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Glucosamine
DESCRIPTION

Glucosamine is an amino monosaccharide found in chitin,
glycoproteins and glycosaminoglycans (formerly known as
mucopolysaccharides) such as hyaluronic acid and heparan
sulfate. Glucosamine is also known as 2-amino-2-deoxyglu-
cose, 2-amino-2-deoxy-beta-D-glucopyranose and chitosa-
mine. Glucosamine has the following chemical structure:

HO
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NH2

Glucosamine

Glucosamine is available commercially as a nutritional
supplement in three forms: glucosamine hydrochloride or
glucosamine HCI, glucosamine sulfate and N-acetyl-
glucosamine.

At neutral as well as physiologic pH, the amino group in
glucosamine is protonated, resulting in its having a positive
charge. Salt forms of glucosamine contain negative anions to
neutralize the charge. In the case of glucosamine hydrochlo-
ride, the anion is chloride, and in glucosamine sulfate the
anion is sulfate. N-acetylglucosamine is a delivery form of
glucosamine in which the amino group is acetylated, thus
neutralizing its charge. To date, most of the clinical studies
examining the effect of glucosamine on osteoarthritis have
been performed with either the sulfate or the chloride salts of
glucosamine. All three forms are water soluble.

The glucosamine used in supplements is typically derived
from marine exoskeletons. Synthetic glucosamine is also
available.

ACTIONS AND PHARMACOLOGY

ACTIONS

The actions of supplemental glucosamine have yet to be
clarified. It may play a role in the promotion and mainte-
nance of the structure and function of cartilage in the joints
of the body. Glucosamine may also have anti-inflammatory
properties.
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MECHANISM OF ACTION

Until the specific actions of supplemental glucosamine are
determined, the mechanism of action in relieving arthritic
pain and in repair of cartilage is a matter of speculation.
However, we do know a great deal about the biochemistry of
the molecules in which glucosamine is found. Biochemical-
ly, glucosamine is involved in glycoprotein metabolism.
Glycoproteins, known as proteoglycans, form the ground
substance in the extra-cellular matrix of connective tissue.
Proteoglycans are polyanionic substances of high-molecular
weight and contain many different types of heteropolysac-
charide side-chains covalently linked to a polypeptide-chain
backbone. These polysaccharides make up to 95% of the
proteoglycan structure. In fact, chemically, proteoglycans
resemble polysaccharides more than they do proteins.

The polysaccharide groups in proteoglycans are called
glycosaminoglycans or GAGs. GAGs include hyaluronic
acid, chondroitin sulfate, dermatan sulfate, keratan sulfate,
heparin and heparan sulfate. All of the GAGs contain
derivatives of glucosamine or galactosamine.

Glucosamine derivatives are found in hyaluronic acid,
keratan sulfate and heparan sulfate. Chondroitin sulfate
contains derivatives of galactosamine.

The glucosamine-containing glycosaminoglycan hyaluronic
acid is vital for the function of articular cartilage. GAG
chains are fundamental components of aggrecan found in
articular cartilage. Aggrecan confers upon articular cartilage
shock-absorbing properties. It does this by providing carti-
lage with a swelling pressure that is restrained by the tensile
forces of collagen fibers. This balance confers upon articular
cartilage the deformable resilience vital to its function.

In the early stages of degenerative joint disease, aggrecan
biosynthesis is increased. However, in later stages, aggrecan
synthesis is decreased, leading eventually to the loss of
cartilage resiliency and to most of the symptoms that
accompany osteoarthritis.

During the progression of osteoarthritis, exogenous glucos-
amine may have a beneficial role. It is known that, in vitro,
chondrocytes do synthesize more aggregan when the culture
medium is supplemented with glucosamine. N-acetylglucos-
amine is found to be less effective in these in vitro studies.
Glucosamine has also been found to have antioxidant
activity and to be beneficial in animal models of experimen-
tal arthritis.

The counter anion of the glucosamine salt (i.e. chloride or
sulfate) is unlikely to play any role in the action or
pharmacokinetics of glucosamine." Further, the sulfate in
glucosamine sulfate supplements should not be confused
with the glucosamine sulfate found in such GAGs as keratan

sulfate and heparan sulfate. In the case of the supplement,
sulfate is the anion of the salt. In the case of the above
GAGs, sulfate is present as an ester. Also, there is no
glucosamine sulfate in chondroitin sulfate.

