
Selenium speciation in human urine samples by LC- and CE-

ICP-MS—separation and identification of selenosugars

Bente Gammelgaard* and Lars Bendahl

Department of Analytical Chemistry, The Danish University of Pharmaceutical Sciences,

Universitetsparken 2, DK-2100 Copenhagen, Denmark. E-mail: bg@dfh.dk;

Fax: 145 3530 6010

Received 3rd July 2003, Accepted 3rd September 2003

First published as an Advance Article on the web 26th September 2003

Human urine samples were analysed by a reversed-phase chromatographic system and an ion-pair

chromatographic system. The chromatographic system was connected to the ICP-MS either by a

microconcentric nebulizer (MCN) in combination with a cyclonic spraychamber or by a modified direct

injection nebulizer (MDIN). The sensitivity of the latter was better than the sensitivity of the MCN, which on

the other hand was more robust for the analysis of samples with high concentrations of dissolved solids. Urine

sample composition did not seem to change when urine was exposed to evaporation under nitrogen at ambient

temperature and methanol extraction. A pre-concentration factor of 10 was achieved with this procedure. On

occasions when a pre-concentration factor of 100 was obtained by lyophilsation and methanol extraction, at

least 10 selenium compounds were separated in the urine sample. Urine samples were collected from two

healthy volunteers who had been supplied with 1000 mg and 2000 mg of selenium, respectively, in the form of

selenized yeast. When samples were spiked with 8 different standards, only two standards co-eluted with

compounds in urine in both chromatographic systems: the major urinary metabolite Se-methyl-N-

acetylgalactosamine and Se-methyl-N-acetylglucosamine. The presence of Se-methyl-N-acetylglucosamine in

urine was verified by co-migration with the standard in capillary electrophoresis after fractionation by

preparative reversed-phase chromatography. Se-methyl-N-acetylglucosamine is only a minor metabolite as its

concentration was less than 2% of the concentration of Se-methyl-N-acetylgalactosamine. The presence of this

metabolite in urine has, to our knowledge, not been suggested before. Trimethylselenonium, selenomethionine,

Se-methylselenocysteine, Se-methylselenomethionine and selenocystamine were not detected in these samples.

Introduction

The essential trace mineral selenium is indispensable for the
functioning of the human body. Selenium exerts its effects via
the selenoproteins that often participate in anti-oxidative or
catalytic processes. A review on selenium-containing natural
products, including selenoproteins, has recently been given.1

According to this, 18 mammalian selenoproteins have now
been defined by sequence.
Selenium deficiency causes various adverse health effects2

and in recent years the element has gained increasing interest
owing to its possible cancer protective effects.3 Results of
experiments on the cancer protective effect of monomethylated
selenium compounds such as selenobetaine, Se-methylseleno-
cysteine and methylseleninic acid suggest that formation of a
monomethylated selenium metabolite is important for cancer
chemoprevention.4–6

Selenium metabolism

The most often presented model on the metabolism of selenium
is primarily based on experiments on rats after administration
of large doses of selenium.7,8 According to this model, seleno-
methionine is either incorporated unspecifically into proteins in
competition with methionine or is transformed via selenocys-
teine to selenide, from which it enters the selenoproteins after
synthesis to selenocysteine. Excess selenium is excreted via
methylation to monomethyl selenol, dimethylselenide, which is
exhaled via the breath, and to trimethylselenonium which is
excreted in urine. This pathway is shown in Fig. 1 as the
pathway for toxic levels.
The metabolism of inorganic selenium in sub-toxic doses in

rats has been thoroughly described by Suzuki and co-workers

on the basis of administration of 82Se-enriched selenite and
selenate and subsequent determination of the 82Se level in organs
and body fluids by size exclusion chromatography and ICP-MS
detection.9 Intravenously injected selenite was selectively taken
up by the red blood cells (RBC)10 and reduced by glutathion
(GSH) to selenide. Selenide was transported to the liver, where it
was incorporated into selenoprotein P, re-excreted to the
bloodstream and transferred to the kidneys, where it was
degraded and used for synthesis of extra-cellular glutathion
peroxidase.9 Contrary to selenite, selenate was not taken up by
RBCs but was retained in the bloodstream until it entered the
liver or was excreted directly in urine. The metabolic products of
selenite and selenate were not distinguishable.11 The selenium in

