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CONCISE REPORT

Effects of oral glucosamine sulphate on serum glucose and
insulin during an oral glucose tolerance test of subjects with

osteoarthritis

B A Biggee, C M Blinn, M Nuite, J E Silbert, T E McAlindon

Background and objective: Glucosamine is suggested to affect
glucose transport and insulin resistance. The effects of oral
glucosamine on serum glucose and insulin levels at the initiation
and throughout the duration of a 3-h oral glucose tolerance test
were examined.

Methods: Sera from 16 patients with osteoarthritis, but with no
other diagnosed medical condition who had fasted overnight,
were obtained every 15-30 min during the 3 h of continued
fasting and during the 3 h after ingestion of 75 g of glucose
with or without ingestion of 1500 mg of glucosamine sulphate.
Glucose was analysed by high-performance liquid chromato-
graphy using a Metrohm-Peak 817 Bioscan, and the area
under the curve (AUC) for glucose was calculated. Insulin was
measured by radioimmunoassay every 30 min for 2 h.
Results: Three participants who were found to have previously
undiagnosed abnormalities of glucose tolerance demonstrated
significant (p=0.04) incremental elevations in glucose levels
after ingestion of glucosamine sulphate. The other 13
participants also had mean incremental elevations that were
not significant (p=0.20). Glucosamine sulphate ingestion had
no effect on insulin levels.

Conclusion: The results suggest that glucosamine ingestion may
affect glucose levels and consequent glucose uptake in patients
who have untreated diabetes or glucose intolerance.

osteoarthritis. However, it is not ordinarily found in

mammalian tissues as free sugar, but is provided in cells
by intracellular synthesis by the conversion of glucose-6-
phosphate to fructose-6-phosphate and then by a controlling
step by glutamine:fructose-6-phosphate amidotransferase to form
glucosamine-6-phosphate. Exogenous glucosamine, when pro-
vided to cultured cells, enters by 6-phosphorylation similarly but
less efficiently than glucose. This provides a potential accumula-
tion of glucosamine-6-phosphate, which has been found to affect
glucose transport and insulin resistance,"” and suggests that
ingestion may have similar consequences in humans.

It has been reported that glucosamine given intravenously to
animals*” or with organ culture® ” induces insulin resistance. In
contrast, other reports indicated that short-term intravenous
glucosamine did not affect insulin sensitivity or secretion in
healthy humans,' ' and that oral ingestion at standard doses
for 4 weeks' and 12 weeks ** had no apparent effect on insulin,
fasting glucose or glucose levels during a subsequent oral
glucose tolerance test. However, these glucose tolerance tests
and insulin levels were apparently taken in the morning,
8-12 h after glucosamine had been ingested, when serum
glucosamine would have fallen to baseline levels that we have
previously determined to be <0.5 umol/l."* Thus, no immediate
direct effect would be seen. Consequently, we aimed to examine
the effects of oral glucosamine sulphate (1500 mg) on serum

Glucosamine is widely marketed as a treatment for

www.onnrheumdis.com

Ann Rheum Dis 2007;66:260-262. doi: 10.1136/ard.2006.058222

glucose and insulin levels when glucosamine was taken
simultaneously at the beginning of a standard glucose tolerance
test rather than the day before. We found slight inconsistent
effects on glucose levels with 13 normoglycaemic subjects, but
significant effects with three people who had unsuspected
diabetes or impaired glucose tolerance curves.

MATERIALS AND METHODS

Materials

Glucosamine sulphate was purchased from Rottapharm Ltd
(Neptune, New Jersey, USA) and given as one 1500 mg powder
in 295 ml of water. Glucose tolerance test solution, in Trutol
Cola 75 g/bottle, was purchased from NERL Diagnostics
(Fischer Scientific, East Providence, Rhode Island, USA).

Subjects

Subjects fulfilling the American College of Rheumatology criteria
for hand, hip or knee osteoarthritis, but otherwise apparently
healthy were recruited over a period of several months from Tufts-
New England Medical Arthritis Treatment Center (Boston,
Massachusetts, USA). Subjects were excluded if they had a body
mass index (BMI) <20 or >40 kg/m? known diabetes mellitus,
fasting blood glucose level >110 mg/dl, kidney or liver disease,
acute illness, previous myocardial infarction, uncontrolled inflam-
matory condition, malignancy, endocrine disorder, corticosteroid
use, anaemia, or pregnancy. Informed consent was obtained with
approval by the Human Institutional Review Boards, Tufts-New
England Medical Center and Bedford Veteran’s Affairs Hospital
(Bedford, Massachusetts, USA).