PHARMACOKINETICS

The pharmacokinetics of glucosamine is derived primarily
from animal studies. About 90% of glucosamine adminis-
tered orally 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. Free glucosamine is not detected in
the serum after oral intake, and it is not presently known how
much of an ingested dose is taken up in the joints in humans.
Some uptake in the articular cartilage is seen in animal
studies.

INDICATIONS AND USAGE

Large recent studies have cast doubt on the claim that
glucosamine may confer significant benefits in osteoarthritis,
either alone or in combination with chondroitin sulfate (see
Chondroitin Sulfate). Some believe, however, that the proper
formulation of glucosamine may indeed confer significant
benefits in some with osteoarthritis.

RESEARCH SUMMARY

Glucosamine alone and in combination with chondroitin
sulfate has become one of the biggest sellers in the
supplement supermarket, used by millions in an attempt to
prevent anq,"alleviatesymptoms of arthritis and for bone/joint
health generally. Some early studies indicated significant
efficacy. Recently, however, large studies have emerged that
call much of the prior positive evidence into some degree of
question. Some contend, however, that when the "proper"
formof glucosamineis used good results are obtained.Older
studies are analyzed first below, followed by summaries of
the more recent, less positive work and an explanation of the
ensuing and ongoing controversy.

Two meta-analyses dating back some years reported that
glucosamine is useful in the treatment of osteoarthritis. One
of these meta-analyses included all double-blind, placebo-
controlled trials that lasted four weeks or longer. This meta-
analysis also included trials that studied the effects of
chondroitin sulfate (see Chondroitin Sulfate). In all, there
were I3 of these studies (six involving glucosamine and
seven involving chondroitin sulfate).

All 13 studies found positive results in hip or knee
osteoarthritis. The authors of the meta-analysis judged a trial
positive if there was 25% or more improvement in the
treatment group compared with placebo. The Levesque
Index and global pain scores were used to assess improve-
ment. Very significant improvement was associated with
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both glucosamine (39.5%) and chondroitin sulfate (40.2%),
compared with placebo.

In another meta-analysis of nine randomized, controlled
trials of glucosamine, glucosamine was significantly superior
to placebo in seven of the studies and was superior to
ibuprofen and equal to ibuprofen in the other two studies.

A long-term, randomized placebo-controlled trial of glucos-
amine sulfate's effects on osteoarthritis ended with the
conclusion that the supplement halts progression of structural
joint damage and reduces symptoms of those with os-
teoarthritis of the knee. The study involved 212 patients 50
years or older who received 1500 milligrams of glucosamine
sulfate daily or placebo.

Radiographic evidence, at a three-year follow-up, showed
joint space narrowing-the prime indicator of arthritic joint
damage-in the placebo group consistent with what has been
documented to be typical in untreated osteoarthritis. The
glucosamine-supplemented subjects, on the other hand,
showed only a non-significant increase in joint space at the
same three-year follow-up.

In another study there was an apparent synergistic effect
using glucosamine and chondroitin together. The combina-
tion was more effective than either substance alone in
inhibiting progression of degenerative cartilage lesions in an
experimental study.

The idea that glucosamine might be effective in osteoarthritis
was based, in part, on the following: Glucosamine is crucial
for the construction of glycosaminoglycans (GAGs) in
articular cartilage. Reduced GAG content in osteoarthritic
cartilage matrix corresponds with the severity of osteoarthri-
tis. Oral glucosamine appears to be capable of prompting the
chondrocytes to secrete more GAGs. This knowledge,
derived from animal and in vitro studies, has prompted
clinical trials of glucosamine in osteoarthritis.

