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Abstract: Purpose: A high performance liquid chromato-
graphic method was developed for the determination of
glucosamine (GIcN) in rat plasma. Method: Internal stan-
dard, galactosamine, was added to 100 UL of plasma con-
taining GlcN followed by precipitation of plasma proteins
with acetonitrile. Evaporation of the decanted supernatant
solution was accelerated by the addition of methanol.
GlcN was derivatized by addition of a solution containing
1-naphthyl isothiocyanate. Sample cleanup included pas-
sage through an anion exchange cartridge. Analysis was
accomplished by injection of 0.1 mL of the sample solu-
tion into an isocratic HPLC system consisting of a C18
column, a mobile phase of acetonitrile: water: acetic acid:
triethylamine (4.5: 95.5:0.1:0.05), a flow rate of 0.9 mL/
min, and a UV detector set at 254 nm. Results: Galac-
tosamine and GIcN appeared 26 and 29 min post-injec-
tion, respectively. The assay was linear over the range of
1.25-400 pg/mL (CV<10%) with a detection limit of
0.63 Ug/mL and a limit of quantfication of 1.25 g/
mL. The method was applied to the determination of
GleN in rat plasma after oral administration of 350 mg/kg
of GleN hydrochloride. Conclusion: The present assay is
specific, sensitive, precise, and accurate and is suitable for
pharmacokinetic studies.

INTRODUCTION

Osteoarthritis is a degenerative disease of the joint carti-
lage resulting in a narrowing of the joint space and changes
in the underlying bone. It affects approximately 12% of
the population in the United States, and the incidence
increases with advancing age (1). The incidence is also
higher in women than men, with an approximate ratio of
two to one. Glucosamine (GIcN), an amino monosaccha-
ride, is a natural component of glycoprotein found in con-
nective tissue and gastrointestinal mucosal membranes. It
has recently received a great deal of public attention,
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prompting scientists to investigate its clinical usefulness
and possible adverse effects (1).

Literature methods have been reported in which GlcN was
analyzed in nutritional supplements (2), soils (3), and
plants (4). Assays for GIcN along with amino acids in bac-
terial cell walls, glycoconjugate, soya and chitin, after pre-
column derivatization, have also been described (5-7). In
animal- and human-derived biological samples radiola-
beled GlcN has been used for quantitative determination
of GIcN and metabolites in pharmacokinetic studies as
well as for determining GlcN content in formulations (8,
9). However, these investigations have been conducted
with radiolabeled drug and do not differentiate the parent
drug from its metabolites and/or degradation products. A
pre-column derivatization HPLC method has also been
reported for the assay of GlcN in raw material, nutraceuti-
cal preparations and dog plasma (10). We have been unable
to reproduce this assay due to formation of turbidity and
particulate matter in the sample preparation and the pres-
ence of interfering peaks in the HPLC chromatograms.

The present work describes a sensitive, precise and accu-
rate HPLC method that uses pre-column derivatization
and ion exchange purification for the quantification of
GlcN in rat plasma. This method was successfully applied
in a pharmacokinetic study in the rat.

EXPERIMENTAL

Materials and reagents

D (+) GIeN hydrochloride, D (+) galactosamine hydro-
chloride (internal standard) and 1-naphthyl isothiocyanate
(>95%) were purchased from Sigma Chemical Company
(St. Louis, MO, USA). Methanol and acetonitrile were
obtained from Caledon Laboratories Ltd. (Georgetown,
ON, Canada) while triethylamine and acetic acid were put-
chased from BDH Inc. (Toronto, ON, Canada). All chemi-
cals and solvents were of analytical or HPLC grade. The
divinylbenzene ammonium  ion

styrene quaternary

exchange cartridges (200 mg/4.0 mL; particle size 45 — 150
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W) used in sample preparation were obtained from
Alltech Associates Inc. (Deerfield, 1L, USA). All standard
solutions and mobile phases were prepared using double
distilled water.