Fig. 1 Model of selenium metabolism modified from the original
model by Ip5 and supplemented with the latest results of the work from
the group of Suzuki.13 GS-: Glutathion conjugate.
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liver was distributed between two compounds, the major
urinary metabolite Se-methyl-N-acetylgalactosamine12 and a
compound in which the methyl group on selenium was
exchanged with glutathione. It was suggested that this
compound was a precursor of the major urinary metabolite.13

This pathway is shown in Fig. 1 as the pathway for non-toxic
doses. The metabolism of selenium in humans is presumed to
follow the same ways.

Identification of selenium compounds in human urine

Only few data on human selenium metabolites are available.
With the introduction of ICP-MS, speciation in human urine
was made possible owing to the high sensitivity of this
technique. An overview of the metabolites identified in
human urine by on-line separation-ICP-MS detection is
shown in Table 1.
In most of the studies, the identities of the selenium

compounds were suggested on the basis of co-elution with
standards. However, recently some metabolites have been
identified by electrospray ionisation mass spectrometry (ESI-
MS). Selenomethionine and selenocystamine were identified by
tandem mass spectrometry in urine from an adult male who
had been supplemented with a single dose of 400 mg of
selenomethionine. The multiple reaction monitoring mode, in
which one or more transitions of precursor to product ions are
monitored in tandem, was used for the identification.24 The
major metabolite in human urine was identified by atmospheric
pressure chemical ionisation mass spectrometry (APCI-MS) in
a human urine pool obtained from 6 male volunteers
supplemented with 200 mg of selenium-enriched yeast a day
for 1 week. This metabolite was Se-methyl-N-acetylgalactos-
amine25—the same metabolite as the one previously obtained
from rats after supplementation with selenite.12

Apart from the selenium compounds listed in Table 1, the
presence of selenocholine and selenourea in urine has been
cited in reviews. However, going into the original references, it
appears that standards of these species may have been
separated in a urine matrix, but they were not identified in
the original urine samples.26

Sample preparation

In the most efficient separation systems, more than 5 differ-
ent selenium compounds were separated in human
urine.15,16,18,19,24,25 Hence, several metabolites in human urine

still remain to be identified. Supplementation with selenium,
however, does not increase the concentrations of these
compounds in appreciable amounts compared with the
major metabolite. Hence, identification of these compounds
by ESI-MS demands intensive pre-concentration procedures as
the sensitivity of ESI-MS in the full scan mode is about two
orders of magnitude poorer than the sensitivity for ICP-
MS. However, if the identity of an unknown compound was
indicated by co-elution with a standard in LC-ICP-MS, the
ESI-MS instrument could be optimised on the expected m/z
value and this would increase the sensitivity appreciably.
Most of the identifications represented in Table 1 were

performed on untreated samples that were only diluted and or
filtrated.14–16,20–22,27,28 Others used solid-phase extraction on
C18 cartridges to remove uncharged organic compounds,17 but
also more aggressive procedures as crown ether extraction has
been applied to remove potassium and sodium from the
samples.19

Pre-concentration prior to MS-identification includes lyo-
philisation followed by chromatographic fractionation,24

incubation with urease at 45 uC followed by evaporation and
extraction with cold methanol, prior to chromatographic
fractionation,12 and solid phase extraction, followed by
chromatographic fractionation on reversed phase and size
exclusion columns.25 In a previous study we observed that the
major metabolite decomposed into another compound within
24 h at ambient temperature,18 hence it is crucial for
identification studies that the analytical procedures preserve
the original selenium compounds.
The aim of this study was to develop analytical procedures

for separation of selenium compounds in human urine and to
investigate if the sample preparation procedures usually
applied for pre-concentration of samples change the sample
composition. A secondary aim was to identify the compounds
in urine by co-elution with available standards with the future
aim of identifying new compounds by ESI- or APCI-MS.