In contrast with the positive findings of past years, recent
research has yielded generally, but not entirely, negative
results, surprising many researchers. The Glucosamine/chon-
droitin Arthritis Intervention Trial (GAIT) was a random-
ized, double-blind, placebo and active comparator
(celecoxib) controlled trial of 1,583 individuals with symp-
tomatic osteoarthritis of the knee. Those randomized to
receive the drug celecoxib had significant reduction in knee
pain, compared with placebo. The glucosamine/chondroitin
group, however, fared no better than those on placebo. This
National Institutes of Health-funded study involved 16
participating clinics. Some subjects were randomized to
receive only glucosamine hydrochloride (500 mg three times
daily), only chondroitin sulfate (400 mg three times daily),
combination chondroitinlglucosamine (in the same dosages)

or 200 mg celecoxib daily. Study agents were mandated to
be of pharmaceutical grade, since previous inquiries have
confirmed that both glucosamine and chondroitin products
are not infrequently at variance with labeling, i.e., are
inconsistent in content and potency, especially from one
product to another.

The study, though overall negative, was not wholly without
positive findings. In one subgroup of patients with moderate-
to-severe knee pain at entry, some benefit was seen in those
receiving the combination chondroitinlglucosamine supple-
ment. An improvement in knee joint swelling that reached
statistical significance was noted in those taking chondroitin
sulfate alone. Notable was the very high placebo-response
level in this study, a finding that has plagued other studies of
these substances in osteoarthritis patients. Such findings are
believed by some to make detection of positive responses
more difficult. Nonetheless, the statistical robustness of the
major negative finding was of high magnitude, imparting a
high level of confidence in its accuracy. A post hoc analy~is
of the chondroitin sulfate subjects in whom knee swelling
relief was statistically confirmed indicated that the best
results were obtained in those with relatively milder symp-
toms and baseline radiographic changes.

An editorial accompanying the GAIT study in The New
England Journal of Medicine said it was unfortunate that the
inquiry did not use glucosamine sulfate instead of glucos-
amine hydrochloride, since several other studies had previ-
ously shown that the hydrochloride was not efficacious,
whereas some other data seemed to indicate that the sulfate
was. Nevertheless, the editorialist found the GAIT findings
compelling and concluded: "On the basis of the results from
GAIT, it seems prudent to tell our patients with symptomatic
osteoarthritis of the knee that neither glucosamine hydro-
chloride nor chondroitin sulfate alone has been shown to be
more efficacious than placebo for the treatment of knee
pain." The editorialist further recommended that if individu-
als use glucosamine that they use glucosamine sulfate, rather
than glucosamine hydrochloride and that they consider using
a combination glucosamine sulfate and chondroitin sulfate
for the possible additive effect. The editorial stated that there
is no evidence that these substances can have any preventive
effects in healthy persons or in persons with knee pain but
normal radiographs. Three months of treatment was said to
be adequate to test the substances for possible efficacy at the
doses typically recommended.

This editorial pointed out that it was not surpnsmg that
glucosamine hydrochloride was not effective, given the
results of recent systematic reviews and meta-analyses.
These showed that when either glucosamine hydrochloride
from any source or glucosamine sulfate not manufactured by
Rottapharm, maker of the only glucosamine product ap-
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proved as a drug in Europe, were used no positive effects
were found in knee osteoarthritis. By contrast, when the
Rottapharm glucosamine sulfate was compared with placebo
in seven randomized trials, the glucosamine was significant-
ly better than placebo in reducing pain and/or improving
function. (In three other trials, however, the Rottapharm
product was no better than placebo.)

One group of researchers has taken the position that even the
data involving the Rottapharm product cannot be relied
upon, attributing differences in results variable in terms of
glucosamine forms, products, dosages and trial designs to
industry involvement and funding. An editorial in Arthritis &
Rheumatism recently took exception to that conclusion. It
pointed to the pharmaceutical status of the Rottapharm
glucosamine sulfate product, the general consistency of well-
designed studies using the product and the fact that the
European League Against Rheumatism has assigned its
highest ratings to the glucosamine sulfate data involving the
product. The editorial argued that industry participation in
studies has been shown to improve, rather than degrade,
design quality in many cases. The editorial pointed out that,
since the Rottapharm product is an approved drug in all
European Union countries and in another 50 countries
worldwide and not simply another largely unregulated
supplement, as they said was implied in the meta-analysis, it
was appropriate and usual for the pharmaceutical originator
of the product to be involved in and funding the studies. The
editorial also noted that a panel of researchers expert in this
field recently concluded that the Rottapharm product may,
indeed, be superior to others, based upon, among other
things, a finding that the Rottapharm product produces
higher plasma concentrations of glucosamine than do other
products, such as those used in the GAIT study. The levels
seen with the Rottapharm product were said to exhibit a
strong correlation with synovial fluid levels in a range
demonstrated in vitro to inhibit interleukin-l-induced gene
expression. This mechanism, the editorialist observed, has
replaced the older hypothesis of direct stimulation of
glycoaminoglycan synthesis "that may contribute only mar-
ginally, if at all, to the overall effect, unless through the
availability of sulfate ions."