Solutions and standards

A stock solution of GlcN was prepared by dissolving 21.0
mg of GlecN hydrochloride in 25 mL of water (800 pg/
mL based on free base). Appropriate amounts of the stock
solution were diluted with water to give solutions in the
range 1.25 - 400 pug/ml. These were subsequently used
to spike blank plasma for the preparation of plasma stan-
dards. The aqueous solutions and plasma standards were
freshly prepared prior to use.

Sample preparation and derivatization

Galactosamine (50 YL of a 20 Mg/mL solution) was
added to 0.1mL portions of blank rat plasma, which had
been spiked with GlcN standard solutions to obtain con-
centrations of 1.25 to 400 pg/ml.. Plasma proteins were
precipitated by adding 0.4 mL of acetonitrile followed by
vortex mixing (one min) and centrifugation (three min) at
10 000 g. The supernatant solution was decanted into a
clean test tube, mixed with 0.2 mL of methanol, and evap-
orated to dryness under vacuum. To the dried residue,
detivatizing reagent (0.2 mL of 88 mg/mlL 1-naphthyl
isothiocyanate dissolved in methanol-acetonitrile-triethy-
lamine, 1:1:0.3) was added and the reaction kept at room
temperature for 20 min. The reaction was quenched by
adding 0.4 mL of 1.5% acetic acid solution. The excess
derivatizing reagent and its degradation products were par-
titioned into an organic phase by addition of 1.0 mL of
chloroform, vortexing for one min, and centrifuging at
2500 g for one min. The upper aqueous layer was trans-
ferred to an anion exchange cartridge that had been pre-
conditioned by portion-wise washing with 10-15 mL of
water. The cartridge was then further washed with 0.5 mL
of methanol: water: 1.5% acetic acid (2:1:1) and 0.1 mL of
the eluted solution was injected onto the HPLC analytical

column.

The recovery of GlcN from rat plasma was established as
follows. Three concentrations of spiked plasma samples
were analyzed as described above, each in triplicate. A sec-
ond series of samples was analyzed simultaneously using
the same concentration of GlcN in water. Recoveries were
calculated by comparing the peak responses for spiked

plasma samples with those for samples of GlcN in water.
The percent recovery was determined as follows:

% Recovery = Peak response ratio (plasma standard) X 100 / Peak
response ratio (water standard)

The precision of the method was evaluated by analyzing
triplicate spiked plasma samples at concentrations of 1.25,
2.5, 5, 20, 100 and 400 pug/mL. Replicate plasma samples
(n=3) of six different concentrations wetre analyzed to
determine intra-day precision of the assay. Replicate
plasma samples (n=3) were analyzed on three different
days to determine inter-day precision of the assay. The
accuracy was expressed as the mean % [(mean measured
concentration)/(expected concentration)] X 100. The
results are shown in Table 1.

Table 1: Intra and inter-day precision (coefficient of
variation, CV) and accuracy for glucosamine in rat plasma
(n=3).

Prepared Measured

C.V. Accuracy
(%) (%)

(pe/ml) (pg/mL)

Intra-day

1.25 120 76

25 261 6.6

5 4381 9.9

20 19.95 9.8

100 97.20 78

400 390.35 6.7
Inter-day

1.25 1.20 8.0

25 2.56 97

95.6+6.1
1042459
962+94
99.8+9.7
972+78
976166

96263
1023 +88
958193
99.3+10.6
96.7+83
968+78

5 4.79 98
20 19.85 10.7
100 96.74 83
400 387.27 7.8

The stability of GlcN in rat plasma was investigated by
adding drug to blank plasma samples to give concentra-
tions of 2.5, 20 and 100 pg/ml. These were stored at -
20° and aliquots taken at 1 and 6 weeks for analysis.