Of the 18 subjects who began the study, two withdrew after
the first visit for reasons unrelated to the study protocol.
Analyses were performed for the 11 women and 5 men who
completed all study visits. Age (41-74 years, median 62 years),
weight (42-132 kg, median 91 kg), BMI (22-40 kg/m? median
31 kg/m?), area affected by osteoarthritis and previous use of
glucosamine by subjects were as published previously.™

Study protocol

The study was performed in three visits, 1-2 weeks apart, and a
fourth, several months later, with subjects fasted overnight and
all morning drugs withheld. The doses at each visit were as
follows: 1500 mg of glucosamine sulphate at visit 1; 75 g of
glucose at visit 2; 1500 mg of glucosamine sulphate then 75 g
of glucose given within 5 min at visit 3; and control without
glucose or glucosamine sulphate at visit 4.

Sample collections

An intravenous catheter was inserted and kept clear with normal
saline. Blood was obtained at time 0 and then at 15, 30, 45, 60, 90,
120, 150 and 180 min after ingestion. After clotting at room
temperature for 30 min, samples were centrifuged at 1500 rpm at
4°C for 15 min and serum stored at —70°C until assay.

Abbreviations: AUC, area under the curve; BMI, body mass index
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Table 1  3-h incremental area under the curve (AUC) glucose and 2-h total AUC insulin for
75 g oral glucose tolerance test performed with and without 1500 mg glucosamine sulphate
3-h incremental AUC for glucose (mg min/ml) 2-h total AUC insulin (mIU min/ml)
75-g glucose tolerance 75-g glucose tolerance

Patient ID  Without GIcN With GlcN Without GlcN With GlcN
2 74 47 17.8 15.2

3 53 33 10.0 10.4

4 75 63 6.0 53

6 -19 52 6.8 5.1

13 8 38 6.0 3.2

14 30 60 6.6 6.8

15 28 4 13.7 15.8

18 39 40 3.3 4.1

19 27 63 5.5 6.3

20 6 53 9.8 11.2

21 13 4 2.8 2.4

22 28 39 3.8 53

23 16 5 6.9 5.0

Mean (SD) 29 (27) 39 (22) 7.6 (4.1) 7.4 (4.2)
15 66 117 11.8 11.2

7 237 297 3.5 3.8

17 131 160 11.4 10.4
Mean (SD) 145 (8¢) 191 (94) 8.9 (3.8) 8.5 (3.3)
AUC, area under the curve; GlcN, glucosamine

Biochemical analysis

To measure glucose, 50 pul of serum was diluted 1:40 by
addition of 1.95 ml of water for automated analysis at 35°C by a
Metrohm-Peak 817 Bioscan (Metrohm-Peak, Inc., Houston, TX,
USA) by pulsed amperometric detection after elution from an
ion-exchange Metrosep Carb 1 (250x4.5 mm) column, and
measured against standards as described previously.'

Serum insulin was measured by radioimmunoassay (‘Coat-a-
count’ radioimmunoassay kit, Diagnostic Products Corporation,
Los Angeles, California, USA) with an interassay coefficient of
variation <10%.

Data analysis

Oral glucose tolerance profiles were classified as normal (2-h
glucose, <140 mg/dl); impaired (2-h glucose, >140-<200 mg/
dl); or diabetic (2-h glucose, >200 mg/dl) by World Health
Organization criteria. Areas under the curve (AUCs) for
increase in glucose and insulin over baseline were calculated
by trapezoidal rule, and means were tested for significance by
paired t test. Mean glucose and insulin blood levels of all
subjects were calculated for each time point.

RESULTS
Glucose levels with and without ingestion of
glucosamine
Fasting glucose levels remained essentially constant for 3 h
with or without ingestion of glucosamine, thus providing an
accurate baseline. Table 1 shows incremental glucose AUC over
the baseline in mg min/ml for 75 g glucose ingestion with and
without glucosamine for each participant. Unexpectedly, three
subjects had glucose tolerance curves that indicated previously
undiagnosed diabetes or impaired glucose tolerance. There were
wide variations among the 13 normoglycaemic participants,
with the mean glucose AUC increment being somewhat higher
when glucosamine was ingested, but not reaching statistical
significance (39 v 29 mg min/ml, p =0.20). In contrast, the
three subjects with abnormal glucose tolerance tests showed a
mean higher glucose AUC increment that was significant (191 v
145 mg min/ml, p = 0.04) with glucosamine ingestion.