Authors of the critical meta-analysis were faulted in this
editorial for failing to "apply the principles of a sound
systematic review ... but instead put together different
efficacy outcomes and trial designs by mixing 4-week
studies with 3-year trials, intramuscular/intra-articular ad-
ministration with oral ones, and low-quality small studies
reported in the early 1980s with high-quality studies reported
in 2007." The editorial concluded that while industry
interference in trial outcomes must always be guarded
against, there was no ,direct evidence of that in these trials,
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and that conflicts of interest "by declared independent
investigators, including financial (e.g., grants) and non-
financial aspects, may be at least as much a cause for
concern" in any/all research.

More recently still, an editorial in The Annals of Internal
Medicine declared that "the jury is still out" on glucosamine
sulfate's possible favorable role in osteoarthritis. After 40
years of investigation, the definitive studies related to this
issue still remain to be done. They are needed and warranted.

CONTRAINDICATIONS, PRECAUTIONS, ADVERSE REACTIONS

CONTRAINDICA TIONS

Known hypersensitivity to a glucosamine-containing
product.

WARNINGS AND PRECAUTIONS

Glucosamine may increase insulin resistance. Glucosamine
increases insulin resistance in normal and experimentally
diabetic animals. In these animals, intravenous glucosamine
significantly decreases the rate of glucose uptake in skeletal
muscle. In animals given oral glucosamine, this is not
observed.

Those with type 2 diabetes and those who are overweight
and have problems with glucose tolerance should have their
blood sugars carefully monitored if they use glucosamine
supplements. Because of insufficient safety data, children,
pregnant women and nursing mothers should avoid using
glucosamine.

ADVERSE REACTIONS

Side effects that have been reported are mainly mild
gastrointestinal complaints such as heartburn, epigastric
distress and diarrhea. No allergic reactions have been
reported including sulfa-allergic reactions to glucosamine
sulfate.

INTERACTIONS

Glucosamine may increase insulin resistance and conse-
quently affect glucose tolerance. Diabetics who, under
medical advisement, decide to use glucosamine supplements
will need to monitor their blood glucose and may need to
adjust the doses of the medications they take to control blood

glucose. This needs to be done under medical supervision.
No other drug, nutritional supplement, food or herb interac-
tion is known.

OVERDOSAGE

None known.

DOSAGE AND ADMINISTRATION

The three forms of glucosamine available commercially are
glucosamine hydrochloride, glucosamine sulfate and N-ace-
tyl glucosamine. The usual dose used by those with
osteoarthritis is 1,500 mg daily in divided doses. These three
forms of glucosamine are available in 500 mg capsules.
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The amount of glucosamine base varies with the supplemen-
tal form. Pure glucosamine hydrochloride is about 83% in
glucosamine base, pure glucosamine sulfate is about 65% in
glucosamine base, and pure N-acetyl glucosamine, about
75% in glucosamine base. It is important that all clinical
studies standardize the glucosamine dose of the form used to
glucosamine base.

Supplements are available containing glucosamine and low-
molecular-weight chondroitin sulfate. (See Chondroitin
Sulfate.)

It usually takes several weeks of supplementation before
effects, if any, are noted.
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Glutamine Peptides
DESCRIPTION

Glutamine peptides refer to certain dipeptides used in total
parenteral nutrition (TPN) as delivery forms of L-glutamine.
The term also refers to peptides containing L-glutamine,
which are found in some nutritional supplements, particular-
ly those marketed as sports and fitness products.

