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Single Dose Pharmacokinetics and Bioavailability of Glucosamine in the Rat
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Abstract Purpose: To study the pharmacokinetics of glu-
cosamine following various routes of administration of the
hydrochloride salt to rats and to locate the site of its first-
pass metabolism. Methods: Rats were cannulated in the
jugular vein and single intravenous, oral and intraperitoneal
doses of 350 rng.kg‘1 were administered. Serial blood sam-
ples were collected and plasma glucosamine concentra-
tions were determined using HPLC. Results: After
intravenous administration, the apparent terminal half-life
(1.09 £ 0.98 h), apparent steady state volume of distribu-
tion 2.1 + 1.1 L.kg‘l) and total body clearance (2.61 *
0.81 L.kg‘l.h_l) were calculated. The peak plasma concen-
tration, after oral administration, occurred approximately
30 min post-dose and the absolute bioavailability was 0.19.
Glucosamine was completely bioavailable after intraperito-
neal administration. Conclusion: Orally administered glu-
cosamine is rapidly absorbed, highly distributed and
efficiently cleared. The gut rather than liver is mainly
responsible for the first pass metabolism since reduced
bioavailability is observed after oral but not intraperitoneal
doses.

INTRODUCTION

Osteoarthritis affects approximately 12% of the general
population and the incidence increases with age (1). Cur-
rent drug therapies, including acetaminophen and nonste-
roidal anti-inflammatory drugs, do not slow or reverse the
degenerative process in osteoarthritis. Glucosamine (2-
amino-2—deoxy-D-glucose) has recently received a great
deal of public attention as a treatment for osteoarthritis,
prompting scientists to investigate its clinical usefulness
and potential adverse effects (1). It has been proposed that
glucosamine stops and possibly reverses the degenerative
process in osteoarthritis (2). Pharmacokinetic studies of
glucosamine in the rat, dog and man have been reported
(3-5). However, these investigations have been conducted
with radiolabeled drug and do not differentiate between
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glucosamine and its metabolites and/or degradation prod-
ucts. We have applied a recently reported specific and sen-
sitive HPLC-UV assay (0) to delineate the glucosamine
pharmacokinetics. To explore the site of first pass-metabo-
lism of glucosamine we followed the plasma time course
of the drug after administration of single doses to rats via
the intravenous (iz), intraperitoneal (Zp.) and oral (p.o.)
routes.

MATERIALS AND METHODS
Materials

D-(+)-glucosamine hydrochloride, D-(+)-galactosamine
hydrochloride and 1-naphthyl isothiocyanate (>95%) were
purchased from Sigma Chemical Company (St. Louis, MO,
USA). Methanol and acetonitrile were purchased from
Caledon Laboratory Ltd (Georgetown, ON, Canada) while
triethylamine and acetic acid were purchased from BDH
Inc. (Toronto, ON, Canada). All chemicals and solvents
were ACS analytical or HPLC grade. The styrene divinyl-
benzene quaternary ammonium solid-phase cartridges
(200mg/4.0 ml; particle size range 45 - 150pw) were
obtained from Alltech Associates, Inc (Deetfield, IL,
USA).

Animals

The study protocol was approved by the Health Sciences
Animal Policy and Welfare Committee of the University of
Alberta.

A group of five male Sprague-Dawley rats (260 T 4g) was
used in Z2 and oral crossover studies with a two-day wash-
out period between the two doses. The same cannula was
used for bolus injection and for withdrawal of blood sam-
ples. Following bolus injection, the cannula was washed
with normal saline solution to avoid the possibility of
carry-over. A different group of six rats, in the same
weight range, was used in the Zp. study. Rats were housed
in cages and maintained in a controlled environment with
free access to food and water.
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Procedure

Rats were anesthetized with single zp. injections of sodium
pentobarbital (60 mgkg™!), cannulated via the right jugular
vein one day prior to drug administration and fasted over-
night. Rats were administered exact volumes of glu-
cosamine HCl solution (200 mg.mL" in normal saline) to
give single 72 or p.o. doses of 350 mg/kg as injections or
gavages respectively. Blood samples (0.3 mL) were drawn
at 0, 5, 10, 15, 30, 80, 90, 120, 240, 360, and 480 min post-
dose and collected in heparinized tubes. They were centri-
fuged at 2000 g for 5 min and plasma was harvested and
kept at - 20° until analyzed.