Experimental

Apparatus

Chromatography. The HPLC system was a G1376A capil-
lary pump, a G1313A autosampler and a G1379A de-gasser
controlled by ChemStation software, all from the Agilent 1100
series (Agilent Technologies, Waldbron, Germany).
The flow rate was 200 ml min21 and the sample injection

volume was 12 ml when 2 mm id columns were used. When
1 mm id columns were used the flow rate was 50 ml min21 and
the sample injection volume was 3 ml.
Reversed phase chromatography. The columns were two

Luna C18(2), 100 mm 6 2 mm id, 3 mm particle size, in series
(Phenomenex, Aschaltenburg, Germany). The eluent was
200 mM ammonium acetate 1 5% methanol.
Ion-pair chromatography. The column was a Luna C8(2),

100 mm6 2 mm id, or a 100 mm6 1 mm id, 3 mm particle size
(Phenomenex). The eluent was 0.2% heptafluorobutanoic acid
(HFBA) 1 20% or 30% methanol.
The chromatographic system was coupled to the ICP-MS

system via 175 mm id PEEK tubing (Upchurch Scientific, Oak
Harbor, WA, USA).

Capillary electrophoresis. The CE-instrument was a Waters
Quanta 4000 (Milford, MA, USA) operated with open door
and blocked door interlock. Run voltage, 120 kV; hydrostatic
injection at 9.82 mbar for 10 s. 363 mm od fused silica capillaries
coated externally with poly(imide) (Poly Micro Technologies,
Phoenix, AZ, USA), 75 cm 6 75 mm id, were used for the
separations.
Buffer: 25 mM borate diluted from ‘‘buffer pH 9.3 for

Table 1 Selenium compounds identified in human urine by on-line
separation-ICP-MS detection

Selenium compound Analytical techniquea Reference

Trimethylselenonium IPC-ICP-MS 14–16
RPC-ICP-MS 16–18
CEC-ICP-MS 19,20

Selenite IPC-ICP-MS 14
RPC-ICP-MS 21
AEC-ICP-MS 22
AEC-HG-N2-MIP-MS 23

Selenomethionine CEC-ICP-MS, CE-ICP-MS 19
RPC-ICP-MS,
tandem MS/MS

24

IPC-ICP-MS 18

Selenocystamine RPC-ICP-MS,
tandem MS/MS

24

Se-methyl-N-
acetylgalactosamine

RPC-ICP-MS, MS/MS 25

a IPC: Ion-pair chromatography; RPC: reversed-phase chromatogra-
phy; CEC: cation exchange chromatography; AEC: anion exchange
chromatography; MS: mass spectrometry; HG: hydride generation;
MIP: microwave induced plasma.
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HPCE’’ (Agilent Technologies); sheath liquid: 5% acetic acid in
0.67% nitric acid, flow rate 10 ml min21.
The ICP-MS was a PE SCIEX ELAN 6000 (PerkinElmer,

Norwalk, CT, USA equipped with a MicroMist AR30-1-F02
glass concentric nebulizer and a cyclonic spray chamber (Glass
Expansion, Romainmotier, Switzerland). The spray chamber
was cooled to 24 uC when the eluent contained more than 5%
methanol. A direct injection nebulizer that has previously been
described29 was used for interfacing CE and 1 mm id columns.
Sampler and skimmer cones were of platinum. The plasma

and auxiliary argon flow rates were 14 and 1.2 L min21,
respectively. The nebulization argon gas flow rate was
1.025 L min21 for the microconcentric nebulizer and
0.2 L min21 for the direct injection nebulizer. The rf power
was 1300 W (CE) and 1425 W.
The data acquisition parameters were: dwell time, 300 ms;

sweeps per reading, 1; readings per replicate, 750/1500 (CE).
The 77Se, 78Se and 82Se isotopes were monitored. To achieve

maximum sensitivity, the instrument was optimised with
respect to the nebulizer gas flow rate, ion lens voltage and rf
power when aspirating each eluent spiked with selenite.
Peak heights and peak areas were calculated by Turbochrom

(PerkinElmer).