L-glutamine depletion is a typical feature of such metabolic
stress conditions as trauma (including surgical trauma),
infection, sepsis, cancer and severe bums. The metabolic
response to these conditions is characterized by catabolism
and negative nitrogen balance. Under these conditions, L-
glutamine, which is normally manufactured by the body
(mainly in skeletal muscles) in sufficient quantities to satisfy
physiological demands, is required exogenously. Under these
conditions, L-glutamine becomes an essential amino acid
and must be supplied to the body in order to prevent
breakdown of muscle tissue, immune dysfunction and
compromise of the gut mucosal barrier function with
consequent bacterial translocation into the body. L-glutamine
is arguably the most needed amino acid and, indeed, one of
the most needed nutrients under these circumstances.

Until recently, L-glutamine was lacking from TPN. The
reason for this is because L-glutamine is not very soluble in
water--one gram dissolves in 20.8 ml of water at 30 degrees
Celsius-and L-glutamine is unstable in solution. The
problem has been solved by the synthesis of glutamine-
containing dipeptides, which are very soluble in water and
stable in solution.

Two synthetic glutamine-containing dipeptides that may be
used in TPN are L-alanyl-L-glutamine (Ala-Gin) and glycyl-
L-glutamine (Gly-Gln). The molecular weight of Ala-Gin is
217.24 daltons, and L-glutamine comprises 67% of the
dipeptide. L-glutamine comprises 72% of Gly-Gln, and its
molecular weight is 203.22 daltons.

ACTIONS AND PHARMACOLOGY

ACTIONS

Glutamine peptides may have immunomodulatory, anticata-

bolic/anabolic, gut mucosal barrier-protective and antioxi-

dant actions.

MECHANISM OF ACTION

The glutamine dipeptides, Ala-Gin and Gly-Gln, have
demonstrated immunomodulatory, anticataboliclanabolic,
gastrointestinal mucosal protective and antioxidant activities
when used in TPN. These activities have not yet been
demonstrated with glutamine peptides marketed as nutrition-
al supplements for fitness purposes. The mechanism of the
immunomodulatory action of the glutamine dipeptides is
unclear. The mechanism may in part be due to the ability of
L-glutamine to ameliorate the negative effects of TPN on the
immune system. Also, L-glutamine is the preferred respira-
tory fuel for lymphocytes and appears to be required to
support the proliferation of mitogen-stimulated lymphocytes,
as well as the production of interleukin-2 (IL-2) and
interferon-gamma (IFN-gamma). It also appears to be
required for the maintenance of Iymphokine-activated killer
cells (LAK). It can also enhance phagocytosis by neutrophils
and monocytes.

The anticataboliclanabolic action of the glutamine dipeptides
can be explained by their effect in sparing skeletal muscle L-
glutamine stores. Most of the L-glutamine in the body is
synthesized in skeletal muscle, where it is also stored. Under
conditions of metabolic stress, skeletal muscle can be
depleted of its L-glutamine, which is used for metabolic
activities of other tissue/cells, such as enterocytes and
lymphocytes.

The gastrointestinal mucosal-protective effect of the gluta-
mine dipeptides can be explained in a few ways. L-glutamine
is the preferred respiratory fuel for enterocytes and colono-
cytes. Maintaining the bioenergetics of these cells is
fundamental to maintaining the integrity of the intestine. In
addition, L-glutamine helps maintain secretory IgA, which
functions primarily by preventing the attachment of bacteria
to mucosal cells. L-glutamine may inhibit translocation of
Gram-negative bacteria from the intestine into the body.

Metabolic stress goes hand in hand with oxidative stress. L-
glutamine can help in ameliorating oxidative stress by
serving as precursor to glutathione.

PHARMACOKINETICS

Glutamine dipeptides in TPN are transported via the
circulation to the various tissues of the body, where they are
taken up by cells and metabolized. Ala-GIn is first metabo-
lized to L-alanine and L-glutamine, while Gly-Gln is
metabolized to glycine and L-glutamine. L-glutamine partici-
pates in various metabolic activities, including the produc-
tion of L-glutamate and other amino acids, glutathione,
energy, proteins, pyrimidine and purine nucleotides and
amino sugars. L-glutamine is eliminated by glomerular
filtration and is almost completely reabsorbed by the renal
tubules.