Chromatographic system

The HPLC system consisted of a model M 45 HPLC
pump and model 712 WISP auto-sampler (Waters, Missis-
sauga, ON, Canada), a variable wavelength UV detector
model SPD-10A UV-VIS (Shimadzu, Japan), set at 254 nm
and 0.02 AUFS for detection, and a model 3390A integra-
tor (Hewlett Packard, USA) for integration.

Analysis was conducted on a 10 cm X 4.6 mm id. 5-Um
C,g analytical reverse-phase column (Chromatography Sci-
ences Co., St-Laurent, QC, Canada) with a Cg pre-column
insert (Waters, Mississauga, ON, Canada). The mobile
phase consisted of acetonitrile-water-acetic acid-triethy-
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lamine (4.5:95.5:0.1:0.05; pH 4.5), pumped at a flow rate of
0.9 mL./min. A column oven model 1122 / WTC-120
(Waters, Mississauga, ON, Canada) was used to maintain
the temperature at 41°.

Animal Study

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

One day prior to administration of GlcN, three adult male
Sprague-Dawley rats (280-300 g) were anesthetized by i.p.
injection of 65 mg/kg sodium pentobatbital. Silastic cathe-
ters (0.58 mm id. x 0.965 mm o.d.; Clay Adams, Parsip-
pany, NJ) were then surgically implanted into the right
jugular vein. The animals were allowed to recover over-
night, with free access to water, but were fasted for 12 h
ptior to drug administration. Single oral doses of 350 mg/
kg GlcN hydrochloride were then administered by gavage.
Blood samples (0.25 ml) were collected from the jugular
vein cannula, into heparinized tubes, at 0, 5, 10, 15, 30 min,
1, 1.5, 2, 4 and 6 h post-dose. Plasma was separated by
centrifugation at 10 000 g for 3 min and stored at -20°
until analyzed.

RESULTS AND DISCUSSION

GIcN, a polyhydroxylated primary amine with polar prop-
erties, is difficult to extract from plasma and does not have
adequate UV chromophore properties. Extraction and
detectability can be improved by appropriate derivatization
of the amino functional group. Derivatization using ethyl
chloroformate/naproxen, as previously applied in the
assay of 2-aryl propionic acids (11, 12), did not give satis-
factory results. Pre-column derivatization of amines with
9-fluorenylmethyl chloroformate has been used for the
HPLC determination of polyamines (14). Application of
this method, using alkaline conditions (borate buffer 0.02
M, pH 9.6), permitted quantitative determination of GIcN
in standard aqueous solutions. However, the method was
not suitable for rat plasma due to interference from simi-
larly derivatized endogenous amines. Fluorenylmethyl
chloroformate derivatives of amino acids, under alkaline or
neutral conditions, are anionic due to the presence of an
underivatized carboxylic acid group. Under these condi-
tions, the amino acids should remain in the aqueous layer,
permitting organic solvent extraction of the derivatized
GlcN. While the chromatograms were considerably
cleaner, interfering peaks were still evident. Several extrac-

tion solvent mixtures (e.g. various composition ratios of
hexane/ethyl acetate or chloroform/ethyl acetate) were
evaluated for their ability to extract the GlcN derivative
with no significant improvements.

Reaction of GlcN with naphthyl isothiocyanate, using a
standard aqueous solution, produced a derivative that
exhibited favorable UV absorbing properties. This method
was subsequently applied to the determination of GlcN in
dosage forms (13). In plasma, however, endogenous
amino acids and amines also react with naphthyl isothiocy-
anate resulting in significant background interference in
the chromatograms. The addition of excess K,COj5 to ‘salt
out’ the interfering endogenous components was success-
ful but also resulted in the removal of GIcN.

Ion-exchange cartridges were introduced into the analyti-
cal method in order to take advantage of the anionic char-
acter of derivatized endogenous amino acids. Plasma
samples were prepared and derivatized with fluorenylme-
thyl chloroformate as described above with naphthyl
isothiocyanate. While this procedure was satisfactory,
derivatization with naphthyl isothiocyanate gave much
improved chromatograms that were found suitable for the
quantification of GlcN in rat plasma.

