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Homocysteine and Other Thiols in Plasma and Urine: Automated Determination and
Sample Stability

Torunn Fiskerstrand,t Helga Refsum,t·2 Gry Kvalheim,l and Per Magne Ueiandl

We have developed a modified version of our fUlly auto­
mated column-switching HPLC method for determining
total plasma homocysteine based on single-column (re­
versed-phase) separation. Homocysteine, cysteine, and
cysteinylglycine in plasma (total concentrations), acid­
precipitated plasma (non-protein-bound concentrations),
and urine can be determined. The derivatization and
chromatography were performed automatically by a sam­
ple processor. The successful separation of all thiol
species (within 15 min) was accomplished by accurate
adjustment of the pH of the mobile phase to 3.65 (plasma)
or 3.50 (acid-precipitated plasma, urine). Maximal fluores­
cence yield of cysteine, cysteinylglycine, and, to a lesser
degree, homocysteine was dependent on optimal concen­
trations of EDTA and dithioerythritol during reduction (with
NaBH4 ) and derivatization (with monobromobimane). The
method is sensitive (detection limit -0.05 pmol) and has
a high degree of precision (CV <5%). The sample output
is -70 samples in 24 h. Serum and heparin plasma can
also be analyzed. Hemolysis up to -2.0 gIL of hemoglo­
bin did not interfere with the analytical recovery of homo­
cysteine or cysteine. Collection of blood, separation of
plasma from whole blood, and acid precipitation must be
standardized to obtain reproducible thiol results. Our
modifications and the standardization of blood-sampling
procedures have SUbstantially improved the method and
broadened its applications.

Indexing Term.: cysteine • cysteinylglycine . sample han­
dling • fluorometry • chromatography, reversed-phase

The introduction ofmethods for determination oftotal
plasma homocysteine in the mid-1980s greatly facili­
tated research on the clinical role ofhomocysteine (1-3).
Clinical studies of >1600 patients indicate that hyper­
homocysteinemia is an independent risk factor for pre­
mature cardiovascular disease (4). Furthermore, deter­
mination ofhomocysteine in plasma and serum is useful
both in the diagnosis and follow-up of folate and cobal­
amin deficiencies and the rare inborn errors causing
homocystinuria (5). Thus plasma and serum homocys­
teine are established as indicators of several common
disease states, so that homocysteine determination is
attractive as a routine analysis.

In normal plasma and serum, -70% of homocysteine
(1 ) and 30% ofcysteine (6) are protein bound. Storage of
whole plasma and serum causes redistribution ofplasma
thiols so that the protein-bound fraction increases at the
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expense of the free, acid-soluble fraction. Therefore, de­
termination oftotal (both free and protein-bound) homo­
cysteine is preferable in the clinical setting (3).

Several procedures for determining total homocys·
teine have been described (1, 2, 7-14), but these tech­
niques require either laborious sample processing and
derivatization or operation of sophisticated chromato­
graphic instrumentation. Four years ago we constructed
the first fully automated method for determining total
homocysteine in plasma (9). One major drawback ofthis
method was a column-switching step, which required
two solvent-delivery systems. Such switching also
causes a pressure surge through the system, which may
cause column deterioration and reduce column life.

Introduction oftotal plasma homOcysteine determina­
tion in the university hospital laboratory in Bergen
motivated the construction of a simple but fully auto­
mated single-column technique. Major advantages are
longer column life; simultaneous determination of cys­
teine and cysteinylglycine; and total analytical recovery
of all three thiols measured in plasma collected in
EDTA or heparin, or in serum, urine, or acid-treated
plasma. Procedures for sample collection and handling
were also developed and evaluated.