Analytical Method

The determination of glucosamine in 0.1 mL plasma sam-
ples was performed using a previously described HPLC-
UV method (6). On the chromatogram, galactosamine
(internal standard) and glucosamine appeared at 26 and 29
min respectively. The assay was validated with a detection
limit of 0.63 Ug.mI.! and a limit of quantification of 1.25
pg.rnL‘l. The response was linear over a concentration
range of 1.25 - 400 ug.mL! and had an intra- and interday
precision of <11%. Glucosamine was found to be stable in
rat plasma for at least one month at -20°. It was also stable
for at least 24 h at room temperature during processing
through the autosampler.

Pharmacokinetic Analysis

Pharmacokinetic indices of glucosamine were determined
using non-compartmental analysis (WinNonlin version
3.1, Pharsight Corporation, CA, USA). Doses were nor-
malized based on rat body weight. The terminal elimina-
tion rate constant, 3, for the glucosamine concentration-
time curve after Zz administration was determined by the
linear regression of at least three data points from the ter-
minal portion of the plasma concentration-time plots. The
area under the plasma concentration-time curve (AUC)
was calculated using the trapezoidal rule up to the last
measured plasma concentration, Cy,. To the latter AUC
was added C/p to calculate AUC,... The total body clear-
ance, Clyg, was determined by zz dose divided by AUC,,
The steady state volume of distribution, Vg, was calcu-
lated from V ,=dose MRT/AUC,,, where MRT is the
mean tesidence time and AUMC is the atea under the
moment-time (7). The parameters were determined for
each individual animal and the sample population averages
were calculated. The observed peak plasma concentration
(Cpay) and the time-to-peak concentration (T,,) were

recorded. Absolute bioavailability (F) after oral doses was
calculated as mean of the ratio AUC,,/AUC,

Lvo

for every
individual rat, and for 7p. doses was based on the mean of
AUC;,, divided by mean of AUC; for different groups.

Statistics

All the values are expressed as mean * standard deviation.
Statistical significance between the means of groups was
examined using ANOVA followed by the Duncan Multiple
Range test (p<<0.05).

RESULTS

The plasma concentration-time profiles of glucosamine
after 22, ip., and p.o. doses are shown in Figs.1 and 2. The
mean pharmacokinetic indices are presented in Table 1.
After 72 administration, glucosamine declined in a multi-
exponential fashion with a rapid initial distribution phase
followed by a slower elimination phase (Fig. 1). Absorp-
tion after Zp. and p.o. administrations was rapid as indicated
by the occurrence of mean peak plasma concentrations in
less than 13 min with both routes of administrations
(Table 1). There was no significant difference in the mean
AUC values following zz and zp. doses. Following p.o.
doses, however, glucosamine demonstrated a significantly
lower mean AUC as compared to zz and Zp. routes. The
absolute bioavailability for p.o. doses was only 0.19% 0.21.
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Figure 1: Mean glucosamine plasma concentration
versus time curves after single i.v. bolus (A) and i.p. (®)
administration of 350mg kg' glucosamine HCI to rats.
Concentrations below 1.23 Llg/mL were not used in the
calculation of pharmacokinetic parameters. Error bars
represent standard deviation of the mean (n=5 for i.v. and
6 for i.p.).
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Figure 2: Mean glucosamine plasma concentration
versus time curve after a single p.o. administration of
350mg.kg”! glucosamine HCI to rats. Concentrations
below 1.23 ug/mL were not used in the calculation of
pharmacokinetic parameters. Error bars represent
standard deviation of the mean (n=5).