Reagents. All reagents were of analytical-reagent grade.
Purified water, obtained from a Milli-Q de-ionisation unit
(Millipore, Bedford, MA, USA) was used throughout.
Stock standard solutions of 10 mg Se L21 were prepared in

water from selenomethionine (Sigma), Se-methylselenocysteine
(Sigma), selenocystamine (Sigma), selenoethionine (Sigma),
trimethylselenonium iodide (synthesized according to ref. 30),
Se-methylselenomethionine (synthesized according to ref. 31),
Se-methyl-N-acetylglucosamine (synthesized in a modified
version according to ref. 12) and Se-methyl-N-acetylgalacto-
samine (synthesized at the Department of Medical Chemistry,
The Danish University of Pharmaceutical Sciences). The stock
standard solutions were standardized against a 1.001 g Se L21

PE pure atomic spectroscopy standard (PerkinElmer). Work-
ing standards were prepared daily in water.

Urine samples. Urine samples were collected from two
volunteers who had been supplemented with a single dose of
1000 mg and 2000 mg, respectively, of selenium in the form of
selenized yeast (SelenoPrecise, Pharma Nord, Vejle, Denmark).
Urine samples collected between 3 and 6 h after supplementa-
tion were used for analysis. Urine samples were analysed on the
day of collection and within a week from the collection time.
The samples were stored at 218 uC until analysis.

Sample preparation of urine. Samples were analysed undi-
luted as well as after different pre-concentration procedures.
A: 1000 ml of urine was evaporated in a stream of nitrogen at

ambient temperature and reconstituted in 100 ml of eluent.
B: 1000 ml of urine was evaporated in a stream of nitrogen at

ambient temperature and extracted with 1000 ml of methanol in
an ultrasonic bath for 5 min. The extract was centrifuged at
14 000 rpm for 5 min and the supernatant evaporated to
dryness at ambient temperature and reconstituted in 100 ml of
eluent.
The sediment from the centrifugation was reconstituted in

100 ml of eluent and analysed.
C: 100 ml of urine was lyophilised and extracted with 10 ml

of methanol by sonication for 5 min. The extract was
centrifuged 5300 rpm for 5 min and the supernatant was
evaporated to dryness in a stream of nitrogen at ambient
temperature and reconstituted in 1 ml of eluent.
Urine samples analysed in the HFBA system were adjusted

to pH 2 by addition of concentrated HFBA.
Turbid samples were filtered through a 0.45 mm cellulose

membrane (Cromacol Ltd., Trumbull, CT, USA) prior to
analysis.

Sample preparation for CE. A 10 ml urine sample was
evaporated to dryness in a stream of nitrogen and reconstituted
in 1 ml of water. The sample was injected on a Luna C18(2)
100 Å, 250 6 15 mm id column (Phenomenex) in an eluent
containing 200 mM ammonium acetate in 5% methanol with a
flow rate of 10 ml min21 and collected in 5 ml fractions. The
fractionation was monitored by ICP-MS via a passive 1 : 50
split of the column effluent. The fractions containing Se-
methyl-N-acetylglucosamine were pooled, lyophilised, recon-
stituted in 0.5 ml water, lyophilised to remove excess
ammonium acetate and reconstituted in 50 ml water.