The mean glucose levels at each time interval for the
normoglycaemics (fig 1) showed small differences with
glucosamine ingestion. The three subjects with abnormal

glucose tolerance tests (fig 2) showed much greater differences
when glucosamine was ingested, with a tendency for levels to
peak slightly later and to be more prolonged. There were no
apparent relationships of any glucose levels with parameters of
sex, age, weight, BMI or prior glucosamine utilisation.

Insulin levels with and without ingestion of glucosamine
Table 1 shows incremental insulin in mIU min/ml AUC (time
0-120 min, 75 g glucose tolerance tests with and without
glucosamine) for each participant and varied considerably
among subjects and in relation to glucose levels. However,
mean levels at each time interval (fig 1) and AUC for each
individual (table 1) varied little with glucosamine ingestion.
Ingestion of glucosamine by the two patients with diabetes did
not modify insulin levels at any time interval (fig 2), but there
was some modification of the insulin levels of the subject with
impaired glucose tolerance. There were no apparent relation-
ships of any insulin levels with parameters of sex, age, weight,
BMI or prior glucosamine utilisation.

DISCUSSION

We previously reported'* that ingesting 1500 mg of glucosa-
mine sulphate resulted in a mean serum peak glucosamine level
of approximately 5 pmol/l (3.3 pmol/l per g dosage), whereas
ingestion of 75 g of glucose resulted in a mean peak glucose
level of approximately 5 mmol/l (66 pmol/l per g dosage). Thus,
20 times more glucose than glucosamine reached the peripheral
circulation in relation to dosage. Furthermore glucosamine
levels returned to <0.5 pmol/l by 8 h, so that little accumula-
tion would occur on a day to day basis. It seems that as much as
1.25 g (7 mmol) of glucosamine travelled directly through the
portal system to provide the extracellular 300-400 ml of liver
with a concentration as high as 5-20 mmol/l depending on the
rapidity of intracellular use. This is as much as 1000 times the
concentration that reaches the peripheral circulation." Thus, in
vitro or intravenous studies using concentrations as high as
1.5 mmol/I"" bypassing the liver may not be pertinent to human
consumption and would be less likely to demonstrate any liver-
mediated effects similar to what we have seen. Notably, there
was no apparent increase in insulin levels as might be expected
to accompany higher glucose levels after glucosamine ingestion
by the three diabetic/glucose intolerant subjects, suggesting
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Fi?ure 1 Mean glucose and insulin levels at timed intervals during glucose
tolerance test for 13 normoglycaemic patients. Mean serum glucose levels

in mg/dl with (®) and without (O) ingestion of glucosamine sulphate, and
mean serum insulin levels in mIU/ml with (A) and without (A) ingestion of
oral glucosamine sulphate.

that the high liver levels may have affected insulin response,
perhaps by some unknown mechanism.

Subgroup analysis for the six subjects who were taking
glucosamine supplements before this study revealed no con-
sistent differences in glucose or insulin levels from the 10
subjects who had not taken glucosamine previously.

Our study adds to previous reports'” ** that oral doses of
glucosamine taken over a period of time have little or no
significant effect on glucose metabolism in people who are
neither diabetic nor glucose intolerant. However, this is the first
study to report glucose and insulin levels when glucosamine is
coingested with an oral glucose load and not the morning after,
when glucosamine levels would be negligible. This study also
provides a better indication of effects on diabetics or glucose
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Figure 2 Glucose and insulin levels at timed intervals during a glucose
1o?erqnce test for three diabetic or glucose intolerant subjects. Serum
glucose levels in mg/dl with (@) and without (O) ingestion of glucosamine
sulphate, and serum insulin levels in mIU/ml with (A) and without (A)
ingestion of oral glucosamine sulphate.
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intolerant subjects who are taking no drugs for diabetes, in
contrast with a reported lack of effect on people with type 2
diabetes taking oral drugs for hyperglycaemia."

Further investigation is warranted to define the extent and
frequency of glucose elevations when glucosamine is provided
simultaneously to people with diabetes who have undergone
treatment or to untreated people with glucose intolerance or
early diabetes, particularly in view of recent reports questioning
if glucosamine has any efficacy.
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