Materials and Methods
Materials

L-Homocystine, L-cystine, cysteinylglycine (reduced
form), N-ethylmorpholine, and dithioerythritol (DTE)
were obtained from Sigma Chemical Co. (St. Louis,
M0)3. NaBH4 and EDTA tripotassium salt were from
Fluka Chemie AG (Buchs, Switzerland). Dimethyl sulf·
oxide (DMSO), l-octanol, 5-sulfosalicylic acid (dihy­
drate), hydrochloric acid, nitric acid (65%), formic acid,
and acetic acid were purchased from Merck AG (Darm­
stadt, Germany). Monobromobimane was obtained from
Molecular Probes, Inc. (Eugene, OR). Acetonitrile
(HPLC-grade) was obtained from Lab-Scan Ltd. <Dub­
lin, Ireland). The column (150 x 4.6 mm; Shandon
Scientific Ltd, Cheshire, UK) for reversed-phase chr0­
matography was slurry-packed at 13.3 kg/cm2 with
Shandon Hypersil ODS material, 3-pm particle size.
The guard column (25 x 4.6 mm, from Shandon) was
packed with Pelliguard LC 18 from Supelco Inc. (Belle­
fonte, PA).

Standard Solutions

L-Homocystine (50 pmollL), L-cystine (600 pmollL),
and cysteinylglycine (150 pmollL, reduced form) were
dissolved in 0.1 mollL HCI containing DTE, 100 pmollL,

3 Nonstandard abbreviations: DTE, dithiothreitol; DMSO di·
methyl sulfoxide. '
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and then diluted to known concentrations with the same
solution.

Instrumentation
A programmable sample processor, Model 232-401

(Gilson Medical Electronics, Inc., Middleton, WI), was
used for automated sample processing, derivatization,
and injection, as previously described (9). The ternary
solvent delivery system (Model SP8800) and the inte­
grator (SP4290) were from Spectra-Physics (San Jose,
CAL The fluorescence signal was detected by means ofa
Shimadzu (Kyoto, Japan) RF-535 fluorometer operating
at an excitation wavelength of 365 rim and emission
wavelength of 475 nm.

Methods
Sample collection and storage. Blood was collected by

venipuncture into a Vacutainer Tube (Becton Dickin­
son, Rutherford, NJ) containing EDTA. Plasma for
determination oftotal thiol concentrations was obtained
without delay by centrifuging the blood at 2000 x g for
5 min at 0-2 °C.

Acid-precipitated plasma was used for determining
free concentrations ofthe thiols. Blood was collected into
a cooled EDTA Vacutainer Tube, and the blood cells
were removed without delay by centrifugation for -0.5
min at 10000 x g. Within 2 min after collection of the
blood, plasma (0.5 mL) was added directly to a vial
containing 50 J.LL of 500 gIL sulfosalicylic acid. The
acid-treated plasma was then allowed to stand for 5-10
min on ice before removal of the acid precipitate by
centrifugation for -1 min at 10 000 x g. Plasma and the
acid supernate were stored at - 20°C until analysis.

Derivatization procedures. The automated derivatiza­
tion procedure of plasma samples was presented else­
where (9). Briefly, the autosampler is filled with as
many as 60 samples (-20 h analysis time) and the
reagents necessary for derivatization. (All reagents
were tested ;md found to be stable for the duration ofthe
unattended analysis, Le., ~24 h.) The sample vials and
most reagent reservoirs are stored in cooled racks (2­
3°C), whereas the acids, ethylmorpholine buffer, and
water are kept at room temperature. The sample pro­
cessor collects the sample and the reagents and dis­
penses them into one derivatization vial (a 1000-J.L1
vial), where reduction and derivatization are carried out
at room temperature.

We modified the composition of reagents used for
reduction and derivatization. Plasma, serum, and undi­
luted urine were derivatized as follows: 30 J.LL of sample
was mixed with 30 J.LL of4 mollL NaBH4 in 0.066 mollL
NaOH and 333 mLIL DMSO, 10 J.L1 of 2 mmollL EDTA
and 1.65 mmollL DTE, 10 J.L1 of l-octanol, and 20 J.L1 of
1.8 mollL HCl. After 3 min (to allow reduction of
disulfides), 100 J.LL of 1.5 mollL ethylmorpholine buffer,
400 J.LL of H20, and 20 J.LL of 0.025 mollL monobromo­
bimane were added. The derivatization (with monobro­
mobimane) was terminated after 3 min by adding 40 J.LL
of glacial acetic acid.