Results and dicussion

Two different interfaces were compared: a modified direct
injection nebulizer (MDIN) and a microconcentric nebulizer
(MCN) in combination with a cyclonic spraychamber. The
MDIN was used in combination with chromatographic
columns with inner diameters of 1 mm and a flow rate of
50 ml min21. The MCN has an optimum flow rate at
200 ml min21 and was used in combination with chromato-
graphic columns with inner diameters of 2 mm.
The 77Se, 78Se and 82Se isotopes were monitored simulta-

neously. The S/N ratio for 78Se was about half the value of the
S/N ratio for 77Se and 82Se when using the MCN, so 82Se
was chosen for this system. Using the MDIN, the S/N ratio was
better for 78Se than for 77Se and 82Se and this isotope was
chosen for the direct injection system.

Chromatographic systems—selenium standards

Two different chromatographic systems were used: a reversed
phase system based on 200 mM ammonium acetate 1 5%
methanol and an ion-pair system based on 0.2% HFBA 1 20%
(or 30%) methanol. The concentration of ammonium acetate in
the reversed phase system was optimised regarding resolution
and peak shapes. Increasing the concentration to the relatively
high concentration of 200 mM improved the peak shapes of
some of the standards, resulting in almost symmetrical and well
separated peaks.
Chromatograms of selections of the 8 aqueous selenium

standards trimethylselenonium (TMSe), Se-methylselenocys-
teine (MeSeCys), Se-methylselenomethionine (MeSeMet),
selenocystamine (SeCA), selenomethionine (SeMet), Se-methyl-
N-acetylgalactosamine (SeGal), Se-methyl-N-acetylglucosamine
(SeGlu) and selenoethionine (SeEt), each in a concentration of
10 mg L21, in the different chromatographic systems coupled
via the different interfaces, are shown in Fig. 2. It appears that
the signal to noise ratio of the MDIN was superior to the MCN
in combination with the cyclonic spraychamber. Furthermore,
the monitoring of 78Se with the more favourable signal to noise
ratio using the direct injection nebulizer further improved the
sensitivity as the abundance of this isotope is 23.8% compared
with 8.7% for 82Se. The detection limits calculated as the
concentration that would give a signal equivalent to 3 times the
peak-to-peak noise at the baseline in each system are given in
Table 2. These detection limits were calculated for different
nebulizers in combination with columns with different inner
diameters operated at different flow rates. Hence, the detec-
tion limits represent the total chromatographic system includ-
ing the interface. These detection limits are in accordance
with previously reported values, the majority being below
2 mg L21.14–18,20–23,27,28

When large numbers of concentrated urine samples were
analysed, the micro-bore column used in combination with the
MDIN quickly deteriorated and the tip of the nebulizer often
clogged due to salt crystals. Hence, the MCN in combination
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with the 2 mm inner diameter columns was chosen for some
applications in defiance of its lower sensitivity, as it was more
robust for analysis of large numbers of concentrated urine
samples.
None of the chromatographic systems were capable of

separating all the available standards in a reasonable time.
Only in the reversed phase system were the selenosugars SeGal

and SeGlu separated satisfactorily. However, in this system
TMSe, and other charged compounds, were not retained. The
HFBA system retained TMSe, while the uncharged seleno-
sugars were only weakly retained and hardly separated. In the
HFBA system containing 20% methanol, the retention times of
SeCA and SeEt were 22 min and 33 min, respectively, and
resulted in intensive peak broadening. Hence, 30% methanol
was used when these compounds were analysed.
Some of the standards were chosen as they have previously

been identified in the human urine samples: TMSe, SeCA,
SeMet and SeGal (Table 1). SeGlu was chosen as in our
previous experiments with fractionation and pre-concentration
of urine for APCI-MS identification of SeGal, a compound
which co-eluted with SeGlu appeared. Hence, it would be
interesting if this compound could be identified in urine. SeEt
was included as a possible internal standard.

