminoglycan
polysulfate (Arteparon), galactosamino-
glycuronoglycan sulfate (Matrix), CS
(Condrosulf), and CS (Structum). These prepa:
rations appear to produce afavorable outcome
when administered to individuals with arthri-
tis, however, many of the trials to date have
used either intraarticular or intramuscular
routes of administration. In trials which have
given these substances orally, improvement in
symptoms has been noted. Based on the meta-
bolic data on CS, this effect is probably pri-
marily aresult of the degradation products of
CS (glucuronic acid and N-acetylgal act-
osamine) since, at best, only about 8% of a
low molecular weight preparation of CS is
absorbed intact.

Arteparon has been used in veterinary
medicine in Europe for over two decades for
treatment of degenerative joint disease. The
drug isadministered directly into the diseased
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Table 2. Reported Side-effects of Glucosamine Sulfate

% of patients
complaining

indicated treatment was capable of hav-
Symptom

Epigastric pain/tenderness 3.48
Heartburn 2.73
Diarrhea 2.48
Nausea 1.16
Dyspepsia 0.99
Vomiting 0.83
Drowsiness 0.83
Constipation 0.66
Gastric Heaviness 0.50
Skin Reactions 0.33
Headaches 0.33
Anorexia 0.25
Abdominal Pain 0.25
Meteorism 0.17
Somnolence 0.17
Insomnia 0.08
Edema 0.08
Tachycardia 0.08

Modified and Adapted from:
Tapadinhas MJ, Rivera IC, Bignamini AA. Oral glucosamine

sulfate in the management of arthrosis: report on a multi-centre

open investigation in Portugal. Pharmatherapeutica 1982;3:
157-168.

ing a positive influence on joint pain.2 A
double-blind, placebo-controlled trial of
Matrix was conducted on 40 patientswith
tibiofibular arthritis of the knee. Patients
received 50 intramuscul ar injections (one
injection twice aweek) for 25 weeks. The
following symptoms were evaluated:
spontaneous pain, pain on loading, on
passive movement, and on pressure.
Anaysisof resultsindicated astatistically
significant therapeutic effect by Matrix on
all symptoms taken into consideration.®
Oliviero et a also reported favorable ef-
fects both in reduction in pain and im-
provement in motility when Matrix is
given (either intraarticularly or orally) to
elderly patientswith joint degeneration.®

Condrosulf was given orally to 61 pa-
tients with osteoarthritis of the hip, knee
and/or finger joints, in an open,
multicenter, phase IV trial for 3 months.
NSAIDswere used concurrently through-
out the trial period. Co-administration of
Condrosulf resulted in a 72% reduction
in the effective dose of NSAIDs required

joint to improve functional properties of the
cartilage and to stimul ate cartilage metabolism.
The effect of Arteparon administered
intraarticularly or intramuscularly has also
been investigated in humans with osteoarthri-
tis of hip-joints. Patients received either six
injectionswith 125 mg/0.5 ml intraarticularly
or 10 injections with 125 mg/0.5 ml IM. Re-
duction of pain, and improved function and
motility of thetreated hip-jointswas observed,
and results were similar irrespective of the
method of administration.?

Matrix has also produced improve-
mentsin arthritic symptoms regardless of the
manner of administration. Matrix was given
oraly (800 mg/day) for two years to patients
with osteoarthritis of the hands. The results

to relieve pain.®

Morreale et al conducted a random-
ized, multicenter, double-blind clinical trial to
assess the efficacy of CS administered orally
in comparison with diclofenac sodium (an
NSAID) in patients with osteoarthritis of the
knee. During the first month, patients in the
NSAID group were treated with 50 mg
diclofenac sodium and 400 mg placebo tid.
From month 2 to month 3, these patientswere
given only 400 mg of placebo tid. In the CS
group, patients were treated with 50 mg pla-
cebo (for diclofenac) and 400 mg of CS tid
during thefirst month. From month 2 to month
3, these patients received only 400 mg of CS
tid. The patients treated with the NSAID
(diclofenac sodium) showed a prompt reduc-
tion of clinical symptoms; however, symptoms
reappeared quickly after the discontinuation
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of treatment. Patients treated with CS had a
slower responseto treatment, although the fa-
vorabl e response remained up to three months
after discontinuation of treatment.®

Mazieres et al conducted a random-
ized, placebo-controlled, double-blind trial
designed to evaluate the effectiveness of
Structum on 120 patients with osteoarthritis
of the knees and hips. Patients received 200
mg Structum orally gid for three months. The
treatment phase wasfollowed by atwo-month
treatment-free phase to allow evaluation of
carry-over effects. At the completion of the
three-month treatment phase, patients taking
Structum were using significantly less
NSAIDsand overall patient and physician as-
sessmentsindicated animprovement in symp-
toms.%

Toxicity and Dosage

No LD, is established for GS or glu-
cosamine, sinceeven at very high levels (5000
mg/kg oral, 3000 mg/kg IM, and 1500 mg/kg
IV) there is no mortality in mice or rats.®®
Tapadinhas et al evaluated the tolerability of
GStreatment in 1208 patients; 1062 (88%) of
the individual s reported no side-effects. Table
2 lists the reported side-effects and their fre-
guency. Most of the reported complaintswere
mild in character and al complaints were re-
versed when treatment with GS was discon-
tinued.?’