The procedure was slightly different for the derivati-
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zation of acid-treated plasma: 45 J.L1 of sample was
mixed with 15 J.LL of 167 gIL sulfosalicylic acid with 4.5
mmollL DTE, 30 J.L1 of 4 mollL NaBH4 in 0.066 mollL
NaOH and 333 mLIL DMSO, and 10 J.L1 of l-octanol.
After 3 min, 20 J.L1 of 5 mmollL EDTA, 100 J.L1 of 1.5
mollL ethylmorpholine buffer, 400 J.LL ofH20, and 20 J.L1
of 0.025 mollL monobromobimane were added. The
derivatization (with monobromobimane) was termi­
nated after 3 min by adding 40 J.LL ofglacial acetic acid.

Chromatography. Twenty microliters of derivatized
sample was injected into a 150 x 4.6 mm ODS Hypersil
column, equilibrated with 30 mmollL ammonium ni­
trate and 40 mmollL ammonium formate buffer, pH 3.65
(plasma) or pH 3.50 (acid-precipitated plasma and
urine). The three thiols were eluted from the column
with a linear gradient of acetonitrile (from 0% to 10.5%
in 11 min) in the same buffer. Ambient temperature was
used and the flow rate was 2 mIJmin. The retention
times of cysteine, cysteinylglycine, and homocysteine
were -8, 9.5, and 10.5 min, respectively.

Precision and Recovery

Precision. To determine within-day precision, we as­
sayed 10 replicates of the biological sample in one run.
Between-day precision was obtained by determining the
same biological samples on 10 different days over 1
month.

Recovery studies. Known concentrations of homocys­
teine, cysteine, and cysteinylglycine equivalents were
added to water containing 100 J.LIDollL DTE or to a
biological sample (plasma or acid-precipitated plasma or
urine). The concentration of thiols determined in 10
replicates of water matrix (standards, S) was used to
calibrate the system. Then the concentrations in biolog­
ical samples (B) and in biological samples with added
standards (BS) were determined in 10 replicates and
analytical recovery was calculated as follows:

Recovery (%) = 100· (BS - B)/S

Sampling Procedures

Comparison between plasma and serum. Blood was
collected into Vacutainer Tubes containing EDTA, hep­
arin, citrate, or no addition (for serum). The tubes
containing anticoagulant were placed on ice and the
blood cells were removed by centrifugation within 10
min. The plasma fraction was collected without delay.
Serum was obtained by leaving whole blood at room
temperat~e and collecting the serum fraction within 60
min. In another experiment, EDTA plasma and serum
were left with the blood cells for the same period oftime.

Evaluation of stability of total plasma homocysteine
during storage of whole blood. Changes in total plasma
homocysteine in whole blood from 40 consecutive pa­
tients were determined as a function of time and tem­
perature. We either prepared the plasma immediately
(control) or left the vial containing whole blood at room
temperature (22°C) or on ice (0-2 °C) for 4 and 24 h
before removing the blood cells. To test whether plasma
homocysteine or plasma methionine concentrations af-



fected stability of plasma homocysteine in whole blood,
we gave a healthy volunteer an oral methionine load of
100 mglkg body weight. Six blood samples were col­
lected (before and 1, 2.5, 4, 8, and 30 h after the
methionine load), and either plasma was prepared im­
mediately or whole blood was left. at room temperature
(22°C) or on ice (0-2 °C) for 1, 4, and 24 h before
preparation of plasma.

Evaluation ofstability oftotal plasma homocysteine in
plasma. Blood samples collected from 40 consecutive
patients were immediately cooled and centrifuged and
the plasma fraction was either removed and analyzed
without delay or left at room temperature for 4 days
before analysis.