Urine samples—sample preparation

Chromatograms of an undiluted fresh urine sample super-
imposed with the same sample after spiking with selected
standards in the reversed phase chromatographic systems are
shown in Fig. 3A. The same sample analysed after evaporation
under nitrogen, followed by reconstitution in eluent (procedure
A) is shown in Fig. 3B. The sample was concentrated 10 times
with this procedure and some of the compounds from the
untreated sample became more visible, but no additional
peaks were observed, which would indicate that the com-
pounds in the sample had changed. By extracting the
evaporated sample with methanol followed by centrifugation,
evaporation of methanol, and reconstitution in eluent (proce-
dure B), the same number of compounds were observed,
Fig. 3C. No difference in the resolution was observed: the
chromatograms in Fig. 3B and 3C were almost identical. Thus,
methanol extraction did not change the sample. This additional
procedure diminished the salt concentration in the sample,
which could be beneficial prior to CE-analysis, which is very
difficult in samples with high salt contents. Also a small
improvement in sensitivity was obtained near the void volume
in the chromatogram.
Fig. 3D shows an analysis of the sediment from the

centrifugation in the methanol extractions. It appears that
the majority of the selenium was extracted with methanol: the
total loss of SeGal in the extraction was less than 5%.
Fig. 3E shows a volume of 100 ml of the same urine that was

lyophilised, methanol extracted and reconstituted in 1 ml of
eluent, corresponding to a concentration factor of 100. It
appears that about 10 selenium compounds were more or less
separated. Spiking with standards only showed co-elution with
SeGal and SeGlu and the chromatography was poor as this
sample contained approximately 50% dissolved solids. Hence,
pre-concentration in this scale is only suitable and necessary for
fractionation of samples by preparative chromatography prior
to MS identification. However, the shapes of the chromato-
grams from the different pre-concentration procedures look
very similar, which indicates that the selenium compounds in
the original undiluted sample were not changed noticeably by
the gentle procedures of evaporation under nitrogen at ambient
temperature, lyophilisation, or methanol extraction. Hence,
these procedures could be used for pre-concentration of
samples prior to identification.

Identification of selenium compounds in urine

When urine samples were spiked with selected standards in the
reversed phase system, co-elution with SeGal and SeGlu was
observed. SeMet and SeEt did not co-elute with compounds in
these urine samples, while TMSe and MeSeCys eluted close to
the void volume where the resolution is poor, hence it is
questionable if these standards co-eluted with compounds in

Fig. 2 Chromatograms of aqueous standards in concentrations of
10 mg Se L21 each. A, Reversed-phase chromatography, eluent 200 mM
ammonium acetate 1 5% methanol, nebulizer MCN. B, Ion-pair
chromatography, eluent 0.2% HFBA 1 30% methanol, nebulizer
MCN. C, Ion-pair chromatography, eluent 0.2% HFBA 1 20%
methanol, nebulizer MDIN.

Table 2 Limits of detection calculated as the concentration that
would give a signal equivalent to three times the peak-to-peak noise at
the base line

LOD/mg Se L21

Ammonium
acetate
MCNa

HFBA–20%
methanol
MDINb

HFBA–30%
methanol
MCNa

TMSe 0.9 0.5 0.8
SeCA 2.9 1.2
SeMet 1.1 1.0 1.0
SeEt 1.7 1.7
MeSeMet 1.2 1.2
MeSeCys 1.1 0.5 1.0
SeGal 1.3 0.3 1.0
SeGlu 1.8 0.3 1.0
a 2 mm id column, flow rate 200 ml min21. b 1 mm id column, flow
rate 50 ml min21.
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the urine, Fig. 3A. This picture was even more clear in the
methanol extract in Fig. 3C, except that a compound in the
extract now seemed to co-elute with SeEt.
When the samples were analysed in the ion-pair system, the

absence of TMSe andMeSeCys was confirmed in the undiluted
as well as the methanol extracted sample. This is shown in
Fig. 4A and 4B. Thus, only SeGal and SeGlu co-eluted with
compounds in urine in both systems.
One unidentified compound with a retention time of