The naphthyl isothiocyanate derivatization reaction was
sensitive to water and several approaches were undertaken
to minimize its presence. Protein precipitation, followed
by the addition of methanol to the plasma sample, facili-
tated the vacuum-assisted removal of water. The solvent
and concentration of the derivatizing reagent solution
were also optimized. A freshly prepared solution of 700
mg of 1-naphthyl isothiocyanate in 8 mL of a mixture of
methanol-acetonitrile-triethylamine (3.5:3.5:1) was found
to be suitable. Under these conditions the rate of forma-
tion of the GIcN derivative was rapid and the reaction
complete in 20 min. Excess derivatizing reagent was
hydrolyzed by addition of 1.5% acetic acid. The derivatiza-
tion reaction is shown in Figure 1.

As depicted in the chromatogram of a spiked plasma sam-
ple (Figure 2), the endogenous components of rat plasma
eluted before and after the derivatized galactosamine and
GlcN peaks appearing at 26 and 29 min respectively. The
limit of quantification of GlcN in rat plasma was 1.25
Ug/mL using 0.1 mL of sample. The intra-day assay
(n=3) relative standard deviation at this concentration was
7.6 (Table 1). The detection limit, defined by a signal-to-
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noise ratio of 3:1, was 0.63 pg/ml. The correlation
between drug/internal standard peak area ratio (y) versus
concentration of GlcN (X) was linear over the range 1.25
to 400 pg/ml. (r* _ 0.99) with a typical equation of Y =
0.2219 X— 0.015. The accuracy of the assay was >95%,
with a CV not exceeding 11%.

CH,OH
Q
N=C=S OH OH

CH,OH

Q triethylamine HO NH

¥ OH OH MeOH
¢ HN—C=S
HO

NH,

Figure 1: Derivatization of GIcN with 1-naphthyl
isothiocyanate.

The stability tests indicated that GIcN is stable in rat
plasma for more than one month and the GlcN derivative
is sufficiently stable to permit overnight automatic sample
injection onto the HPLC system.

The absolute recovery of the assay was 48 +3 %. How-
ever, a preliminary study indicated that GlcN extraction
can be further improved by introduction of the plasma
samples into a pre-conditioned anion exchange cartridge,
before derivatization, followed by washing the cartridge
with methanol-water (1:1). The eluted solution was evapo-
rated to dryness under vacuum and the residue derivatized
as previously described.

Daily doses of GleN as high as 3 g/day are recommended
for the treatment of osteoarthritis in humans (15) and
pharmacokinetic studies have used single oral doses as
high as 6 g (5-6). As a consequence, we studied plasma
GlcN concentrations in rat plasma following oral adminis-
tration of 350 mg/kg of GlcN hydrochloride. The assay
was suitable for these studies (Figure 3) but individual
samples taken 4 and 6 h post-dose contained GlcN con-
centrations at or below the assay sensitivity. In these cases
larger volumes of plasma were required.

CONCLUSION

A specific HPLC method for the determination of GlcN
in rat plasma was developed using pre-column derivatiza-
tion with naphthyl isothiocyanate, and UV detection. The
limit of quantification was 1.25 Ug/ml., which was suffi-
cient for pharmacokinetic studies following administration
of oral doses of 350 mg/kg to the rat.

= 1

10 20 30 40

Minutes
Figure 2: Representative chromatograms of the 1-
naphthyl isothiocyanate derivative of GlcN in rat plasma:
(a) blank plasma (b), plasma spiked with 20 ug/mil of
GlcN and (c), plasma sample 90 min after oral dosing of
the rat with 350 mg/kg of GIcN hydrochloride. Peaks: 1,
internal standard; 2, GlcN.

0
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Figure 3: Mean (+ SD) plasma concentration versus time
profile of GIcN in rat plasma following oral
administration of 350 mg/kg of GIcN hydrochloride
(n=3).
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