Changes in free, bound, and total plasma thiols during
storage of whole blood or plasma. Time- and tempera­
ture-dependent changes in free, bound, and total plasma
thiols during storage of whole blood and plasma were
measured in six blood samples, each divided into two
portions. Plasma was prepared from one portion within
1 min and total thiol concentration was determined
(control total concentration). A fraction of this plasma
was immediately treated with acid to obtain the control
values for free thiols. Another fraction of plasma was
left either at room temperature or at 0-2 °C for 0.5, 1, 4,
or 24 h before determination of total thiol concentration
or acid treatment to obtain the free fraction. The other
portion of whole blood was left either at room tempera­
ture or at 0-2 °C for 0.5, 1, 4, or 24 h before preparation
of plasma; in plasma so obtained, total thiols and free
thiols (after acid treatment) were determined.

Hemolysis. Blood from one donor was collected into
three Vacutainer Tubes containing EDTA. The hemo­
globin concentration of the sample was determined in
one tube. Blood from another tube was subjected to
rapid freezing and thawing (three times) to obtain
hemolysis. Blood in the third tube was centrifuged and
plasma was separated from the blood elements. The
hemolyzed sample (with known concentration ofhemo­
globin) was then added to plasma to obtain increasing
concentration of hemoglobin (and other cellular compo­
nents) in the plasma sample. Maximal dilution of
plasma with the hemolyzed sample was -6%.

Statistics

Data from precision and recovery studies are pre­
sented as mean ::t SD or coefficient of variation (CV).
The test for stability of homocysteine in whole blood or
in plasma stored under various conditions was per­
formed by using a Friedman test followed by a Wilcoxon
signed-rank test for paired samples (15). In addition,
sample stability was evaluated by using the test statis­
tics (T.S'> described by Thiers et a1. (16): The sample
constituent was considered stable when its mean con­
centration changed by <1 CV of the method, allowing a
5% risk of error in decision (2a = (3 = 0.05). The results
were presented by using the truncated normal sequen­
tial test in which

where Si is the measured concentration of the ith
sample after storage, Fi is the concentration measured
in the fresh (reference or control) sample, and CV is the
coefficient of variation of the method, which was set at
3%, based on our results from the precision studies.

The test for stability of homocysteine in whole blood
as a function of the initial concentration was performed
by using a Spearman rank correlation coefficient or a
Kruskal-Wallis test followed by a Mann-Whitney
U-test with a Bonferroni correction (15).

Results

Optimization and Perfonnance of the Assay

Optimization of reduction and derivatization. We
found that the optimal sodium borohydride concentra­
tion (1.3 mol/L) in the homocysteine assay (9) was also
optimal for the measurement of oxidized species of
cysteine and cysteinylglycine (data not shown). How­
ever, the concentration of monobromobimane required
to obtain a maximal fluorescence yield of cysteine and
cysteinylglycine was higher than for assay of homocys­
teine, and the final concentration ofmonobromobimane
during derivatization was therefore raised to -800
JLID,ol/L.

EDTA was added before derivatization. This signifi­
cantly increased the fluorescence yield of cysteinylgly­
cine and cysteine (-60%) in standard solutions and
biological fluids not containing EDTA. Furthermore,
the inclusion of EDTA significantly reduced the size of
several unidentified peaks in the chromatogram.

DTE was required in dilute samples and in standard
solutions to obtain maximal yield of all thiol compo­
nents, as previously reported for the determination of
homocysteine (9). The effect from DTE was particularly
pronounced when acid-treated samples were assayed
(data not shown).

Chromatography. Figure 1 shows the chromatograms
of the three thiol components in plasma from a healthy
person. Cysteine, cysteinylglycine, and homocysteine
eluted in this order, and their retention times were only
moderately affected by changing the pH of the mobile
phase from 3.5 to 3.8. However, the chromatographic
behavior of several unidentified peaks and glutathione
was highly dependent on pH, with these peaks eluting
more rapidly at higher pH (Figure 1). We exploited the
pH-dependent elution of this material to avoid chro­
matographic interference with the cysteinylglycine and
homocysteine peaks. In addition, the system was further
optimized by adding nitric acid to the mobile phase,
which improved the separation of homocysteine from a
peak that eluted at a slightly later retention time. In
plasma (total concentrations), optimal separation of
homocysteine from interfering peaks was obtained at
pH 3.65 (Figure 1).

In urine and in acid-precipitated plasma (ffee concen·
trations), the material eluting as peak X in Figure 1 was
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