4 min was observed in the reversed phase system. The reten-
tion times of aqueous standards were almost identical to
the retention times in spiked urine samples. The urine sample
in Fig. 3A and B was spiked with SeCA, but no increase in
peak size was observed at the retention time of SeCA. It was
later observed that adding SeCA to urine samples prior to
analysis in the reversed phase system resulted in an indefinable
peak.
To examine if SeEt or SeCA were present in urine, the

undiluted urine sample, as well as the methanol extract,

was analysed in an ion-pair system containing 30% meth-

anol, which was capable of separating aqueous standards

of these compounds, Fig. 2B. No co-elution was observed

with urine compounds in this system (data not shown).

Hence, the presence of SeEt and SeCA in this sample was

excluded.

CE separation of SeGal and SeGlu

As the selenosugars were only separated in the reversed
phase system, a CE system was developed to verify the pre-
sence of SeGlu in urine. The separation was based on the
fact that sugars form charged complexes with borate. The
sample was pre-concentrated 10 times by evaporation in
a stream of nitrogen and applied to a preparative reversed
phase column. A chromatogram of the separation is shown
in Fig. 5A, superimposed with a chromatogram of aqueous
SeGal and SeGlu standards. The fractions in the shaded
area were collected and further concentrated; the final
concentration factor was 200. Separation of the seleno-
sugar standards in concentrations of 1 mg Se L21 is shown
in Fig. 5B; it appears that well shaped, narrow peaks and
baseline separation were achieved. The electropherogram of
the concentrated sample is shown in Fig. 5C. Owing to
insufficient removal of ammonium acetate in the sample, this
peak is broader than the peaks of the aqueous standards,
resulting in some sensitivity suppression. The electrophero-
gram in Fig. 5D shows the sample after addition of the
selenosugar standards. It appears that the seleno-compound in
the sample co-migrated with SeGlu. As the selenium compound
co-eluted and co-migrated, respectively, with SeGlu in two
orthogonal systems, it seems probable that SeGlu is present in
the sample.

Fig. 3 Chromatograms of urine samples after different sample pre-concentration procedures. Reversed phase chromatography: eluent
200 mM ammonium acetate 1 5% methanol, nebulizer MCN. A: Undiluted urine sample, black line; sample spiked with standards in
concentrations of 20 mg Se L21 each, grey line. B: Evaporated urine sample (pre-concentrated 10 times), black line; sample spiked with standards in
concentrations of 100 mg Se L21 each, grey line. C: Methanol extracted urine sample (pre-concentrated 10 times), black line; sample spiked with
standards in concentrations of 100 mg Se L21 each, grey line. D: Extraction sediment, black line; sediment spiked with standards in concentrations of
100 mg Se L21 each, grey line. E: Lyophilised urine sample (pre-concentrated 100 times).
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The presence of SeGlu in urine has, to our knowledge, not
been reported before. This could be due to the lack of
commercially available standards or due to the very low
concentration of this compound in urine. SeGlu is only a minor
metabolite: the concentration in this sample was less than 2% of
the SeGal concentration and the metabolite was only
detectable after consumption of relatively large amounts of
selenium.

Stability of compounds

Two problems arise with sample preparation for the identifica-
tion of selenium compounds in urine: the original compounds
may be lost during sample preparation or they may be
transformed into new compounds that may erroneously be
identified as original compounds.
From our previous experiments it was known that SeGal was

partly decomposed in 0.1% HFBA within 24 h, probably owing
to the acidic pH adjustment of the samples with the purpose of
converting amino groups in selenium compounds to cationic
species prior to analysis in the anionic ion-pair medium.18