Table 1: Pharmacokinetic indices of glucosamine after

administration of 350 mg.kg"! glucosamine HCI to the
rat.

Pharmacokinetic indices Route of administration

iv. ip. p. 0.

T o (Min) nd 12.5(2.7) 9.0 (4.18)
Conax (pg.mL™") nd 228 (41.8) 18.8 (15.9)*
AUC,, (ug.h.mL™") 147 (53.7) 184 (18.7) 15.0 (8.0))**
AUC,.; (ugh.mL™) 150 (54.3) 187 (17.4) 22.9 (21.7)%*
ti2 (h) 1.09 (0.98) 0.69 (0.50) 2.16 (1.65)
V (Lkg™) 5.7(2.8) nd nd
Vs (Lkg ™) 2.12(1.08) nd nd
CL(Lh'kg™) 2.61(0.81) nd nd

F 1.25 0.19 (0.21)

The values are the mean (SD), n = 5 for i.v. and p.o. and 6 for i.p.; nd, not determined;
*significantly different from i.p.; **significantly different from i.v. and p.o.

DiscussION

Although glucosamine is considered an endogenous
compound, we did not find detectable concentrations in
blank plasma of the rat. Following 7z administration,
glucosamine is rapidly distributed and eliminated from the
body. The multi-phasic appearance of the log-
concentration-time curve indicates a multi-compartment
model for the disposition of glucosamine. The observed
mean steady state volume of distribution of 2.12 L.kg ! is
rather large and indicates extensive distribution.
Glucosamine is rapidly eliminated so that, for most
samples, the plasma concentration falls below the
detectable level of 0.63 Hg.rnL‘1 by 6 h post-dose. In
addition to metabolic pathways, previous studies have
suggested that glucosamine is taken up by bone and is
incorporated  into  plasma  proteins  following
administration to the rat and dog (3).

An eatlier report (3) suggests a much longer terminal t1/2
for glucosamine in the rat. However, differentiation
between the unchanged drug and its metabolites was not
possible since radioabeled drug was administered in that
study. Nevertheless, the true terminal t1/2 of glucosamine
might have been longer than reported herein (Table 1) if
we had been able to follow the plasma drug concentration
for a longer period of time. Under our experimental
conditions we were unable to measure drug concentrations
beyond 6 h due to limitations in assay sensitivity. The
objectives of our study, i.e., determination of glucosamine
bioavailability and the possible site of first-pass
metabolism, however, were achieved.

After oral administration, glucosamine is rapidly absorbed
so that some samples taken five and ten minutes after
administration  contained  the  highest  observed
concentrations (Fig. 2). The p.o. doses, however, were only
21% bioavailable. This may be attributed to a low
gastrointestinal absorption and/or extensive first-pass
metabolism. For glucosamine, incomplete oral absorption
may be ruled out since at least 82% of the administered
radioactivity was found to be systemically available
following oral administration of radiolabeled glucosamine
to the rat (3). Hence, glucosamine is absorbed after oral
administration as either unchanged glucosamine or
breakdown products. Furthermore, hepatic first-pass
metabolism may not be a major component of the overall
clearance of glucosamine since zp. doses exhibit complete
bioavailability. Hepatic fist-pass metabolism is expected to
affect both p.o. and 7ip. doses. The most likely explanation
for the poor bioavailability of glucosamine, therefore, is a
substantial loss in the gastrointestinal tract.

Our observations have been made following single doses
of 350 mg.kg ! glucosamine hydrochloride. This dose may
be considered rather high as compared with other drugs.
However, the recommended dose of glucosamine for the
treatment of osteoarthritis is 3 g daily (2). In addition, for
pharmacokinetic studies, single oral doses of 6 g have been
administered to human volunteers (4).

CONCLUSION

Glucosamine is rapidly absorbed, highly distributed and
efficiently cleared. Since the low bioavailability of the drug
is evident only after oral administration, the gut rather than
liver is implicated for an apparent large first-pass effect.
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