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Purpose
Determination of thiols and disulfides in urine.

High concentrations of cystine and cysteine in the
urine are characteristic of the childhood disorder,
cystinuria (1). An accurate determination of urinary
cysteine and cystine is therefore crucial in diagnos-
ing these cases. Individuals with high concentrations
of cystine in their urine may develop kidney stones
as well as other discrders. Homocystinuria, another
genetic disorder, is characterized by the excretion of
a mixed disulfide of homocysteine and cysteine (1,2}.

Existing Methods

The conventional method for the determination of
cysteine and cystine in urine is a colorimetric assay
(3). This involves measuring the cysteine first, then
reducing the disulfide and remeasuring the thiol con-
centration. Many non-thiol substances in the urine
react to produce a high background.

LCEC Method
LCEC provides a much easier and more reliable
method for the determination of not only cysteine
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Flgure 1. Chromatogram of a direct injection of

urine using a glassy carbon slectrode. Potential +1.0
V vs, Ag/AgClL
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Figure 2. Chromatogram of a direct injection of
urine (same as for F1) using a Hg/Au elecirode.
Potential +0.15 V vs. Ag/AgCl.

and cystine but also other thiols and disulfides which
may be present in the urine. The thicls and disul-
fides can be measured simulianeously without any
chemical reduction step or sample clean-up.

Conditions

System: Both the BAS 200 and BAS 400 hquid
chromatographs are appropriate for this work. In
the BAS 200, the correct systems are designated

by MF200- X2X11X, which includes the necessary

_ dual detector electronics and solvent

deoxygenation hardware. In the BAS 400 series,

two LC-4B Amperometric Controllers are used to
control the potentials at the two mercury/gold

{Hg/Au) thin film electrodes. Another cell containing

one glassy carbon {(GC) elsctrode and one Hg/Au
clectrode was used to {llustrate the selectivity of
the Hg/Au electrode. Preparation of the Hg/Au
amalgam has been previously described (BAS,
CAPSULE 192). Oxygen must be excluded from

s

\
-
»

4 Gl
B /0 Kern: Aves W, Lafayelie, IN 47906 @ (317) 4634527 @ TEL: 276141 @ FAX [317] 497-1102




Flow
CSSC +2H +2¢ 2CSH Hg(SChz + 2H* + 26"
) vy ’
"Generator™ "Detector”
— slovo o +0UBY L

Flgure 3. Schematic diagram of a series dual Hg/Au
electrode and reactions which occur at each
electrode. Potentials relative to a Ag/AgCl reference
electrode.

ihe system by utilizing all stainless steel tubing in
the system and sparging the mobile phase and
sample with Nz or helium. In the BAS 200 this

is a standard hardware feature; in the

BAS 400 series, a reflux manifold construcied
from ground-glass labware is necessary. Consutt
the detector manual for construction plans.

Column: Biophase ODS, 5 um, C1s {250 x 4.6 mm)
(BAS, P/N MF- 6017). A guard (precolumny
cofumn of similar packing material was included
between the injector and analytical column; part
numbers MF-6020, MF-6033.

Mobile Phase: 96% monochloroacetic acid (pH 3.0)
and 4% methanol, containing 1 mM sodium octyl
sulfate as ion- pairing agent. Flow rate was 1.
mL/min.

Electrode: Dual Hg/Au (BAS, P/N MF-1002)

Potential: Upstream -1.0 V and downstream +0.15
V vs. Ag/AgClL.

Sample Preparation

Urine was collected from volunteers on two separate
days. No sample preparation was required in the
case of fresh urine. !f the urine is to be stored, it
should be acidified with HCl or some other acid in
order to prevent further oxidation of endogenous
thiols. The injection volume was 20 pL.

Results And Discussion
In LCEC, thiols can be detected on either a glassy
carbon or Hg/Au electrode. Bare gold electrodes
have also been ulilized. In order to detect ihiols
using a glassy carbon or gold electrode, potentials of
408 fo +1.0 V must be used. F1 shows a
chromatogram of a urine sample using a glassy
carbon electrode. At +1.0 V it is difficult to distin-
guish cysteine from the other early eluling peaks.
The chromatogram also contains a number of late
BIUtErs.~ — — — e e e e

On a Hg/Au amalgam electrode, mercury is oxidized
in the presence of thiols by the following reaction:

2RSH + Hg — Hg(SR)z + 2¢” + 2H*

This reaction occurs at a much lower potential than
the direct oxidation of thiols on glassy carbon. By
setting the detector at +0.15 V this reaction can be
used to seleclively detect thiols, halides and chelat-
ing agents. Very few, if any, compounds will inter-
fere. The power of this method of detection is il-
lusirated by F2, where the separation of the urine
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Figure 4. Chromatogram of a direct injeclion of
urine using a series dual Hg/Au electrode. Potential
of electrodes as described in F3.

—5—




sample as used in F1 is monitored on a Hg/Au
electrode. The urine sample was injected directly
into the system with no preconcentraton and no
clean-up.

The addition of a second electrode, as shown In F3,
allows one to detect not only thiols but also disul-
fides. Disulfides are reduced to their corresponding
thiols at the upstream electrode. The resulting thiols
can then be selectively detected downstream
(oxidized). F4 and 5 show the use of this detection
scheme for a urine sample. With the first electrode
on, both cystine and cysteine are detectable. If only
the downstream electrode is utilized, only cysteine
and other endogenous thiols will be detected.

Comments

The use of dual Hg/Au electrodes for the determina-
tion of thiols in urine and other complex samples of-
fers several advantages over other methods. Both
the thiols and disulfides can be determined simul-
taneously. No chemical reduction, preconcentration,
or clean-up steps are required. Urine can be in-
jected directly into the LG (provided a guard column
or filter is used). The results shown here for urine
can be extrapolated to other biological samples such
as serum and tissue.
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Figure 5. Same as in F4, but upsiream (generator)
electrode is off.
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