Hence, this chromatographic system is not suitable for long
series of analyses as the samples decompose in the autosampler.
Also decomposition of untreated urine samples was observed in
this study. Fig. 6 shows chromatograms of a urine sample kept
at ambient temperature for 3 d. It appears from both
chromatograms that new unidentified selenium containing
compounds with a retention time of about 6.5 min in the
reversed phase system, Fig. 6A, and 11 min in the ion-pair
system, Fig. 6B, were formed from degradation of SeGal.
When standards were added to urine and analysed in the

reversed phase system both immediately and after 3 days it
appeared that TMSe, MeSeCys, MeSeMet and SeEt were
stable in urine samples for this time span at ambient
temperature. It was rather surprising that MeSeMet was
stable in urine as this compound is very unstable in aqueous
solution. The concentrations of SeGal, SeGlu and SeMet were
more or less halved. SeCA showed an indefinable peak from the
beginning. These findings are in accordance with findings by
others. Loss of SeMet in urine stored at 25 uC, together with
appearance of new unidentified compounds, have been
reported.32,33 Also, immediate decomposition of SeCA after
its addition to urine has been reported.15

To determine whether the selenium compounds would be
recovered from the method of freeze drying combined with
methanol extraction in preparation for identification with MS,
urine samples were spiked with selected standards and
extracted. TMSe, SeMet, SeGal and SeGlu were all extracted
into methanol. SeCA was also added to the sample but the peak
with a retention time of 4 min that co-eluted with SeCA

Fig. 4 Chromatograms of urine samples. Ion-pair chromatography,
eluent 0.2% HFBA 1 20% methanol, nebulizer MDIN. A: Undiluted
urine sample, black line; sample spiked with standards in concentra-
tions of 50 mg Se L21 each, grey line. B: Methanol extracted urine
sample, black line; sample spiked with standards in concentrations of
100 mg Se L21 each, grey line.

Fig. 5 Identification of SeGlu. A: Preparative chromatography of pre-concentrated sample, black line; superimposed with 100 mg Se L21 standard
addition of SeGal and SeGlu, grey line; fractions collected, shaded area. B. Electropherogram of SeGal and SeGlu standards in concentrations of
1 mg Se L21. C: Electropherogram of collected fractions from A. D: Collected fractions spiked with 1 mg Se L21 SeGal and SeGlu.
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(Figs. 2A and 3A) did not increase. Hence, the unidentified
compound was extracted and SeCA was not.
These results show that the identities of the compounds have

to be known before the stability can be examined. Regarding
quantitative determinations, further stability studies and
recovery experiments at different storage temperatures
should be performed on the relevant standards. These are
initiated in our laboratory.

Application on 77Se enriched urine samples

The reversed phase system was applied to a few urine samples
from people who had received a single dose of 327 mg of 77Se in
the form of 77Se-labelled yeast after supplementation with
300 mg of selenium per day as selenized yeast for six weeks.
A chromatogram of urine samples from the day before
and from the day of 77Se consumption is shown in Fig. 7A.
The full-sized SeGal peak corresponded to 400 000 cps.
Comparing the 77Se traces before and after 77Se consumption
shows that the concentration of most of the selenium species
increased within the 24 h. This suggests that the metabolites in
urine are formed very quickly and a large part of it is
immediately excreted, predominantly as SeGal. This also shows
the advantage of using enriched isotopes as the sensitivity is
increased compared with monitoring selenium isotopes in
samples with the natural abundance distribution. Fig. 7B
shows a spiked urine sample from another person in the same
study.34 It appears that also this sample shows co-elution with
SeGlu.
In conclusion, various separation systems can be combined

to identify selenium compounds in urine as one system rarely
has the resolving power to separate all compounds. Evapora-
tion of urine samples at ambient temperature, lyophilisation
and methanol extraction do not change urine samples and can
be used to pre-concentrate samples for identification. Two
metabolites were identified in the urine samples, the major
metabolite Se-methyl-N-acetylgalactosamin and a novel meta-
bolite attributed to Se-methyl-N-acetylglucosamine by ortho-
gonal separation techniques.
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