GS has been administered safely to
patients with a variety of disease conditions,
including circulatory disease, liver disorders,
diabetes, lung disorders, and depression, with
no observed interference with either the course
of theillness or pharmacological treatment for
the conditions.®

The typical dosage routine for GS is
500 mg threetimesdaily orally for aminimum
of six weeks. Most individuals will benefit
from repetitive courses of administration, since
improvements from GS only appear to be
retained for an average of 6-12 weeks

following cessation of a six-week period of
treatment. Since it is safe for long-term
administration, continuous administration is
also appropriate.

Obesity has been associated with a
bel ow averageresponseto GS.# It has not been
determined whether ahigher dose of GSwould
result in a better clinical outcomein these in-
dividuals, however, this strategy is safe and
might result in improved clinical outcomes.
Evidence also indicates individuals with ac-
tive peptic ulcers and those taking diuretics
have abelow averageresponseto GSand tend
to have anincreased incidence of side-effects.

CSarewdll tolerated following an oral
doseand no signsor symptomsof toxicity have
been reported.” About 3% of individuals re-
port slight dyspeptic symptoms or nauseafol-
lowing oral administration of CS.** Similar to
GS, resultsobtained from administration of CS
are not permanent, so repeated cycles of ad-
ministration are needed to produce best resuilts.
Thetypical oral dosageis400 mgtwicedaily;
however, asingle dose of 800 mg per day ap-
pears to be equally effective based on phar-
macokinetic data.

Thesourceof CSisusualy bovinetra-
chea (while GS is derived from the chitin of
crab shells); however, the processing (degree
of fractionation, range of particle size, and
range of molecular mass), location and per-
centage of sulfation, and purity of CS (based
on the amount of other glycosaminoglycans
such askeratan sulfate, dermatan sulfate, etc.)
present in the preparation might dramatically
alter the metabolic fate and the therapeutic
results following oral or parenteral adminis-
tration. It is important to recognize that most
of the proprietary products utilized in the stud-
iesare extracted and purified to contain ahigh
degree of CS (up to 97%). It is quite likely
that some available products actually have a
significantly lower percentage of CS, which
could dramatically influence the dosage re-
quired for therapeutic efficacy. The molecul ar
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mass of CS might also have animpact onclini-
cal results. The most significant absorption of
intact CS appearsto occur with alow molecu-
lar mass product.
Althoughinformationislimited onthe
combined oral administration of GS and CS,
thereiscurrently no reason to suspect thiscom-
bination would increase theincidence of side-
effects. Thereisalso no information currently
available in the literature which would indi-
cate what the optimal dose would be of each
substance if they are taken together.

Conclusion

G6-P is the starting point in the syn-
thesis of many important macromoleculesin-
cluding, glycoproteins, glycolipids, gly-
cosaminoglycans, and hyaluronate. As a
supplemental form of G6-P, GS hasarole in
the synthesis of structural proteins (cell mem-
brane lining, collagen, osteoid, bone matrix),
lubricants and protective agents (mucin, mu-
cous secretions), transport molecules, immu-
nological molecules (immunoglobulins, inter-
feron), hormones (gonadotropin, TSH, TRF),
enzymes (proteases, nucleases, etc.), and
lectins.

Treatment with GS is thought to nor-
malize biosynthesis of the substrates required
to restorethefunctional ability of ajoint. Suc-
cessful treatment of osteoarthritis must effec-
tively control pain and should slow down or
reverse the progression of the disease. Bio-
chemical and pharmacological datacombined
with animal and human studies demonstrate
that GS is capable of satisfying both criteria.
Whiletreatment with GS does not producethe
initial dramatic reductionsin pain normally as-
sociated with NSAIDs, its ability to reduce
pain is consistent and progressive throughout
the course of its administration, resulting in a
long-term improvement in the condition.

CS are an integral component of
proteoglycans. As such, they are essential for

thestructural and functional integrity of joints.
Current findings indicate oral administration
of CS are useful for treatment of osteoarthri-
tis, both as an agent to slowly reduce symp-
tomsand to reduce the need for NSAIDs. Since
only asmall percentage of even low molecu-
lar weight CS is absorbed intact, a great deal
of the clinical effect appears to be a result of
the digestion to and absorption of the constitu-
ent alternating residues of glucuronic acid and
N-acetyl galactosamine which comprise the
polysaccharide chain of CS. Although GSand
CS are often administered together, currently
there is no information available to demon-
strate the combination produces better results
than GS aone.
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